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TO THE KIJVG. 

SIR, 
It proceeds from no vain confidence in my 

own abilities, that I presume to solicit for this Work 

the Protection of a Monarch, who is not more exalted 
* 

in station, than he is distinguished, among the Poten¬ 

tates of the Earth, by his ’Taste in Literature, and his 

Patronage of Science and the Arts, 

In conducting to its conclusion the Encyclopedia 

Britannic a, I am conscious only of having been uni¬ 

formly influenced by a sincere desire to do Justice to 

those Principles of Religion, Morality, and Social Order, 

of which the Maintenance constitutes the Glory of Tour 

Majesty s Reign, and will, I trust, record Tour Name 

to the latest Posterity, as the Guardian of the Laws, 

and Liberties of Europe. 



iv DEDICATION. 

The French Encyclopedic has been accused, and 

justly accufed, of having disseminated\ far and wide, 

the seeds of Anarchy and Atheism, If the Encyclo¬ 

pedia Britannica shall, in any degree, counteract the 

tendency of that pestiferous Work, these two Vo¬ 

lumes will not he wholly unworthy of Tour Majesty s 

Patronage; and the Approbation of my Sovereign, 

added to the consciousness of my own upright intentions, 

will, to me, be an ample reward for the many years of 

labour which I have employed on them, and on the 

Volumes to which they are Supplementary. I amt 

SIR, 
* i 

Your Majesty’s 

Most faithful Subject, 

'And most devoted Servant, 

Stirling, 1 
2>w. io. 1800.J 

GEORGE GLEIG. 



ADVERTISEMENT. 

It would ill become me to difmifs thefe Volumes from my hands without acknow¬ 
ledging that, from many of the moft valuable difquifitions which they contain, I can 
claim no other merit than that of having ulhered them into the world. 

Those who have read, and who underltand, the articles in the Encyclopaedia Bri- 
tannica, which were furnilhed by Profelfor Robifon of Edinburgh, can hardly need to 
be informed, that to the fame eminent philofopher I am indebted for the valuable ar¬ 
ticles Arch, Astronomy, Carpentry, Centre, Dynamics, Electricity, Impul¬ 

sion, Involution and Evolution of Curves, Machinery, Magnetism, Mecha¬ 

nics, Percussion, Piano-Forte, Centre of Position, Temperament in Mujic, 
Thunder, Mufcal Trumpet, Tschirnhaus, and Watchwork, in this Supplement. 
Of a friend and co-adjutor, whofe reputation is fo well eftablilhed as Dr Robifon’s, I 
am proud to fay, that, while I looked up to him, during the progrefs of this Work, as 
to my mafter in mathematical and phyfical fcience, I found him ever ready to fupport, 
with all his abilities, thofe great principles of religion, morality, and focial order, which 
I felt it my own duty to maintain. 

To Thomas Thomfon, M. D. of Edinburgh, a man of like principles, I am indebted ’ 
for the beautiful articles Chemistry, Mineralogy, and Vegetable, Animal, and Dyeing 
Substances ; of which it is needlefs for me to fay any thing, fince the Public feems to 
be fully fatisfied that they prove their author eminently qualified to teach the fcience 
of Chemiftry. 

4 ‘ 

The account of the French Revolution, and of the wars which it has occafioned, 
has been continued in this Supplement by the lame Gentlemen by whom that account 
was begun in the Encyclopsedia; and, owing to the cayfe affigned in the article, pro¬ 
bably with the fame merits and the fame defeats. 

My thanks are due to Dr William Wright for his continued kindnefs in communi¬ 
cating much curious botanical information : and to Mr Profelfor Playfair of the uni-- 
verfity of Edinburgh, for lending his alfiftance, occafionally, in the mathematical de¬ 
partment’, and for writing one beautiful article in that fcience, which is noticed as his 
in the order of the alphabet. 

In compiling this Supplement, I have made very liberal ufe of the moft refpecftable 
literary and fcientific journals, both foreign and domeftic; of all the late accounts of 
travels and voyages of difcovery, which have obtained, or feem indeed to deferve, the 
regard of the Public ; of different and oppofite works on the French revolution,* and 
what are emphatically called French principles ; and even of the moft approved Dic¬ 
tionaries, fcientific and biographical. From no Didionary, however, have I taken, 
without acknowledgment, any articles, except fuch as are floating everywhere on the’ • 
furface of fcience, and are the property,- therefore, of no living author. 

After 



ADVERTISEMENT. VI 

After all my labour and induftry, which, whatever be thought of my other merits, 

I am confcious have been great, no man can be more fenfible than myfelf, that the 
Encyclopaedia Britannica, even with the addition of this Supplement, is hill impeded. 
It would continue to be fo, were another Supplement added to this by the moft learn¬ 
ed and laborious man on earth ; for perfedion feems to be incompatible with the nature 
of works conftruded on fuch a plan, and embracing fuch a variety of fubjeds. 

No candid reader will fuppofe that, by expreffing myfelf thus, I mean to cenfure 
the plan of the Encyclopaedia Britannica in particular ; for, to the general excellence 
of that plan i have elfewhere borne my teftimony, which I have yet feen no reafon to 
retrad. Experience has indeed led me to think, that it is fufceptible of fuch improve¬ 
ments as would enable the principal Editor to carry.the work nearer to perfedion, even 
with lefs trouble to himfelf; but the purchafers of the third edition and this Supple¬ 
ment need not regret the want of thofe improvements, for they are fuch as few would 
difcern, who have not paid the fame attention that I have done to didionaries of arts, 

fciences, and literature. 

Before I take leave of the reader, I mull account for the omiflion of one or two 
articles (chiefly biographical) which I had given him reafon to exped in thefe vo¬ 
lumes. It was my intention at firft to introduce into the Supplement articles on 
every fubjed which had been admitted into the Encyclopaedia itfelf; and hence in the 
firft fupplementary volume will be found biographical Iketches of men whofe charac¬ 
ters, though in fome refpeds remarkable, have very little connedion with fcience, 
arts] or literature. From this part of the original plan I was foon obliged to deviate. 
So many applications were made to me to infert accounts of perfons who, whatever may 
have been their private virtues, were never heard of in the republic of letters, that I 
was under the neceflity of excluding from the fecond volume the lives of all fuch 
as had not either been themfelves eminent in literature, or in fome liberal art or fcience, 
or been confpicuous as the patrons of fcience, arts, and literature, in others. Hence 
the omiflion of the life referred to from Aubigne in the firft volume, and of one or 
two others to which references are made in the fame way. The life of Mr James Hay 
Beattie of Aberdeen, whofe originality of genius, ardent love of virtue, and early and^ 
extenfive attainments in fcience and literature, rail'e him almoft to the eminence of 
Barretier, of whom we have fo pathetic an account from the pen of Johnfon, 1 omit¬ 
ted with regret; but I thought not myfelf authorized to publifti what his father had 
then only diftributed among a few particular friends. For the omiflion of the life of 
Soame Jenyns 1 can make no apology : it was the confequence of forgetfulnefs. 

For the errors of thefe two volumes, vvhether typographical or of a nature more im¬ 
portant, 1 have perhaps no occafion to folicit greater indulgence than will be volun¬ 
tarily extended to me by a generous Public. Some errors I have correded in this fe¬ 
cond ifnpreflion, and fome deficiencies I have fupplied but I was reftrained by thofe 
who are now Proprietors of the Work from making any addition to the firft volume, 
or any coniiderablc alteration in the firft part of the fecond. Hence the different con- 
clufions which the reader will obferve in the articles Galvanism and Torpedo, re- 
fpeding the nature of the Galvanic power. Of thefe articles, the former was furniftted 
by a friend, whofe name I am not at liberty to publifti; but whofe reafonings appear¬ 
ed to me too worthy of attention to be either omitted or abridged, though they lead to 
a conclulion which fads more recently afcertained feem to fet afide. Thefe fads I felt 
it my duty to ftate to the public; and, under the title Torpedo, I have been enabled 
to ftate them with the precition and regularity of arrangement which charaderife the 
writings of Dr Thomfon. 
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ABE 
Abacifcus A BACISCUS, in architedure, the fame with A* 

|| ^ XjL bacus; for which, fee Encyclop&dia. 
Aberration. ABATIS, or Abattis, is, in military language, 

* v the name of a kind of retrenchment made of felled trees. 

When the emergency is fudden, the trees are merely 
laid lengthwife befide each other, with their branches 
pointed towards the enemy, to prevent his approach, 
whilft the trunks ferve as a breaftwork before thofe by 
whom the abatis is raifed. When the abatis is meant 
for the defence of a pafs or entrance, the boughs of the 
trees are generally (tripped of their leaves and pointed; 
the trunks are planted in the ground; and the boughs 
are interwoven with each other. It is needlefs to add, 
that the clofer the trees are laid or planted together, 
the more fecure is the defence which they afford ; and 
if, when they are planted, a fmall ditch be dug towards 
the enemy, and the earth thrown up properly againfl 

the lower part of the abatis, it will be very difficult to 
pafs it if well defended.—Simes’s Military Guide. 

ABBREVIATION of fractions, in arithmetic 
and algebra, is the reducing of them to lower terms ; 
which is done by dividing the numerator and denomi¬ 

nator by fome number or quantity which will divide 
both without leaving a remainder of either. 

ABERRATION, in optics (in Encycl.), defers 
the reader to the article Optics, n° 17, 136, 173. It 
fhould have referred him to Optics, n° J7,and 251_ 

<256. 

Aberration of the Vifual Ray, is a phenomenon, of 
which, though fome account of it has been given in the 

Encyclopaedia (fee Aberration, in aflronomy ; and 
the article Astronomy, no 337.), one of the moft can¬ 
did of our correfpondents requires a fuller explanation. 
If fuch an explanation be requifite to him, it rauft be 
much more fo to many others; and we know not where 
to find, or how to devife, one which would be more fa- 
tisfactory, or more familiar, than the following by Dr 
Hutton. 

“ This effed (fays he) may be explained and fami¬ 
liarized by the motion of a line parallel to itfelf, much 

after the manner that the compofition and refolution of 
forces are explained. If light have a progreffive mo¬ 
tion, let the proportion of its velocity to that of the 

Vlztt II. earth in her orbit be as the line BC to the line AC; 

E*l* then, by the compofition of thefe two motions, the par¬ 

ticle of light will feem to defcribe the line BA or DC. 
♦Suppl. Vol.I. Part I. 

A B S 
in (lead of its real courfe BC ; and will appear in the Aberration 
diredion AB or CD, inftead of its true diredion CB. II 

So that if AB reprefent a tube, carried with a parallel Abfcifs* , 
motion by an obferver along the line AC, in the time ¥ f 
that a particle of light would move over the fpace BC, 
the different places of the tube being AB, ab, cd, CD; 

and when the eye, or end of the tube, is at A, let a 
particle of light enter the other end at B ; then when 

the tube is at ab, the particle of light will be at e ex- 
a&ly in the axis of the tube ; and when the tube is at 
cd, the particle of light will arrive at /, (till in the axis 
of the tube; and, laftly, when the tube arrives at CD, 
the particle of light will arrive at the eye or point C, 

and confequently will appear to come in the diredion 
DC of the tube, inftead of the true diredion BC: and 
fo on, one particle fucceeding another, and forming a 
continued ftream or ray of light in the apparent direc¬ 

tion DC. So that the apparent angle made by the ray 
of light with the line AE is the angle DCE, inftead 
of the true angle BCE ; and the difference BCD, or 
ABC, is the quantity of the aberration.” 

Aberration of the Planets, is equal to their geocen¬ 
tric motion, or, in other words, to the fpace which each 

appears to move as feen from the earth, during the 

time that light employs in paffing from the planet to 
the eye of the obferver. Thus the fun’s aberration in 
longitude is conftantly 20", that being the fpace adu- 
ally moved by the earth, but apparently by the fun in 
8 minutes and 7 feconds, the time in which light paffes 
from the fun to the earth. If then the diftance of any 
planet from the earth be known, the time which light 
employs in paffing from the planet to the earth mu ft 
like wife be known ; for as the diftance of the fun is to 
the diftance of the planet, fo is 8 minutes and 7 feconds 
to that time; and the planet’s geocentric motion in that 
time is its aberration, whether it be in longitude, lati- 
tude, right afcenfion, or declination. See Astrono¬ 

my m this Supplement. 

ABOAB, cedes levied, in India, under diiFerent de. 
nominations, beyond the ftandard rent. 

ABSCISS, Abscisse, or Abfcijfa, is a part cut off 
trom a ftraight line, and terminated at fome certain 
point by an ordinate to a curve ; as AP (fig. 2.), or HatelL 
BP (fig. 3.) The abfcifs may commence either at the 
vertex of the curve, or at any other fixed point; and 

it may be taken either upon the axis or upon the dia-' 

^ rneter 
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Abforption,meter of the curve, or upon any other line drawn in a 
Abfurdum. g;ven p0fttion. Hence there are on the fame given line 

--~—J or diameter an infinite number of variable abfcifies, ter¬ 

minated all at one end by the fame fixed point. In 
the common parabola (fig. 4.), each ordinate PQ^has 
but one abfcifs AP. in the ellipfc or circle (fig. 2.), 
the ordinate has two abfcifies lying on the oppofite 
fides of it. In general, to each ordinate a line of the 
fecond kind, or a curve of the fir ft kind, may have two 
abfcifies; a line of the^third order, three; a line of the 

fourth order, four; and fo on. 
ABSORPTION, in Anatomy and Physiology, 

has been fufficiently explained under thefe articles in the 
Encyclopaedia ; but there is another abforbing power 

poflefled by different fubftances, which is worthy of at¬ 
tention, becaufe it is only by our knowledge of it that 
we can adapt our clothing to the various climates of the 
earth. The power to which we allude is that of diffe¬ 

rent fubftances; fuch as wool, cotton, filk, and linen, 

to abforb or attrad moifture from the atmofphere. On 
this iubjed the reader will find fome very inftrudive ex¬ 
periments detailed (in Encycl.), where perhaps he may 

not have looked for them, under the title Flan el. 

ABSURDUM, a term made ufe of by mathemati¬ 

cians when they demonftrate any truth, by (bowing 
that its contrary is lmpofiible, or involves an abfurdity. 
Thus Euclid demonftrates the truth of the fourth pro- 

pofition of the firil book of his Elements, by fhowing 
that its contrary implies this obvious abfurdity—“ that 

two ftraight lines may inclofe a fpace.” 
This mode of demonftration is called reduBio ad ab¬ 

furdum, and is every whit as conclufive as the dired 
method; becaufe the contrary of every falfehood muff 

be truth, and of every truth, falfehood. 
The young geometrician, however, does not, we be¬ 

lieve, feel himfeif fo perfedly fatisfied with a demon¬ 
ftration of this kind, as with thofe which, proceeding 

from a few felf-evident truths, conduds him diredly, 
by neceffary confequences, to the truth of the propofi¬ 

tion to be proved. The reafon is, that he has not yet 
learned to diftinguifh accurately between the words 
falfe and impoffible, different and contrary. Many diffe¬ 
rent affertions may be made relating to the fame thing, 
and yet be all true or all falfe ; but it is impoffible to 
make two affertions diredly contrary to each other, of 

which the one (hall not be true and the other falfe. 

Thus, “ fnow is white,1” “ fnow is cold,” are different 
affertions relating to the fame thing, and both true; as, 

♦‘fnow is black,” “ fnow is red,” are both falfe ; but 
let it be remembered, that of the firft and fecond, and 
of the third and fourth of thefe affertions, neither is di¬ 

redly contrary to the other; nor is any one of them, 
abftradly confidered, impoffible, or fuch as a blind man, 
who had never felt nor heard of fnow, might not believe 
upon ordinary teftimony. But were all the men m 
Europe to tell a native of the interior parts of Africa 
that fnow is a thing at once white and not white, cold and 
not cold, the woolly-headed favage would know as well 
as the mod fagacious philofopher, that of thefe contrary 
affertions the one muff be true and the other miff be falfe. 
Juft fo it is with refped to Euclid’s fourth propofition. 
Had he proved its truth by fhowing that its contrary 
involves this propofition, that “ the diagonal of a fquare 
is commenfurate with its fide,” the fkilfui geometrician 

would indeed have admitted the demonftration, becaufe 

] ACT 
he knows well that the diagonal of a fquare is not com-Accelerated 

menfurate with its fide ; but the tyro in geometry 11 
would have been no wifer than before. He knew from , 

the beginning, that the propofition and its contrary 
cannot both be true ; but which of them is true, and 
wdiicli lalfe, fuch a demonftration could not have taught 
him, becaufe he is ignorant of the incommenfurability 
0f the diagonal and fide of a fquare. No man, how¬ 
ever, is ignorant, that two ftraight lines cannot inclofe 
a fpace ; and fince Euclid (hows that the contrary of 
his propofition implies this abfurdity, no man of com¬ 
mon fenfe can entertain a doubt but that the propofi¬ 

tion itfelf muft be true. 
ACCELERATED motion. 7 See (Encycl.) Ac- 

ACCELEtvATING force. 3 celeration; and 

Mechanics, Sed. VI.—and (this Supplement) Dy¬ 

namics. # 

ACTION is a term which has been fufficiently ex¬ 

plained in the Encyclopedia; but fince that article was 
written, queftions have been agitated refpeding agents, 

agency, and action, which, as they have employed fome 
of the mod eminent philofophers of the age, and are 
conneded with the deareft interefts of man, are cer¬ 

tainly entitled to notice in this place. 
It is the opinion of Dr Reid, and we have adopted 

it (fee Metaphysics, n° 109, &c. Encycl.), that no 
being can be an agent, or perform an action, in the pro¬ 
per fenfe of the word, which does not poffefs, in fome 
degree, the powers of will and underftanding. If this 
opinion be juft, it is obvious, that what are called the 
powers of nature, (uch as wipulfe, attraction, repulffon» 

elafficity, &c. are not, ftridly fpeaking, powers or caufesf 
but the effeds of the agency of fome adive and intel¬ 

ligent being ; and that phyfical caufes, to make ufe of 
common language, are nothing more than laws or rules, 

according to whkh the agent produces the effed. 
This dodrine has been controverted by a writer 

whofe acutenefs is equalled only by his virtues; and 
we (hall confider fome of his objedions to it in another 
place (fee Cause) : but a queftion of a different kind 
falls under our prefent confideration ; and perhaps the 
anfwer which we muft give to it, may go far to remove 

the objedions to which we allude. 
Can an agent operate where, either by itfelf or by 

an inftrument, it is not prefent ? We think not ; be¬ 
caufe agency, or the exertion of power, muft be the 
agency of fomething. The conftitution of the human 
mind compels us to attribute every adion to fome be¬ 

ing; but if a being could ad in one place from which it 
is abfent, it might do the fame in a fecond, in a third,, 

and in all places; and thus we (hould have adion with¬ 
out an agent: for to be abfent from all places is a phrafe 

of the fame import as not to exift. But if a living and 
intelligent being cannot ad but where it is either im¬ 
mediately or inftrumentally prefent, much leis furexy can 
we attribute events of any kind to the agency of an ab¬ 
fent and inanimated body. Yet it has been faid, that 
“ we have every reafon, which the nature of the fubjed 
and of our own faculties can admit of, to believe, that 

there are among things inanimate fuch relations, t at 
they may be mutually caufes or principles of change to 
one another, without any exertion of power, or any o- 

peration of an agent, ftridly fo called. Such,relationsf 
for aught that we know, may take place among bodies 

at great diftances from one another, as well as among 
5 bodies 
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AClinn- bodies really or feemingly in a&ual contact ; and they 
—~v~—' may vary both in degree and in kind, according to the 

diftances between the bodies.” 
That any thing fhoukl be a caufe or principle of 

change to another, without the exertion of power or the 
operation of an agent, appears to us a palpable contra¬ 
diction ; and we could as eafily conceive any two fides 
of a triangle to be not greater than the third fide, as re¬ 
concile fuch a propofition to that faculty of our minds 
by which we diftinguifh truth from falfehood. When 
we fee one body the apparent caufe of change in ano¬ 
ther body, we cannot pofiibly entertain a doubt of the 
exertion of power; but whether that power be in the 
body apparently producing the change, or in a diftinCl 
agent, is a queftion to which an anfwer will not fo 
readily be found. That it is in a diftinCl agent, we are 
ftrongly inclined to believe, not only by the received 
do&rine concerning the inertia of matter, which, though 
it has been frequently controverted, we have never feen 
difproved, but much more by confidering the import 
of an obfervation frequently introduced to prove the 
direCl contrary <*f our belief. “ We cannot be charged 
(fays the writer whom we have juft quoted) with 
maintaining the abfurdity, that there may be an effeCl 
without a caufe, when we refer the fall of a ftone to 
the ground, and the ebbing and flowing of the fea, to 
the influence of the earth on the ftone, and of the fun 
and moon on the ocean, according to the principle of 
general gravitation.” 

We admit the truth of this obfervation, provided the 
influence of the fun and moon on the ocean be poflible; 
but, to us at leaft, it appears impoflible, and is certain¬ 
ly inconceiveable. The influence of the fun and moon 
can here mean nothing but the action or operation of the 
fun and moon; but if thefe two bodies be inanimate, 
they cannot ad at all, in the proper fenfe of the word ; 
and whatever they be, it is obvious that they cannot 
a<!ft immediately on an objeCl at fuch adiftance from them 
as the earth and the ocean. If they be the agents, they 
muff operate by an inftrument, as we do when moving 
obje&s to which our hands cannot reach; but asit has 
been fhewn elfewhere (fee Metaphysics, n° 199. and 
Optics, ny 63. Encycl.),* that neither air noi* sether, 
nor any other material inftrument which has yet been 
thought of, is fufticient to account for the phenomena 
of attraction and repulfion, it is furely much more ra¬ 
tional to conclude, that the ebbing and flowing of the 
fea are produced, not by the influence of the fun and 
moon, but by the power of fome diftinCl agent or 
agents. 

What thofe agents are, we pretend not to fay. If 
the Supreme Being himfelf be the immediate author of 
every change which takes place in the corporeal world, 
it is obvious that he ads by fixed rules, of which many 
are apparent to the moft heedlefs obferver, whilft the 
difeovery of others is referved for the reward oftheju- 
dicious application of the faculties which he has given 
us. If he employs inferior agents to carry on the great 
operations of nature, it is furely not difficult to con¬ 
ceive that the powers of thofe agents which were de¬ 
rived from him, may by him be reftrained within cer¬ 
tain limits, and their exercife regulated by determined 
laws, in fuch a manner as to make them produce the 
greateft benefit to the whole creation. Nor let it be 
thought an obje&ion to this theory, that the changes 

3 ] A Ii R. 
winch take place among bodiesat great diftances from ACHon 

each other, vary both in degree and in kind according H 
to the diftances ; for this variation, which we acknow- 1Aerology<l 
ledge to be a fad, appears to us wholly unaccountable 
upon any other hypothefis than that which attributes 
the different changes to agents diftind from the bodies 

themfelves. Did we perceive all the particles of mat¬ 
ter, at all diftances, tending towards each other by a 

fixed law, we might be*led to consider mutual attrac¬ 
tion as an effeniial property of that fubftance, and think 
no more of inquiring into its caufe, than we think of - 
inquiring into the caufe of extenfion. But when we 

find that the fame particles, which at one diftance feeni 
to attrad each other, are at a different diftance kept 
aftmder by a power of repulfion, which no force, with 
which we are acquainted, is able to overcome, we can¬ 
not attribute the principle or caufe of thefe changes to 
brute matter, but mil'll refer it to fome other ao-ent 
exerting power according to a fixed law. 

It is the fafhion at prefent to defpife all metaphyfi. 
cal inquiries as abftrufe and ufelefs: and on this account 
we doubt not but fome of onr readers will turn away 
from this difquifition with affeded difguft, whilft the 
petulant and unthinking chemift, proud of pofiefiing the 
lecrets of hisfcience, will deem it fuperfluous to inquire 
after any other natural agents than thofe of which he 

has been accuftomed to talk. But with the utmoft re- 
fped for the difeoveries made by modern chemifts* 

which we acknowledge to be both numerous and im¬ 
portant, we beg leave to obferve, that though thefe 
gentlemen have brought to light many events and ope¬ 
rations of nature formerly unknown, and have fhowft 

that thofe operations are carried on by eftabliflied laws, 

none of them can fay with certainty that he has difco‘- 
vered a fingle agent. The moft enlightened of them 

indeed pretend not to have difeovered in one depart¬ 
ment of feience more than Newton difeovered in ano¬ 
ther ; for they well know that agents and agency can¬ 

not be fubjeCted to any kind of phyfical experiments. 
Our very notions of thefe things are derived wholly 
from our own confcioufnefs and refleClion ; and when 

it is confidered what dreadful confequtnces have in an¬ 
other country refulted from that pretended philofophy 
which excludes the agency of mind from the univerfe, 
it is furely. time to inquire whether our confcioufnefs 
and reflection do not lead us to refer real agency to 
mind alone. Let this be our apology both to the real 
and to the affeCled enemies of metaphyfics for endea¬ 
vouring to draw their attention to the prefent queftion. 
It. is a queftion of the utmoft importance, as well to 
feience as to religion: and if the laws of human thought 
decide it, as we have endeavoured to iliow that they do 

we may without hefitation affirm, that the impious phi! 
loiophy of France can never gain ground but among 
men incapable of patient thinking. 

ADAMAS, a name given, in aftroWy. to the 
moon. 0 

in mec^anicsi a fmall machine invented 
by Mr Tidd for refrefhing or changing the air in rooms 

when it becomes too hot or otherwife unfit for refpira- 
tion. The asolus is fo. contrived as to fupply the place 
of a fquare of glafs in the window, where it works 

with very little noife, like the fails of a wind-mill or a 
imoke-jack. 

AEROLOGY is a branch of feience which was de- 

A 2 detailed 
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Afghans, tailed in the Encyclopaedia atfuflicient length, and ac- 
l—-cording to the principles which were then generally ad¬ 

mitted by chemifts. Subsequent experiments, however, 
have ihown, that fome of thofe principles are erroneous, 
and of courfethat fome of the opinions advanced in the 
article Aerology are inconfiftent with fa£ts. Ihefe 
opinions mult be correded ; but inilead of Swelling this 
volume with a new article Aerology, we apprehend 
that it will be more acceptable to our Scientific readers 
to refer them for thofe corre&ions to the article Chk- 

mistry in this Supplement. 
AFGHANS, ate a people in India who inhabit a 

province of Cabul or Cabulistan (fee Encycl.), and 
have always been conneded with the kingdoms of Per- 

£a and Hindoftan. They boaft of being defended of 
Saul the firft king of Ifrael; of whofe advancement to 
the royal dignity they give an account which deviates 
not very widely from the truth. *1 hey fay indeed, that 
their great anceftor was railed from the rank of a fhep- 
herd, not for any princely qualities which he poffeffed, 
but becaufe his ftature was exa&ly equal to the length 
©f a rod which the angel Gabriel had given to. the pro¬ 

phet Samuel as the meafure of the ftature of him whom 

God had deftined to fill the throne of Ifrael. 
Saul, whofe defcent, according to fome of them, 

was of Judah, and according to others of Benjamin, 

had, they fay, two fons, Berkia and Ikmia, who Ser¬ 
ved David, and was beloved by him. The fons of 
Berkia and Irmia were Afghan and Usbec, who, 
during the reigns of David and Solomon, diftinguifhed 
themfelves, the one for his corporeal ftrength, 3nd the 
other for his learning. So great indeed was the ftrength 

of Afghan, that we are told it ftruck terror even into 

demons and genii. 
This hero ufed frequently to make excursions to the 

mountains, where his progeny, after his death, eftablifh- 
ed themfelves, lived in a ftate of independence, built 
forts, and exterminated infidels. When the feledl of 
creatures (the appellation which this people give to 
Mahomet) appeared upon earth, his fame reached the 

Afghans, who fought him in multitudes under their 

leaders Khalid and Abdul Refpid, Sons of Walid; and 
the prophet honouring them with this reception— 
“ Come, O Muluc, or Kings !” they affumed the title 

of Medic* which they retain to this day. 
The hiftory, from which this abftraa is taken, gives 

a long and uninterefting detail of the exploits of the 
Afghans, and of their zeal in overthrowing the temples 
of idols. It boafts of the following monarchs of their 

race who have fat upon the throne of Dehli : Sultan 
Behlole, Afghan Lodi, Sultan Secander, Sultan 

Irbahim, bHiR Shah, Islam Shah, Adil Shah 

Sur. It alfo numbers the following kings of Gaur 
defended of the Afghan chiefs:, Solaiman Shah Gur- 
xaniy Beyazid Shah, and Kutb Shah; befides whom, 
their nation, we are told, h3s produced many conquerors 
of provinces. The Afghans are fometimes called Solal- 
manly either becaufe they were formerly the fubje&s of 
Solomon king of Ifrael, or becaufe they inhabit the 
mountains of Solomon. They are likewife called Pa- 

tans, a name derived from the Hindi verb Paitna “ to 
rufh,” which was given to them by one of the Sultans 
whom they ferved, in confequence of the alacrity with 
which they had attacked and conquered his enemies. 

The province which they occupy at prefent was for- 
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merly called Roh ; and hence is derived the name of the Afghans. 

Rohlllas. The city which was eftablifhed in it by the 1 
Afghans was called by them Palfiswer or Palfher, and 
is now the name of the whole diftrid. The feds of the 
Afghans are very numerous ; of which the principal 
are, Lodly Lohouni, Sur, Serwarily Tufufzihl, Banglfh, 
Dilazaui, Khetti, Tafin, Kail, and Beloje. They are 
Mufulmansy partly of the Sunni, and partly of the Shiek 

perfuafion. 
Though they are great boafters, as we have feen, of 

the antiquity of their origin, and the reputation of their 
race, other Mufulmans rejed their claim, and confider 
them as of modern, and even of bafe, extradion. 

This is probably a calumny ; for it feems inconfiftent 
with their attention to the purity of their defcent—an 
attention which would hardly be paid by a people not 
convinced of their own antiquity. They are divided 
into four claffts. The firft is the pure clafs, confifting 
of thofe whofe fathers and mothers were Afghans. The 
fecond clafs confiils of thofe whofe fathers were Afghans 
and mothers of another nation. The third clafs contains 
thofe whofe mothers were Afghans and fathers of ano* 
ther nation. The fourth clafs is compofed of the chil¬ 
dren of women whofe mothers were Afghans and fathers 

and hufbands of a different nation. Perfons who do not 
belong to one of thefe claffes are not called Afghans. 

This people have at all times diftinguiihed themfelves 
by their courage, both fingly.and unitedly, as princi¬ 
pals and auxiliaries. They have conquered for their 
own princes and for foreigners, and have always been 
confidered as the main ftrength of the army in which 
they ferved. As they have been applauded for virtues* 
they have alfo been reproached for vices, having fome¬ 
times been guilty of treachery, and of a&ing the bafe 

part even of ailaiins. 
• Such is the account of the Afghans publiftied in the 
fecond volume of the Afiatic Refearches. It was trans¬ 
lated from a Perfian abridgment of a book written in 
the Pufhto language, and called The Secrets of the Af¬ 
ghans, and communicated by Henry Vanfittart, Efq; to 
Sir William Jones, then prefident of the Afiatic So¬ 
ciety. Their claim to a defcent from Saul king of If¬ 
rael, whom they call Melic Talut, is probably of not 
a very ancient date ; for the introdu&ion of the angel 
Gabriel with his rod, gives to the whole ftory the air 

of one of thofe many fi&ions which Mahomet borrowed 
from the later rabbins. Sir William Jones, however, 
though he furely gave no credit to this fable, feems to 
have had no doubt but the Afghans are defendants of 
Ifrael. M We learn (fays he) from Esdras, that the 
ten tribes, after a wandering journey, came to a coun¬ 

try called Arfareth, where we may fuppofe they feU 
tied l now the Afghans are faid by the beft Perfian hif- 
torians to be defcended from the Jews. They have 
traditions among themfelves of fuch a defcent; and it 
is even afferted, that their families are diftinguifhed by 
the names of fewtjh tribes, although fince their con* 
verfion to Jflam, they ftudioufly conceal their origin 
from all whom they admit not to their fee rets. The 

Pufhto language, of which I have feen a di&ionary, has 
a manifeft refemblance to the Chaldalck; and a consi¬ 
derable, diftrift under their dominion is called Nazareth^ 
or Hazaret, which might eaiily have been changed into 

the word ufed by Esdras. 1 ftrongly recommend an 

inquiry into the literature and hiftory of the AfghansP 
Xt 
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Albategni It is to co-operatc with this accomplifhed fcholar 

11 that we have inferted into our Work this fhort account 
Almamon.^ that lingular people ; and it is with pleafure that, 

r ' upon the authority of Mr Vanfittart, we can add, that 
a very particular .account of the Afghans has been writ¬ 
ten by the late Hafiz Rah mat Khan, a chief of the 
Rohillahs, from which fuch of our readers as are orien¬ 
tal fcholars may derive much curious information. 

ALBATEGNI, an Arabic prince of Batan in Me^ 
fopotamia, was a celebrated aftronomer, about the year 

of Chrift 880, as appears by his obfervations. He is 
alfo called Muhammed ben Geber Albatani, Mahomet the 

Jon of Geber, and Muhamedes AraBenfis. He made af- 
tronomical obfervations at Antioch, and at Racah or 
Aradla, a town of Chaldea, which fome authors call a 
town of Syria or of Mefopotamia. He is highly fpo- 
ken of by Dr Halley, as Kir admirandi acuminis, ac in 
admini/lrandis obfer nation thus exercitatijfmus. 

Finding that the tables of Ptolemy were im per fed, 

he computed new ones, which were long ufed as the 
bell among the Arabs : thefe were adapted to the me¬ 
ridian of Ara&a or Racah. Albategni compofed in 
Arabic a work under the title of "The Science of the 
Stars, rompriiing all parts of aftronomy, according to 
his own obfervations and thofe of Ptolemy. This work, 
tranflated into Latin by Plato of Tibur, was publifhed 
at Nuremberg in 15 3y, with fome additions and de- 
monftrations of Regiomontanus; and the fame was re¬ 
printed at Bologna in 1645, with this-author’s notes. 
Dr Halley dete&ed many faults in thefe editions.— 
Phil. Tranf for 1693, N°204. 

In this work Albategni gives the motion of the fun’s 
apogee fince Ptolemy’s time, as well as the motion of 
the liars, which he makes one degree in 70 years. He 
made the longitude of the liril liar of Aries to be 180 
2f; and the obliquity of the ecliptic 230 35'. And up¬ 
on Albategni's obfervations were founded the Alphon- 
fine tables of the moon’s motions; as is obferved by 
Nic. Muler, in the Tab. Frifica, p. 248. 

ALDERAIMIN, a liar of the third magnitude, in 
the right fhoulder of the conftellation Cepheus. 

ALFRAGAN, Alfergani, or Fargani, a cele¬ 
brated Arabic aftronomer,who flourished about the year 
8co. He was fo called from the place of his nativity, 
Fergan, in Sogdiana, now called Maracanda, or Samar- 
cand, anciently a part of Badtria. He is alfo called 
Ahmed (or Muhammed) ben-Cothair, or Katir. He 
wrote the Elements of Aftronomy in 30 chapters or 
fe&ions. In this work the author chiefly follows Pto¬ 
lemy, ufing the fame hypothefis, and the fame terms, 
and frequently citing him. Of Alfragan’s work there 
are three Latin tranflations, of which the tall and bell 
was made by Golius, profeflor of mathematics and 
oriental languages in the univerlity of Leyden. This 
tranllation, which was publifhed in 1669, after the 
death of Golius, is accompanied with the Arabic text, 
and with many learned notes on the firft nine chapters, 
w hich would undoubtedly have been carried to the end, 
had the tranflator lived to complete his plan. 

ALGORAB, a fixed ftar of the third magnitude, 
in the right wing of the conftellation Corvus. 

ALHAZEN, an Arabian aftronomer, whoflourifh- 
ed in Spain about the beginning of the 12th century. 
See Astronomy, n° 6. Encycl. 

ALMAMON, was a philofopher and aftronomer, 
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who, in the beginning of the 9th century, afcended the Almamo^ 

throne of the caliphs of Bagdat. He was the fon of A*oe- 
Harun Al-Rafhid, and grandfon of Almanfor. His v e 
name is otherwife written Mamony Almaon, . llmamuny 
Alamoun, or Al-Maimon. Having been educated with 
great care, and with a love for the liberal fciences, lie 
applied himfelf to cultivate and encourage them in his 

own country. For this purpofe he requefted the Greek 
emperors to fupply him with fuch bookaon philofophy 
as they had among them; and he colle&ed fkilful inter¬ 
preters to tranflate them into the Arabic language. 
He alfo encouraged his fubjedls to ftudy them ; fre¬ 
quenting the meetings of the learned, and afiifting at 
their exercifes and deliberations. He caufed Ptolemy’s . 
Almageft to be tranflated in 827, by Ifaac Ben-honain, 
and Thabet Ben-korah,according to Herbelot, but, ac¬ 
cording to others, by Sergius, and Alhazen the fon of 
Jofeph. In "his reign, and doubtlefs by his encourage¬ 
ment, an aftronomer of Bagdat, named Habafh, com¬ 
pofed three fets of aftronomical tables* 

Almamon himfelf made many aftronomical obferva¬ 
tions, and determined the obliquity of the ecliptic to 
be then 230 35' (or 23° 33'in fome manuferipts), but 

Voflius fays 230 51' or 230 34k He alfo caufed ikilfnl 
obferveTS to procure proper inftruments to be made, 

and to exercife themfeives in aftronomical obfervations; 
which they did accordingly at Shemafi in the province 
of Bagdat, and upon Mount Cafms near Damus. 

Under the aufpices of Almamon alfo a degree of the 
meridian was meafured on the plains of Sinjar or Sind- 
giar (or, according to fome, Fingar), upon the borders 
of the Red Sea ; by which the degree was found to 

contain 56^- miles, of 4000 coudees each, the coudee 
being a foot and a half: but it is not known what foot 

is here meant, whether the Roman, the Alexandrian, or 
fome other. Riccioli makes this meafure of the degree 
amount to 81 ancient Roman miles, which value an- 
fwers to 62,046 French toifes ; a quantity more than 
the true value of the degree by almoft one-third, pe¬ 
nally, Almamon revived the fciences in the Eaft to fuch' 
a degree, that many learned men were found, not only 
in his own time, but after him, in a country where the 
ftudy of the fciences had been long forgotten. This 
learned king died near Tarfus in Cilicia, by having 
eaten too freely of fome dates, on hia return from a mi¬ 
litary expedition, in the year 833. 

ALOE dichotom a, in botany, called by the Dutch 
Kooker-boom or Quiver tree> is a native of the fouthern 
parts of Africa, and feems to be a fpecies of the Aga¬ 

ve or American aloe (fee Agave, Encycl.) It is thus 
deferibed by Le Va ill ant in his New Travels into 
the Interior Parts of Africa : “ The aloe dicholoma rifes 
to the height of 25 or 30 feet ; its trunk is frnooth, 
and the bark white. When young, and the trunk not 
more than four or five feet long, it terminates with a> 
Angle tuft of leaves, which, like thofe of the ananas,, 
fpread and form a crown, from the midft of which all", 
its flowers iflue. As it grows older, it puflies out late-- 
ral branches, perfectly regular and fymmetrical, each of 
which has at its extremity a crown fimilar to that of 
the young plant*. The kooker-boom thrives much bet¬ 
ter on mountains than in the plain. Inftead of long 
roots penetrating deep into the earth, like thofe of other 
trees, it has but a very flight one by which it is- fixed 

to the foil. Accordingly, three inches of mould are 

fufEcientv 
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Ake, fufficient to enable it to grow upon the very rocks, and 

A’phonfus. attain its utmod beauty ; but its root is fo feeble a fup- 

’-v-port, that I could throw down the larged with a fingle 
kick of my foot. The hordes on the wed make their 
quivers of the trunk of this tree when young, whence 

is derived the name given it by the planters.” 
It becomes not us, fitting in our chamber, to contro¬ 

vert a fad in natural hiftory, of the reality of which we 
never had an opportunity of judging ; nor would it be 
proper, on account of our own fcepticifm, to fupprefs 
the narrative of a traveller, who corrcAs the'narratives 

of former travellers in terms which nothing fliould have 
didated but the confcioufnefs of his own invariable ve¬ 
racity. Yet we hope to be pardoned for expreffing our 
furprife that, in any part of the world, trees fliould be 
found in great numbers 25 or 30 feet high, and (hoot¬ 
ing out many branches, which have yet fo loofe a hold 
of the ground, that the larged of them may be thrown 
down by the fingle kick of a man’s foot. The reader’s 
furprife will probably equal our’s, when he is informed 
that the author faw one of thefe trees of which the 
trunk was ten feet four inches in circumference, whild 
its branches overdiadowed a fpace of more than 100 
feet in diameter ! This tree he affures that lie could 
have kicked over. The country, according to his ac¬ 
count, is not exempted from dorms. He is liimielf a 
French philofopher. What a pity then is it that he did 
not explain to thofe, who have not had the benefit of 
being enlightened in that feliool, upon what principle 
of mechanics or datics the tree could redd the violence 

of the elements till it arrived at fo enormous a fize ? 
ALPHONSUS X king of Leon and Caftile (fee 

EncycL) This prince underdood adronomy, philofo- 

phy, and hiftory, as if he had been only a man of let¬ 
ters ; and compofed books upon the motions of the 
heavens, and on the hidory of Spain, which are highly 
commended. “What can be more furprifing (fays 
Mariana), than that a prince, educated in a camp, and 
handling arms from his childhood, fliould have fuch a 
knowledge of the dars, of philofophy, and the tranfac- 

' tions of the world, as men of leifure can fcarcely ac¬ 
quire in their retirements? There are extant fome books 
of Alphonfus 011 the motions of the dars, and the hif¬ 
tory of Spain, written with great (kill and incredible 
care.” In his adronomical purfuits he difeovered that 
the tables of Ptolemy were full of errors ; and thence 
he conceived the fird of any the refolution of corre<5P 
ing them. For this purpofe, about the year 1240, and 
during the life of his father, he adcinbled at Toledo the 

mod fkilful aftronomers of his time, Chridians, Moors, 
and Jews, when a plan was formed for condru&ing new 
tables. This talk was accompliflied about 1252, the 
fird year of his reign; the tables being drawn up chief¬ 
ly by the fkill and pains of Rabbi Ifaac Hazan, a learn¬ 
ed Jew, and the work called the Alphonjine Tables, in 
honour of the prince, who was at vad expences con¬ 
cerning them. He fixed the epoch of the tables to 

the 30th of May 1252, being the day of his accedion 
to the throne. They were printed for the fird time 
in 1483, at Venice, by Radtoldt, who excelled in 
printing at that time. This edition is extremely rare : 

there are others of 1492, 1521, 1545? &c. 
In the Encyclopaedia it is faid, that the charge of 

impiety brought againd this prince was unjujl. This 

was faid too confidently, becaufe we know not of any 
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dired proof of his innocence. All that has been faid Alphonfu* 
for him by Dr Hutton, one of his aided apologifts, Alj|u^e# 
amounts to nothing more than a high degree of proba- > ._> 
biiity that the charge was carried by much too far. 
The charge itfelf was, that Alphonfus affirmed, “that 
if he had been of God’s privy-council when he made 
the world, he would have advifed him better.” Ma¬ 
riana, however, fays only in general, that Alphonfus 
was fo bold as to blame the works of Providence, and 
the condru&ion of our bodies ; and he fays that this 
dory concerning him reded only upon a vulgar tradi¬ 
tion. The Jefuit’s words are curious : “ Emanuel, the 
uncle of Sanchez (the fon of Alphonfus), in his own 
name, and in the name of other nobles, deprived Al- 
phonfus of his kingdom by a public fentence ; which 
that prince merited, for daring feverely and boldly to 
cenfure the works of Divine Providence, and the con- 
ftru&ion of the human body, as tradition fays he did. 
Heaven mod judly puniflied the folly of his tongue.” 
Though the filence of fuch an liiftorian as Mariana, in 
regard to Ptolemy’s fydem, ought to be of fome weight, 
yet we cannot think it improbable, that if Alphonfus 
did pafs fo bold a cenfure on any part of the univerfe, 
it was on the celedial fphere, and meant to glance upon 
the contrivers and fupporters of that fydem. For, be- 
fides that he dudied nothing more, it is certain that at 
that time adronomers explained the motions of the 
heavens by intricate and confufed hypothefes, which 
did no honour to God, nor any wife anfwered the idea 
of an able workman. So that, from eonfidering the 
multitude of fpheres compufmg the fydem of Ptolemy, 
and thofe numerous eccentric cycles and epicycles with 
which it is embarraffed, if we fuppofe Alphonfus to 
have faid, “ that if God had afked his advice when he 
made the woild, he would have given him better coun- 
fel,” the boldnefs and impiety of the cenfure will be , 
greatly diminiflied. 

Such is the apology made by Dr Hutton for this 
royal aitronomer of Spain; and we hope, for the honour 
of fcience, that it is well founded. Still it leaves Al¬ 
phonfus guilty of great irreverence of language, which 
is to 11s wholly unaccountable, if it be really true that 
he read the Bible fourteen times. We have feen im¬ 
piety indeed break out lately from very eminent adro¬ 
nomers of a neighbouring nation ; but thefe men read 
not the Bible, nor any thing elfe, but the dreams of 
the eternal fleepers. 

ALTERNATE angles. See Geometry (£«- 

ejel.). Part I. 35. . . , . 
Alternate Ratio, or Proportion, 13 the ratio ot the 

one antecedent to the other, or of one confequent to 
the other, in any proportion, in which the quantities 
are of the fame kind. So if A : B : : C : D, 
then alternately, or by alternation A : C : : B : D. 

ALTITUDE, Parallax of, is an arch of a ver¬ 

tical circle, by which the true altitude, obferved at the 

centre of the earth, exceeds that which is obferved on 

the furface. See Parallax (EncycL) and Astro¬ 

nomy (SuppL) 
dltitudr ojthe NonagefimaL is the altitude of the 

90th degree of the ecliptic, counted upon it from where 
it cuts the horizon, or of the middle or highed point 
of it which is 3bove the horizon, at any time ; and is 
equal to the angle made by the ecliptic and horizon 
where they interfeft at that time. 

Altitude 
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AtfUude, d&nrvDE of the Cone of the Earth's or Moon's Sha- 

Alum. clQ!Wf the height of the fhadow of the body made by 

Lf~v~^the fun, and meafured from the centre of the body. 
To find it fay, As the tangent of the angle of the 
fun’s apparent femidiameter is to radius ; lo is 1 to a 

fourth proportional, which will be the height of the 

fhadow in femidiameters of the body. 
ALUM is a fait fo ufeful in commerce and the arts, 

that the knowledge of its component parts, and of the 
beft method of preparing it, mud be of importance. In 
the article Chemistry (EncycL), the opinions which 
were then held refpe&ing its compofition, and the prac¬ 
tice which was generally followed in its preparation, 
have been detailed at full length ; but fome of thefe 
opinions have fince been controverted, and if they be 
erroneous, it mud be expedient to vary in fome degree 
the mode of preparation. In particular, the opinion 

that it is merely an excefs of acid which prevents the 
formation of alum by evaporation of the ley, has been 

fhovvn to be falfe by Citizen Vauquelin, who contends, 
of courfe, that the addition of putrid urine to the ley 

is a very bad pradlice. 
This eminent chemid had long fufpe&ed, that the 

crydallization of alum is not prevented by an excefs 
of acid, and that pot-afh is not of ufe fimply to fa- 
turate this acid, but to perform an office of more 
importance. To bring his fufpicions to the ted of 
experiment, he didolved very pure Alumine in ful- 
phuric acid of equal purity, and evaporated the di¬ 
lution to drynefs, for the purpofe of expelling the 
fuperabundant acid. He then rediffolved the dry and 
pulverulent refidue in water, and reduced the dilution 
to different degrees of fpecific gravity, with a view to 
feize the point mod favourable to cry dallization ; but 
with every poffible precaution he could obtain nothing 
but a magma (fee Magma), formed of faline plates, 
without confidence or folidity. This dilution, how¬ 
ever, though it condantly refufed to afford crydallized 
alum alone, afforded it immediately by the addition of 
a few drops of the dilution of pot-afh ; and as he had 
employed thefe two fubdances in the requiiite propor¬ 
tion, the red of the dilution, to the very end, afforded 
pure alum, without any mixture of fulphat of pot- 
afh. 

Into another portion of the fame dilution of pure 
alumine, he dropped the fame quantity of carbonat of 
foda as he had added of that of pot-afh to the former ; 
but no crydallization was formed, even by the help of 
evaporation, nor did lime and barytes poduce anv bet¬ 
ter effedl. But if the common opinion that pot-afh, in 
the formation of alum, is of ufe only to abdradl the 
excefs of acid, be true, foda, lime, barytes, and all the 
fubdances which by a more powerful force would take 
this acid from alum, ought to give the fame refult. 
Another argument prefented itfelf, which feemed de- 
cifive : If the alkalies, pot-afh, and ammoniac, do no¬ 
thing more than unite to the fuperabundant acid of the 
alum, the fulphats of pot-afh and of ammoniac ought 
not to occafion any change in pure alum in its acidula¬ 

ted date; whereas if thefe alkalies enter as a condituent 
part into the alum, and are neceffary to its exidence, 
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they ought to produce the fame effe&s as pure pot-afh Alum, 

or ammoniac. He therefore added to a third portion 

of the folution of fulphat of alumine before-mentioned 
fome drops of the folution of fulphat of pot-afh; imme¬ 
diately upon which octahedral cry dais of alum were form- 
ed. The fulphat of ammoniac prefented the fame effeCt. 

This refult gave dill greater confirmation to his iird 
notions, though it did not yet afford a demondratiou 
perfectly without objection; for it might have happen¬ 
ed that the two falts he made life of might.determine 
the crystallization of the alum, limply by abforbing the 
fuperfluous acid, of which they are very greedy ; but 
to determine this poffible faCt, he mixed in the uncry- 
dallizable folution of alumine fome fulphat of pot-afh 

with excefs of acid, and obtained a crydallization 110 
lefs abundant than with the neutral fulphat of pot-afh. 

This lad experiment leaves therefore no doubt with 
regard to the influence and mode of adlion of pot-afh 
and ammoniac in the fabrication of alum ; and this ac¬ 

tion is dill more drongly confirmed by the examination 
of the alums which have been formed by the proceffes 
above related; for in this manner it is proved that they 
contain confiderable quantities of the-fulphats of pot- 

afh and ammoniac. 
Thefe experiments led M. Vauquelin to an examina¬ 

tion of the different alums of commerce, of which he 
found not one that did not aft'ord fulphat of pot-afh, 
or of ammoniac, or of both. His methods of analyiia 
are very accurate; but to detail them at length would 
fwell this article to little purpofe. To fuch of our 
readers as are not chemids they would hardly be in¬ 
telligible ; and the experienced chemid will devife me¬ 
thods of analyfis for himfelf. It may be proper, how¬ 
ever, to obferve, that M. Vauquelin proved, to his own 
fatisfa&ion, that the fulphat of pot-afh, or of ammo¬ 
niac, is neceffary to render alum capable of being pre¬ 
cipitated by its earth, or to caufe it to pafs, as it were, 

to the earthy date(A). He proved likevvife, that inch 
aluminous waters as do not contain pot-afh, may re¬ 
main, as long as may be defired, on their materials, 
without being faturated with too great a quantity of 
earth, or differing alum to precipitate. 

From the whole of his experiments our author drew 
the following conclufions, which he confiders as of im¬ 
portance to the arts, to chcmidry, and to natural hi- 

dory. 
1. It is not, at lead in the greated number of cir~ 

cumdances, the excefs of acid which impedes the cry¬ 
dallization of alum, but it is the want of pot-afh or 
ammoniac : For it is difficult to imagine that the ful- 
phurie acid could remain difeng3ged after fo long re¬ 
maining upon alumine in a date of extreme divifion,. 
and always fuperabundant. It is true that the alumi¬ 
nous waters redden the vegetable tin&ures; but this 
property is not owing to a difengaged acid. This por¬ 
tion of acid is a condituent part of thefe waters ; and 
it appears to have more affinity with the neutral ful¬ 

phat of alumine than with a new quantity of this earth, 
at the temperature of the atmofphere. 

2. The fulphat of pot-afh may be ufed, as well as 
pure pot-afh, to caufe the crydallization of alum. It 

even. 

(A) ™a7.ke Proper to notice, that Scheele feems to have known this long before, and that he mentions it 
exprefsly m his paper on Pyrofhorus* 
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Alum, even has the advantage over the latter fait, becaufe if 

the aluminous waters do not really contain a difengaged 
acid, the pot-afh, in its combination, will precipitate a 

portion of alumine, and diminifh the product of the 
boiling ; whereas the fulphat of pot-afh does not pro¬ 
duce the fame effeCl ; but if the lixiviums contain dif¬ 
engaged acid, which muft very feldom be the cafe, it is 
not converted into alum by the fulphat of pot-afh, and 

is loft with regard to the product. Our author there 
fore is of opinion, that when the waters really contain 
an excefs of acid, or a very oxided fulphat of iron, the 
ufe of pot-afh is preferable to that of the fulphat of 
pot-afh. But when economy is an objeCl, that in ma¬ 

ny places it would be profitable to ufe the fulphat of 
pot-afh ; becaufe it is a fait indiredly produced in 
many manufactories, where of courfe it may be ob¬ 
tained for nothing. In particular, the refidues of the 
diftillation of aquafortis by the fulphuric acid would 
be excellent for this operation, and much preferable to 
putrid urine, becaufe this fluid always contains phof- 
phoric falts, which decompofe a portion of the fulphat 

of alumine, and confiderably diminifh the produCl- 
3. Alumine cannot be ufed in the treatment of mo¬ 

ther waters, as Bergman propofes. This earth is in¬ 
capable of favouring the cryftallization of alum, be- 

fides which, it decompofes a portion of alum by the 
afiifiance of ebullition ; in which circumftance it feizes 
the acid neceffary to its folution, and precipitates it in 
the form of that powder which is called alum fatura- 

ted with its earth. 
4. Many alum ores muft naturally contain pot-afh, 

becaufe perfeCt alum is often obtained from the firft 
cryftallization’ of new alum waters without the addi¬ 

tion of this alkali. It is true that an obje&ion may be 
made with regard to the wood ufed in calcining thefe 
ores, which may be fuppofed to have furnifhed the al¬ 
kali ; but it is not probable that the fmall quantity of 
wood employed, in companion to the quantity of ore 

and the alum it affords, could fupply enough of pot- 

afh for the cryftallization. 
5. All the earths and ftones which have given, or 

(hall hereafter afford, by analyfis with the fulphuric 
acid, perfeCl alum without addition of pot-afh, muft 
contain this alkali naturally. For it is well proved, that 
alum cannot exift without pot-afh or ammoniac; and as 
there is little probability that this laft fhould be found 
combined in earths or ftones, unlefs perhaps in very rare 

cafes, we may almoft conftantly be affured, when alum 
is obtained from any of thefe fubftances, that its for¬ 
mation was effected by pot-afh. The quantity of alum 

will immediately (how in what proportion this alkali 

txifted in the fubftances analyfed. 
6. The alum of commerce ought not to be confider- 

ed as a fimple fait, but as a combination in the flate 
of a triple and fometimes quadruple fait of fulphat of 
alumine, fulphat of pot-afh, or of ammoniac. Among 
thefe laft we may diflinguifh two fpecies; the one 
without excefs of acid, infoluble in water and infipid, 
being what is improperly called alum faturated with its 
own earth; and the other, which contains an excefs of 
acid foluble in water, very fapid and aftringent, is the 

common alum. 
There is likewife a pure fulphat of alumine, very 

aftringent, very difficult of cryftallization, in the form 

of brilliant pearl-coloured plates without confiftence, 
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and which cannot be rendered infoluble by the addition 
of a new quantity of its bafe. This laft fait may with 
the greateft propriety be called the fulphat of alumine. 

7. It follows from the comparative analyfis, and the 
knowledge acquired refpe&ing the different ftates of 
the combination of alumine with the fulphuric acid 
united at the fame time with other bales, that we muft 
diflinguifh feven ftates in this combination, and that it 
is neceffary to exprefs them according to the rules of 
the methodical nomenclature. Here follow the feries, 

the nature, and the names of thefe feven fulphats of 

alumine. 
1. Sulphat of alumine, or the artificial combination 

of fulphuric acid and alumine. This fait is aftringent; 
it cryflallizes in laminae or flexible leaves, foluble in wa¬ 
ter. It has never been deferibed nor named by che- 
mifts. 2. Acid fulphat of alumine is the foregoing 
fait, with excefs of acid, from which it differs by red¬ 
dening blue vegetable colours. It is eafily made by 
diffolving that fait in the fulphuric acid, but it is not 
eafy to convert this into the neutral fulphat of alumine 
but by boiling it a long time with its earth. This fait, 
like the firft, has not been deferibed. 3. Saturated 
fulphat of alumine and of pot-afh is the alum of the 
chemifts faturated with its earth. It is pulverulent, 
infipid, infoluble, not cryftallizable, and is eafily con¬ 
verted into true alum by the addition of fulphuric acid* 
4. The acid fulphat of alumine and of pot-afh greatly 
refembles common alum, and is eafily prepared chemi¬ 
cally ; but M. Vauquelin found no alum but that of 
La Tolfa, which is exa&ly of the fame nature with it, 
5. The acid fulphat of alumine and of ammoniac has 
all the properties of alum, and may be ufed for the 
fame purpofes ; but though it is eafily made in the la¬ 
boratories, our author never found it pure in commerce. 
6. The acid fulphat of alumine, pot-afh, and ammo¬ 
niac. It is remarkable enough, fays M. Vauquelin, 
that this fhould be the nature of the alum moft fre¬ 
quently made in the arts, and that to exprefs its com¬ 
bination fo many words fhould be neceffary. This, 
however, may be avoided, by referving the name of 
alum to this fubftance, which will be fufficient to di- 
ftinguifh it perfectly. 7. The acidulous fulphat of 
alumine and of pot afh, our author fays, he is lefs ac¬ 
quainted with than with the preceding feries. The 
name by which he characterizes it was fuggefted to 
him, and he thinks it proper, becaufe by adding to the 
folution a fmall quantity of pot-afh more than is ne¬ 
ceffary to obtain octahedral cryftals, it manifeftly paftes 

to the cubic form. 
From thefe deductions, the phyfician, the chemift, 

and the manufacturer, with whom the ufes of alum are 

greatly multiplied, will hereafter poffefs a knowledge of 
the fubftance they employ, and may appreciate its ef- 
feCts on the animal economy, and other bodies to which 

it is fo frequently applied. See Annales de Chimiey xxii. 
258, and Nicholfon's Journals Vol. I. p. 318, &c. 

ALUMINE, one of the fimple earths. See Che¬ 

mistry in this Supplement. 
AMICABLE numbers have been defined, and the 

firft pair of them given in the Encyclopaedia. The fe- 
cond pair of amicable numbers are 17296 and 18416; 

and the third pair are 9363584. and 9437056. 
Dr Hutton informs us, that thefe three pairs of ami¬ 

cable numbers, with the properties from which they re¬ 
ceive 

‘Alum 
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Amicable, celve their name, were found out by F. Schooten, as 

AMS 
^VXVV utvu V V *-> J * « V' V. . * w w w. w w , v.v, 

Amfter- appears from Se£R ix, of his Exercitatio?ies Mathematics. 
dara. £n(j tjie paI*r> pUt8 an(j or a*x and 

cpyz for the two numbers, where a~2 ; then making 

each of thefe equal to the fum of the aliquot parts of 

the other, gives two equations, from which are found 

the values of x and z, and confequently, afluming a pro¬ 

per value for jq the two amicable numbers themfelves 

4* and ^y%. 
In like manner for the other pairs of fuch numbers ; 

in which he finds it neceftary to aflume i6x and jfiyz;, 

or a^x and aAyz for the fecond pair, and 128* and 

12§yz or aix and dJyz for the third pair. 

Schooten then gives this pra&ical rule, from Def- 

cartes, for finding amicable rules, viz. aflume the num¬ 

ber 2, or fome power of the number 2, fuch that if uni¬ 

ty or 1 be fubtra&ed from each of thefe three following 

quantities, viz. from 3 times the afiumed number, alfo 

from 6 times the afiumed number, and from 18 times 

the fquare of the afiumed number, the three remainders 

may be all prime numbers; then the laft prime number 

being multiplied by double the afiumed number, the 

product will be one of the amicable numbers fought, 

and the fum of its aliquot parts will be the other. 

That is, if a be put z= the number 2, and n fom 

integer number, fuch that 3a0—1, and 6cp—i, and 

—1 be all three prime numbers; then is i8fl2n — 1 

, X2an one of the amicable numbers; and the fum of its 

aliquot parts is the other. 

AMSTERDAM and St Paul, are two ifiands in 

the South Sea, lying in the fame degree of longitude, 

and generally confounded with each other. The Dutch 

navigators have given the name of Amjlerdam to the 

northern, and of St Paul to the fouthern ifiand, and 

Captain Cook conforms to that appellation. Moll 

other Engli/h navigators, and particularly Mefirs Cox 

and Mortimer, with Sir George Staunton, reverfe the 

names, calling the fouthern ifiand Amfterdam, and the 

other St Paul. At this fouthern ifiand the Lion man 

of war itopped on her voyage to China with Lord Ma¬ 

cartney, the late ambaffador to the court of Pekin, 

which gave an opportunity to the men of fcience in the 

train of the ambaffador to examine the ifiand with more 

fkill and attention than probably it had ever been exa¬ 

mined before. 

Dr Gillan, who was appointed phyfician to the em- 

bafiy, as well for his knowledge of chemiftry as for his 

medical fkill, is confident that the ifiand of Amfterdam 

is the produdl of fubterraneous fire, as it bears in every 

part of it evident marks of volcanic eruption. “ On 

the weft and fouth-weft fides (fays he) there are four 

fmall cones regularly formed, with craters in their cen¬ 

tres, in which the lava and other volcanic fubftances 

have every appearance of recent formation. The heat 

continues ftill fo great, and fuch a quantity of elaftic 

vapours iflues through numberlefs crevices, that there 

can be no doubt of their having been very lately in a 

ftate of eruption. In a thermometer placed upon the 

furface, the quickfilver, rofe conftantly to 180 degrees, 

and when funk a little into the afhes, it advanced to 212 

degrees. It certainly would have rifen ftill higher; but 

the fcale being graduated only to the point of boiling 

water, and the length of the tube proportioned to that 

extent, the thermometer was immediately withdrawn, 

left the inereafing expansion of the quickfilver /hould 
Suppl.Vol.I, Parti, 
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b'lr^ tbe goaf’s. The ground was felt tremulous under 

the feet; a Hone thrown violently upon it returned a 

hollow found ; and the heat was fo intenfe for a con- ' 

liderable diflance around, that the foot could not he 

kept for a quarter of a minute in the fame polition with- 

out being fcorched. But the great crater on the eaft- 

ern fide, now full of water, is by far the larged here, 

or perhaps elfewhere, and is of an adonifhing fize, con- 

fiderably exceeding in diameter thofe of Etna or Vefu- 

vius. The quantity of matter to be thrown up, which 

required fo wide an orifice for its paffage, and the force 

with which fuch matter was impelled, in order to over¬ 

come the refidance of the fuperincumbent earth and 

fea, mud have been indeed prodigious. 

“ This vad crater, according to the ufual method of 

computing the antiquity of volcanoes, mud have been 

formed at a very remote period. The lava all around 

its (ides is much decompofed, and has mouldered into 

dull, which lies on the furface in many parts to a ccn- 

liderable depth. The decompofition has fupplied a ricl, 

loti lor the long grafs growing on the Tides of the era 

ter, and has even fpread over molt parts of the ifi.r 

I'he fibrous roots of the grafs, extending in all dit 

tions through the decompofed lava and volcanic a fin 

and mixed in a decaying date with the vegetable mould’ 

produced from the annual putrefaftion of the leaves 

and dalks, have,formed a layer of foil feveral feet deco 

all over the ifiand. But as it has nothing except its 

own weight to comprefs it together, it is of a light 

fpongy texture, with very little cohefion, and in many 

places furrowed and interfeded by the fummer rains, 

and the torrents occafioned by the melting of the fnow 

which lies upon it in the winter, from three to four 

feet thick, in all thofe places where the fubterraneous 

heat is not great enough to prevent its accumulation, 

in lome parts thefe furrows and cavities are deeper than 

the level of the common channel ; hence they ferve the 

purpofe of fmall natural refervoirs. The water flows 

into them from all the neighbouring ground ; and as 

eir lides are /haded, and almoft covered over by the 

leaves of the long grafs, growing from their edges ft, 

oppohte diredions, the rays of the fun are excluded, 

and very little is lod by evaporation. Thefe refervoirs 

however, are very fmall, and but few in number , the’ 

largeft could not contain more than three or four bogf. 

heads of water; and there is none elfe to be found 

except m the fprings on the fides of the large crater. ’ 

fllI Tbe fo.1 everywhere being light and fpongy, and 

full of holes, formed in it by fea-b.rds for nefts, is very 

troublefome to walk upon; the foot breaks through the 

furface, and finks deep at every ftep ; a circumftance 

which rendersi the journey acrofsthe ifiand uncommonly 

fatiguing, although it be fcarcely three miles from the 

euge of the great crater to the oppof.te weft fide. 

I here is one place near the centre of the ifiand ex 

tendmg about 200 yards in length and fomewhat left in 

breadth, where particular caution is neceflary in walking 

over it. from this foot a hot frelh fpring is fuppofed 

to derive its fource, hnding its way through the inter- 

ft.ces of the lava to the great crater, and burfting out 

a little above the water covering its bottom. The 

heat in this upper fpot is too great to admit of vegeta- 

tion. The furface is covered with a kind of mud or 

pafte formed from the aihes, moiftened by fleam con. 

ftantly nfing from below. When the mud is removed, 

B the 
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wards of four miles, its breadth from eaft to weft about 

two miles and a half, and its circumference eleven miles, 

comprehending a furface of about eight fquare miles, 

or 5120 acres, almoft the whole of which is covered 

with a fertile foil. The ifland is inacceffible except on 

the eaft fide, where the great crater forms a harbour, 

AMS [ 
the vapour iffues forth \vith violence, and in fome parts 

copioufly. This mud is fo hot, that a gentleman who 

‘'inadvertently ftepped into it had his foot feverely 

fralded bv it. The fame caufes which have prevented 

vegetation on this fpot, have had the fame effeft on the ___ 

four Xfmily'rnor is there the lead appearance the entrance’to which is deepening annually, and might 
vered witli aines omy , . . f 4ir*' 1 uv aid of art be made fit for the paffage of large 
even of mofs on the furrounding lava. for the P™*™- by the »do:jrt ^ ^ ^ ^ ^ ^ ^ of 

Amfter* 
dam. 

tion of which there does not appear to have elapied a 

fufficient length of time fince the cones were formed : 

but this is not the cafe with the lava of the great pri¬ 

mary crater ; for in thofe parts of it where the edges 

are more perpendicular, and where eoufequently the 

mouldering decompofed earth, having no balls to iup- 

port it, Hides down the fides of the rock, pretty long 

mofs was generally found growing upon it. All the 

fprings or refervoirs of hot water, except one only, were 

brackilh. One fpring derives its fource from the high 

ground and ridges of the crater The water in it, ,n- 

dead of boiling upwards through the Hones and mud, 

as in the other fprings, flows downward with a confider- 

able velocity, in a fmall collefted dream. Its tempera, 

tore has been found not to exceed 112 degrees, rhe 

hand could be eafily kept in it fora considerable time. 

It is a pretty drong chalybeate. The fides of the rock 

whence it iffues, and of the cavity into which it tails, 

are incruded with ochre depofited from it. 

“ When the great crater is viewed from the high 

around, it appears to have been originally a pet-fed 

circle, but to have been encroached upon by the fea on 

the eadern fide, where the flood tide llrikes vmlently. 

The rocks of lava which formed the edge of the crater 

on that fide have fallen down. The depth of the wa¬ 

ter in the crater is about 170 feet, rendering the whole 

height of the crater, from the bottom to its upper ridge, 

nearly if not quite 900 feet. The lofty rocks forming 

this ridge are the highed parts of tte ifland, which 

feems to have been originally produced by the melted 

lava flowing down on all fides from hence. Thus there 

is a gradual flope from the edges of the crater to the 

fea ; and the lava, though very irregular, and ly ing in 

mixed ruin and confufion immediately around the cra¬ 

ter, affumes a more uniform appearance at fome diftance, 

layer veiling regularly upon layer, with a gradual decli¬ 

vity the whole way down to the fea. rIhis difpofition 

of the layers is particularly obfervable nr the weft fide, 

where they happen to terminate in an abrupt precipice. 

The eruptions that took place at different periods ap¬ 

pear here diftinaiy marked by the different layers that 

are found with regular divifions between them ; the 

fhips. The tides run in and out at the rate of three 

miles an hour, and rife perpendicularly eight or nine 

feet on the full and change of the moon ; a northerly 

wind making the higheft tide. The water is eight or 

ten fathoms deep clofe to the edge of the crater; and 

in the bafon formed by the crater itfelf, the variation 

of the compafs was found to be nineteen degrees and 

fifty minutes weftward of the north pole. 

O11 the ifland, which has no native inhabitants, were 

found three Frenchmen and two natives of England, 

who at the end of the American war had emigrated to 

Bolton. The whole live had come laft from the Ifleof 

France in the Indian Ocean, and had been left on the 

ifland of Amfterdam, about five months before the ar¬ 

rival of the Lion, for the purpofe of procuring a cargo 

of 25,000 feal-fkins for the Canton market, which, as 

they had already procured 8000, they hoped to com¬ 

plete in about ten months more. The veflel which 

brought them from the Ifle of France was gone to 

Nootka Sound, with a view of bringing a quantity of 

fea-otter fkins to China; and afterwards of calling for 

the cargo of feal-fkins at this place, to be carried to 

China likewife; proceeding thus alternately to Nootka 

and Amfterdam ifland as long as the owners fhould find 

their account in it. 

The feals, whofe fkins are thus an article of com¬ 

merce, are found here In greater numbers in the fum- 

mer than in the winter, when they generally keep in 

deep water, and under the weeds, which fhelter them 

from the inclemency of the weather. In the fummer 

months they come afhore, fometimes in droves of 800 or 

1000 at a time, out of which about 100 are deftroytd,. 

that number being as many as five men can fkin and 

peg down to dry in the courfe of a day. Little of the 

oil which thefe animals might furnifh is colle&ed, for 

want of calks to put it in ; part of the beft is boiled, 

and ferves thofe people inftead of butter. The feal of 

Amfterdam is the phoca urfina of Linnaeus. The fe¬ 

male weighs ufually from 70 to 120 pounds, and is 

from three to five feet in length, but the male is con- 

fiderably larger. In general they are not fhy : fome¬ 

times they plunge into the water inftantly upon any 

f'SllXltfb.ie, 0,., it the volcanic ateantl th,:-~k**rk, *„“"J 
lighter fubdances, and a layer of vegetable mould co 

vering the whole.” 
The ifland appears indeed in fuch a ftate of volcanic 

inflammation, that from the fhips decks at night were 

obferved, upon the heights of the ifland, feveral fives 

iffuing out of the crevices of the earth, more confider- 

able, but in other rtfpe&s refembling fomewliat the 

nightly flames at Pietra Mala, in the mountains between 

Florence and Bologna, or thofe neat Bradley in Lan- 

cafhire, occafioned by fome of the coal-pits having 

taken fire. In the day nothing more than fmoke could 

be perceived. 

The length of the ifland from north to fouth is up- 

pofture ; but the blow of a flick upon the nofe feemed 

fufficient to difpatch them. As the fkins alone were 

the obje&s wanted, the carcafes were left on the ground 

to putrefy at leifure, flrewed in fuch numbers a*to ren¬ 

der it difficult to avoid trading on them in walking 

along. The people thus employed were remarkable for 

the fqualor and filth of their perfons, clothes, and 

dwelling ; yet none of them feemed defirous of leaving 

the place before the bufinefs they came upon fhould be 

completed. vOne of them, an Englifhman, who had 

been a confiderable time upon the ifland on a former 

adventure, gave but an unfavourable account of the 

weather during the winter months^ which are always 
boifterous* 
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boifterous, with hail and fhow ; but in fummer he ac- tom of a vefTel full of water, to an eye placed in the Anaphora 

knowledged it to be very fine. ' air ; or the vault of the heavens, feen by refradlion An(j]rfon 

The fea fupplies this ifland with great varieties of through the atmofphere. ° 4 

excellent fifh, particularly a kind of cod, Which was ANAPHORA, in aflrology, the fecond houfe, or 

that part of the heavens which is 30 degrees from the 

horofeope.. The term anaphora is alfo fometimes ap¬ 

plied promifcuoufly to fome of the fucceeding houfes, 

a6 the yth, the 8th, and the nth. In this fenfe ana- 

equally relifhed whether frefh or falted. Cray fifh were 

in fiich abundance on the bar acrofs the entrance into 

the crater, that at low water they might be taken with 

the hand; and at the anchorage of the fhips, when baf- 

kets, in which were proper baits, were let down into phora is the fame as epanapkora> and (lands oppofed to 

the fea, they were in a few minutes drawn up filled cataphora. 

with cray fifh. This circumftance is the more extraor- ANASTROUS signs, in aftronomy, a name given 

dinary, that in the fame place were found abundance to the duodecatemoria, or the twelve portions of the eclip- 

of fharks and dog fifii of uncommon fize, which are tic, which the figns poflefled anciently, but have fince 

known to be fo voracious and fuch enemies to all other 

fifii. The bafon of the crater abounds with tench, 

bream, and perch ; and the perfon who with a hook 

and line has caught ary of thefe fifh in the cold water 

of the bafon, may with a flight motion of his hand let 

them drop into the adjoining hot fpring already men¬ 

tioned, in which they will be boiled and rendered fit patent for his invention, dated Feb. 1796 

for eating in the fpace of fifteen minutes. This 

deferted by the preceflion of the equinox. 

ANCHOR of a ship, is an inftrument which, as 

it is commonly made, has been fufficiently deferibed in 

the Encyclopaedia. An improvement, however, has 

been propofed on its conftru&ion by Mr James Stuard 

of the parifii of St Anne, Middlefex, who obtained a 

was 

often praftifed by the gentlemen of the embaffy, and 

furniflied them at once with a lingular amufement and 

a highly relifhed repaft. 

Of all the birds which frequent this ifiand, fo extra¬ 

ordinary in its origin, formation, and appearance, not 

one is common to the fame degree of latitude in the 

northern hemifphere. Of the larger kind were feveral 

fpecies of the albat>ofs ; on examining one of which, 

diftinguifhed by the name of exulans, it was found, that 

inflead of having only the rudiments of a tongue, as mon anchor ; and on this bend lie would have a fmall 

The whole of this invention confiils in making the 

anchor with one fluke or arm in (lead of two, and con¬ 

triving to load that fluke or arm in fuch a manner as to 

make it always fall the right way. With this view Mr 

Stuard would have the (hank of the anchor made very 

fhort, that it may cant the more when fufpended by the 

cable; and he would have the arm and it made of bars 

in one length, that there may be no fiioot or joining in 

the whole inftrument. The bend of the (hank and arm 

he would have rounded, and not angular as in the com- 

naturalifls generally fuppofe, it had one equalling half 

the length of the bill Another large bird is likewife 

common here, called the great black petrel, or procellarla 
equinoBialis of Linnaeus. It is the determined enemy 

of the albatrofs, as well as of the blue petrel of Amfter- 

dam, or procellaria forjleri. This blue petrel, which is 

about the fize of a pigeon, conflitutes the principal food 

of the feal catchers on the ifland. During the day-time 

they hide themfelves in the ground, in order to efcape, 

if poffible, their deftroyer the black petrel. At night 

they come abroad, and thence are termed night birds by 

the people at Amflerdam ; but being fond of flocking 

to any light, they fall into another fnare laid for them 

by the feal-catclien, who kindle torches to attradl them, 

and then kill them in multitudes. The prettied of the 

feathered tribe, inhabiting or vifiting Amfterdam, is the 

filver bird, or Jlerna hirundo, about the fize of a large 

fwallow or fwift, with a forked or fwallow tail. The 

bill and legs are of a bright crimfon colour, the belly 

white, and the back and wings of a bluifh afh colour. 

This bird fubfifts chiefly on fmall fifh, which it picks 

up as they are fwimrning over the furface of the water. 

This fingular ifland lies in 38°42/S. Lat. and in 

76° 54' E. Long, from Greenwich. St Paul’s, or the 

ifland lying in fight and to the northward, differed in 

appearance materially from Amfterdam. 

fhackle, or two plates with a fmall bolt between them, 

for the buoy-rope to be made fall to. Inftead of wood, 

he propofes for the flock of the anchor a bar of wrought 

iron, loaded or covered at the ends with knobs of cad 

iron ; and he would have the palm of the fluke or arm 

either to be compofed entirely of caft iron, or to be a 

cad iron fhell filled with lead. This weight of the palm, 

the fhortnefs of the (hank, and the itru&ure of the 

dock, wall no doubt make the anchor fall the right way ; 

which, having no upper fluke, will never be tripped by 

the cable taking hold of it on the (hip’s fwinging, nor 

will it prove fo dangerous as the common anchor to 

fuch veffels as may happen to ground by it. 

ANDERSON (Alexander), an eminent mathema¬ 

tician, was born at Aberdeen towards the end of the 

16th century. Where he was educated, or under what 

maflers, we have not learned ; probably he fludied the 

belles lettres and philofophy in the univerfity of his na¬ 

tive city, and, as was the pradlice in that age of all who 

could afford it, went afterwards abroad for the cultiva¬ 

tion of other branches of fcience. But wherever he 

may have ftudied, his progrefs in fcience mud have 

been rapid ; for, early in the i 7th century, we find him 

profeflbr of mathematics in the univerfity of Paris, 

where he publifhed feveral ingenious works; and among 

others, 1. Supplementum Apollonii Redivivt; Jive analy- It prefented , ^ _ __ ___ 

no very high land, or any rifing in a conic form ; and fis problematis ha Ben ns defderail ad Apollonii P erg at doc- 

feemed to be overfpread with fiirubs or trees of a mid- trinam Marino Ghetaldo Patritio Ragufmo 

dling hze. It was faid to abound with frefh water, hujufque, non ita pridem rejlitutam. In qua exhibetur mc- 
but to have no good anchorage near it, nor any place chanice aqualitatum tertii gradus five folidarum, in quibus 
or eaiy landing. Str George Staunton9s Account of an magnitudo omnino data, aquatut homogenea fub altero tan- 

^ Amapt Cljwa' tum coefficients ignoto. Huic fubnexa ejl variorum proble- 
ANALLASTIC curves, a name given by M. de matumpraBice, Paris, 1612, in 4to.—2. Pro 

Mairan to certain apparent curves formed at the bot- Zetetico Apolloniatii problematis a fe jam pridem edito in 

jB 2 fupplemento 
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Anderfon, Jupplemento Apollonii RedivivL Ad clarijjimum et orna- 
-Anhing'a. iijjimum tvirum Marinum Ghetaldum Patritium Ragufmum% 

Jn qua ad ea qua obiter mi hi perjlrinxit Gheta/dus refpon- 
detur, et analytices clarius detegiiur. Paris, 1615, in 

4to._3. Francifci Vida Fantenacenfis de JEquationum 
Recognitione et Emendatione Tradatus duo, with a dedi¬ 

cation, preface, and appendix, by himfelf. Paris, (615, 

in 4to._4. Vieta’s Angulares Sediones; to which he 

added demonftrations of his own. Our profeffor was 

coufin-german to Mr David Anderfon of Finfhaugh, a 

gentleman who alfo poffeffed a lingular turn for mathe¬ 

matical knowledge. This mathematical genius was 

hereditary in the family of the Anderfons; and from 

them it feems to have been tranfmitted to their de¬ 

fendants of the name of Gregory, who have for lo ma¬ 

ny generations been eminent in Scotland as profelfors 

either of mathematics, or, more lately, of the theory 

and practice of phyfic. The daughter of the David 

Anderfon juft mentioned, was the mother of the cele¬ 

brated James Gregory, inventor of the reflecting tcle- 

fcope ; and obferving in her fon, while yet a child, a 

ftrong propenfity to mathematical ftudies, fhe inftructed 

him in the elements of that fcience herfelf. From the 

fame lady defended the late Dr Reid of Glafgow, 

who was not lefs eminent for his knowledge of mathe¬ 

matics than for his writings as a metaphyfician. 

The precife dates of Alexander Anderfon’s birth and 

death, we have not learned either from Dempfter, 

Mackenzie, or Dr Hutton, who feems to have ufed 

every endeavour to procure information ; nor are fucli 

of his relations as we have had an opportunity of con¬ 

futing, fo well acquainted with his private hiftory as 

we expected to find them. 

ANHING^A, in ornithology, a fpecies of the peli- 

canus, confifts of four known varieties; two peculiar to 

America, one to Senegal, and the fourth to the region 

about the Cape of Good Hope. This laft is thus de¬ 

ferred by Le Vaillant in his New Travels into the In¬ 

terior Parts of Africa. 

“The denomination of Slange-Hals-Voogel, given to 

it by the Hottentots, charaaerifes the anhinga in a ve¬ 

ry iimple and accurate manner. Buffon,. who was 

ft ruck with the conformation peculiar to birds of this 

kind, has delineated them by a fimilar exprefiion. 

SP'Iate III- 4 The anhinga (fays he) exhibits a reptile grafted on 

the body of a bird.’ Indeed there is 110 perfon who, 

upon feeing the head arid neck only of an anhinga, 

while the reft of the body is hid jimong the foliage of 

the tree on which it is perched, would not take it for 

one of thofe ferpents accuftomed to climb and refide in 

trees; and the miftake is fo much the eafier, as all its 

tortuous motions Angularly favour the illufion. In 

whatever fituatioii the anhinga may be feen, whether 

perched on a tree, fwimming in the water, or flying hi 

the air, the moft apparent and remarkable part of its 

body is fure to be its long and {lender neck, which is 
continually agitated by an ofcillatory motion, unlefs in 

its flight, when it becomes immoveable and extended, 

and forms with its tail a perfectly ftraiglit and horizon¬ 

tal line 
“ The true place which nature feems to have afftgned 

to the anhingas, in the numerous clafs of the palmi- 

pedes, is exatly between the cormorant and the grebe. 

They partake indeed equally of both thefe genera of 

birds, having the ftraight {lender bill and the long neck 
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of the latter ; while they approach the former by the Anhirig* 

conformity of their feet, the four toes of which are .11 

joined by a Angle membrane. They partake alfo of Antl^e^er; 

the cormorant by their flight; having like it the wings 

larger and fitter for the purpofe than thofe of the grebe, 

which are fiiort and weak. The tail of the anhinga is 

extremely long ; a characteriftic very Angular and re¬ 

markable in a water fowl, and which ought, it would 

feem, to render them totally diftinct from diving birds, 

which in general have little or no tail. By this trait 

they approach ftill nearer to the cormorants ; for tho’ 

the tails of the latter are fliorter, the tails of both have 

a great refemblance to each other, fince their quills are 

equally ftrong,elaftic, and properto form a rudder when 

thefe fowls fwim through the water in purfuit of fifli, 

which conftitute their principal nourifhment. . When 

the anhinga feizes a fifli, he fwallows it entire if it be 

fmall enough, and if too large he carries it off to a rock 

or the flump of a "tret?, and fixing it under one of his 

feet, tears it to pieces with his bill. * - ' 

“ Though water is the favourite element of this bird, 

it builds its neft and rears its young on rocks and trees 

but it takes great care to place them in fuch a manner, 

that it can precipitate them into a river as foon as they 

are able to fwim, or the fafety of the little family may 

require it.” 

The male anhinga differs from the female, which is 

fmailer, in having the whole under part of the body, 

from the breaft to the root of the tail, of a beautiful 

black, while the latter has the fame parts of a yellow 

ifabella colour. It has alfo, on each fide of its neck, a 

white ftripe, which extends from the eye to the middle 

of its length, and interfects a reddifh ground. . A very 

Angular characteriftic, common to all the anhingas, is 

that of having the feathers of the tail deeply ltriated, 

and as it were ribbed. It is a very fagacious bird, ef- 

pecially when furprifed fwimming ; for its head is the 

only part which it expofes above the water; and if the 

fportftoan once mifs that part, the anhinga plunges out 

of fight entirely, and never more fhows itfelf but at ve¬ 

ry great diftances, and then no longer at a time than, 

is ahfolutely neceffary for breathing. 

ANTECEDENTAL calculus. See Calculus 

in this Supplement. 

ANTES, in architecture, fmalljulaftres placed at 

the corners of buildings. 

ANTICS, in architecture, figures of men and ani¬ 

mals placed as ornaments to buildings. 

ANTICUM, in architecture, a porch.; alfo that 

part of a temple which lies between the body of the 

temple and the portico, and is therefore called the outer 

temple. 
ANTIMETER, or Reflecting Sector, an in. 

ftrument invented by Mr William Garrard, for the pur¬ 

pofe of meafuring angles, particularly fmall ones, with 

a greater degree of accuracy than can be done by 

Hadley's quadrant or by the fextant. 

The frame of this inftrument is fimilar to that of 

Hadley's quadrant, having two radii, a limb, and bra¬ 

ces ; but with this difference, that the further radius is- 

produced upwards of four inches beyond the centre oi 

motion of the index ; and the great fpeculum, or what 

is called the index-glafs in Hadley’s quadrant, being 

placed there, is called the upper centre. In this inftru¬ 

ment there is tio provifion for the back obfervation* 
The 
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Antimeter. The horizon-glafs is like that in Hadley’s quadrant ; 

~ there are two light vanes, to fuit two different folia¬ 

tions of the large fpeculum or objed glafs: tliefe vanes 

are adapted to receive a fmall telefcope. On the centre 

of the index, where the index-glafs of Hadley’s qua¬ 

drant is fixed, is a brafs or bell-metal femicircle, two 

in'ches in diameter, and one-eighth of an inch thick : 

this femicircle is fcrewed fall to the index, in fuch a 

manner that the axis of the index is a tangent to it. On 

the upper centre are two circular brafs plates, which 

revolve concentrically, either together or feparately. 

The under plate has a lever, or part perpendicular to 

the plane of the inftrument, projeding downwards, a 

little beyond the lower centre: this fever is aded upon 

by the femicircular plate at the lower centre, to which 

it is always kept clofe by a fpring on the other fide. 

In the upper of the above mentioned circular plates are 

two circular perforations or flits, through one of which 

a fcrew takes into the head of the inftrument, and 

through the other a fcrew takes into the lower move- 

able plate. The large fpeculum is fattened to the upper 

plate; and by the above mentioned fcrews the pofition 

of this glafs may be altered. A circular plate is fixed 

to the lower centre by three pillars : in its centre is a 

nut to admit a fcrew, by which the plate carrying the 

large fpeculum may be fattened here occafionally. 

The feale on the limb is divided into 45 equal parts 

or degrees, and not into half degrees, as is the cafe in 

Hadley’s quadrant, by reafon of the double refiedion. 

Thefe divifions are numbered in a retrograde order; 

zero being at the extremity of the further radius. Al¬ 

though the limb contains 45 degrees, yet the greateft 

angle which can be meafured, the large fpeculum le- 

maining fixed to the circular plate, is io° 18' 21 ".8 ; 

the diftance between the tw o centres being four inches, 

and the radius of the femicircle one inch. Agreeable 

to thefe dimenfions, the inventor has given a table ex¬ 

hibiting the value of each primary divifion on the limb; 

he hath alfo given a more ample table, adapted to a 

diftance between the centres of three times the radius 

of the femicircle, which he fays hath been found the 

moft convenient in pradice. If an angle greater than 

io° 18' is wanted, it may be meafured by the method 

of anticipation, as the inventor calls it, which is as fol¬ 

lows: Let the fcrew which fattens the two circular 

plates on the upper centre be made faft, and loofen the 

fcrew which fattens the upper circular plate to the in¬ 

ftrument : Now adjuft the glaffes by the ufual method; 

bring forward the index to any given divifion on the 

limb, and make it faft; alfo fatten the fcrew which was 

before loofe, and loofen the other fcrew; then bring the 

index to zero, and proceed as before. 

The inventor gives the following diredions for ad- 

jufting and ufing the inftrument. 

The firft thing to be attended to is, to fet the hori- 

zorf-glafs perpendicular to the plane of the inftrument, 

which is performed as follows ; Hold the inftrument 

with its plane perpendicular to the horizon, and look 

over backwards into the glafs and beyond it. If the 

limb of the inftrument appears in a right line with its 

refiedion, the glafs is upright ; but if it does net ap¬ 

pear fo, loofen or tighten the little fcrew on the foot of 

the glafs until it be ad ufted : Then with the inftrument, 

as in taking an altitude, look through the fight vane 

or telefcope at fome diftant objed, with the index fixed 
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in any intended Situation ; the two fcrews at the upper Andparal- 

centre being loofe, turn the glaf3 about till the fame 

object appears nearly in the fame part of the horizon- APerture*t 

glafs : Next hold it in a horizontal pofition, and ad- 

juft the objed-glafs or large fpeculum with the fcrews 

which are behind and before, on the foot of it, till the 

object and its refiedion are feen in the fame horizontal 

line. Laftly, with the inftrument upright, turn the 

tangent-ferew belonging to the horizon-glafs at the 

back of the inftrument, until there be a perfed coin¬ 

cidence of the objed and its refiedion that way, and 

the adjuftments are complete. 

ANTIPARALLELS, in geometry, are thofe lines 

which make equal angles with two other lines, but 

contrariwife ; that is, calling the former pair the 

firft and fecond lines, and the latter pair the third and 

fourth lines, if the angle made by the firft and third 

lines be equal to the angle made by the fecond and 

fourth, and contrariwife the angle made by the firft 

and fourth equal to the angle made by the fecond and 

third; then each pair of lines are antiparallels with re- 

fpedl to each otjier, viz. the firft and fecond, and the 

third and fourth. So, if AB and AC be any two lines, Plate II* 

and FC and FE be two others, cutting them fo, fig. 

that the angle B is equal to the angle E, 

and the angle C is equal to the angle D; 

then BC and DE are antiparallels with refped to AB 

and AC; alfo thefe latter are antiparallels with regard 

to the two former. It is a property of thefe lines, that 

each pair cuts the other into proportional fegments, ta¬ 

king them alternately, 

viz. AB ; AC : : AE : AD : : DB : EC, 

and FE : FC : : FB : FD : : DE : BC. 

APERTURE, in optics, has been defined in the 

Encyclopaedia, but no rule was given there for finding 

a juft aperture. As much depends upon this circum- 

ftance, our optical readers will be pleafed with the fol¬ 

lowing pra<ftical rule given by Dr Hutton in his Ma¬ 

thematical Didionary. “ Apply feveral circles of dark 

paper, of various fiz*es, upon the face of the glafs, from 

the breadth of a ftraw to luch as leave only a fmall hole 

in the glafs ; and with each of tliefe, feparately, view 

fome diftant objed, as the moon, ftars, 8cc. then that 

aperture is to be chofen through which they appear the 

moft diftindly. 

“ Pluyghens firft found the ufe of apertures to con- 

duce much to the perfedion of telcfcopes; and he found 

by experience [Diopt. prop. 56.), that the beft aper¬ 

ture for an objed-glafs, for example of 30 feet, is to be 

determined by this proportion, as 30 to 3, fo is the 

fquare root of 30 times the diftance of the focus of 

any. lens to its proper aperture : and that the focal tli- 

ftances of the eye-glafte3 are proportioned to the aper¬ 

tures. And M. Auzout fays he found, by experience* 

that the apertures of telefcopes ought to be nearly in- 

the fub-duplicate ratio of their lengths. It has alfo* 

been found by experience, that objed-glafiTcs will ad¬ 

mit of greater apertures, if the tubes be blacked within. 
fide, and their pafiage furnifhed with wooden rings. 

“ It is to be noted, that the greater or lefs aperture 

of an objed-glafs, does not increale or diminifii the vi~ 

fible area of the objed all that is effeded by this is 

the admittance of more or fewer rays, and confequently 

the more or lefs bright the appearance of the objed. 

But the hrgenefs of the aperture or focal diftance caufes 

the* 
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the irregularity of its refractions. Hence, in viewing 
Venus through a telefcope, a much lefs aperture is to 
be ufecl than"for the moon, or Jupiter, or Saturn, be- 

.< caule her light is fo bright and glaring. And this cir- 
cumftance fome what invalidates and difturbs Azont’s 

proportion, as is lhown by Dr Hook, Phil. Tranf. 

N° 4 ” 
APOCATASTASTS, or, as it ffiould be written, 

Apokatastasis, is a Greek word employed in the 
language of aftronomers, to denote the period of a pla¬ 

net, or the time it takes to return to that point of the 

zodiac whence it fet out. 
APOTOME, is a term employed by Euclid to de¬ 

note the difference between two lines or quantities 
which are only commenfurable in power. Such is the 

difference between i and 2, or the difference be¬ 
tween the fide of a fquare and its diagonal. The doc¬ 
trine oi apotomes in lines, as delivered by this ancient 
mathematician in the tenth book of his Elements, is 

a very curious fuhjedl, and lias always been admired 
by fuch as underfiood it. The firft algebraical wri¬ 
ters in Europe, fuch as Eucas de Burgo, Cardan, Tar- 
talea, Stifelius, &c. employed a confiderable portion of 
their works on an algebraical expofition of that which 

led them to the do&rine of furd quantities. 
APPARENT conjunction of the planets, is when 

a right line, fuppofed to He drawn through their cen¬ 

tres, paffes through the eye of the fpedlator, and not 
through the centre of the earth. And, in general, the 
apparent conjundlion of any objeCfs, is when they ap¬ 

pear or are placed in the fame right line with the eye. 
Apparent Diameter of a planet or other heavenly 

body, is not the real length of the diameter of that 
body, but the angle which it fubtends at the eye, or 

under which it appears. 
Apparent Diflance, is that which we judge an ob- 

je£l to be from us when feen afar off; and which is al- 

moft always very different from the true diflance. 
Apparent Figure, is the figure or fhape under which 

an obje6l appears when viewed at a diflance ; and is 
often very different from the true figure. 1 hus a 
flraight line, viewed at a diflance, may appear but as a 
point ; a furface, as a line ; and a folid, as a furface. 

Apparent Motion, is either that motion which we 
perceive in a diflant body that moves, the eye at the 
fame time being either in motion or at reft ; or that 

motion which an objeft at reft feems to have, while 

the eye itfelf only is in motion. 
Apparent Place of a Planet, See. in aftronomy, is 

that point in the furface of the fphere of the world 
where the centre of the luminary appears from the 

furface of the earth. 
APPARITION, in aftronomy, denotes a flar’s or 

. other luminary’s becoming vilible, which before was 
hid. So, the heliacal rifing, is rather an apparition 

t than a proper rifing. 
Archde- ARCH, in building, is an artful difpofition and ad- 
fined. juftment of feveral ftones or bricks, generally in a bow¬ 

like form, by which their weight produces a mutual 
preffure and abutment ; fo that they not only fupport 
each other, apd perform the office of an entire lintel, 
but may be extended to any width, and made to carry 
the moft enormous weights. 

In thofe mild climates which feem to have been the 

firft inhabited parts of this globe, mankind flood more 

in need of fhade from the fun than of ffielter from the Arch, 
inclemency of the weather. A very fmall addition to 1 "v 

the fhade of the woods ferved them for a dwelling. <,f 
Sticks laid acrofs from tree to tree, and covered with architec- 

bruihwood and leaves, formed the firft houfes in thofe 'urc con- 

delightful regions. As population and the arts impro-^*^w^ 
ved, thefe huts were gradually refined into commodious 
dwellings'. The materials were the fame, but more art¬ 
fully put together. At laft agriculture led the inhabi¬ 
tants out of the woods into the open country. The 
connexion between the inhabitant and tlie foil became 
now more conflant and more interefling. The wifh to 
preferve this connexion was natural, and fixed ella** 
blifhments followed of courfe. Durable buildings were 
more defirable than thofe temporary and perifhable cot¬ 

tages— (lone was fubftituted for timber. 
But as thefe improved habitations were gradual re¬ 

finements on the primitive hut, traces of its conftruc- 
tion remained, even when the choice of more durable 
materials made it in fome meafure inconvenient. Thus 
it happened, that while a plain building, intended for 
accommodation only, confifted of walls, pierced with 
the neceffary doors and windows, an ornamented build¬ 
ing had, fuperadded to thefe effential^, columns, with 
the whole apparatus of entablature, borrowed from the 
wooden building, of which they had been effential 

parts, gradually rendered more fuitable to the purpofes 

of accommodation and elegance. 3 
This view of ornamental architedlure will go far to Origin of 

account for fome of the more general differences of na-Greek ar- 

tional ftyle which may be obferved in different parts ofc*utc ure* 

the world. The Greeks borrowed many ot their arts 
from their Afiatic neighbours, who had cultivated them 
long before. It is highly probable that archite£lure 
travelled from Perfia into Greece. In the ruins of Shu- 
fhan, Perfepolis, or Tehilminar, are to be feen the firft 

models of’every thing that diftinguifiies the Grecian ar- 

chite&ures. There is no doubt, we fuppofe, among 
the learned, as to the great priority of thefe monuments 
to any thing that remains in Greece ; efpecially if we 
take into account the tombs on the mountains, which 
have every appearance of greater antiquity than the re¬ 

mains of Perfepolis. In thofe tombs we fee the whole 
ordcnnance of column and entablature, juft as they be¬ 
gan to deviate from their firft and neceffary forms in 
the wooden buildings. We have the architrave, frize, 

and corniche; the far-proje&ing mutules of the Tnfcan 
and Doric orders; the modillions no lefs diftindl; the 
rudiments of the Ionic capital; the Corinthian capital 
in perfedlion, pointing out the very origin of this orna¬ 
ment, viz. a number of long graceful leaves tied round 

the head of the column with a fillet (a cuftom which we 
know to have been common in their temples and ban¬ 
queting rooms). Where the diflance between the co¬ 

lumns is great, fo that each had to fupport a weight 
too great for one tree, we fee the columns cluftered or 
fluted, &c. In ffiort, we fee every thing of the Grecian 
archite&ure but the Hoped roof or pediment ; a tiling 
not wanted in a country where it hardly ever rains. 4 

The ancient Egyptian arcliitedlure feems to be a re-Egyptian, 

finement on the hut built of clay or unburnt bricks mix¬ 

ed with ftraw; every thing is maffive, clumfy, and timid; 
fmall intercolumnations, and hardly any proje&ions. j 

The Arabian archite&ure feems a refinement on the Arabian# 

tent. A mofque is like a little camp, confifting of a and 
number 
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number of little bell tents, ftuck dole together round a 
great one. A caravanferay is a court furrounded by a 
row of fuch tents, each having its own dome. T he 
Greek church of St Sophia at Conftantinople has imi¬ 

tated this in fome degree; and the copies from it, which 
have been multiplied in Rufiia as the facred form for a 

Chriftian church, have adhered to the original model of 
cluftered tents in the ftri&eft manner. We are fome- 
times difpofed to think that the painted glafs (a faftiion 

brought from the Eaft) was in imitation of the painted 
hangings of the Arabs. 

The Chinefe architecture is an evident imitation of a 
wooden building. Sir Geo. Staunton fays, that the 
fingular form of their roofs is a profejfed imitation of 
the cover of a fquare tent. 

In the ftone-buildings of the Greeks, the roofs were 
imitations of the wooden ones; hence the lintels, flying 
corniches, ceilings in compartments, &c. 
i The pediment of the Greeks feems to have fuggefted 
the greateft improvement in the art of building. In 
ere&ing their fmall houfes, they could hardly fail to ob- 
ferve occafionally, that when two rafters were laid to¬ 
gether, from the oppofite walls, they would, by leaning 
on each other, give mutual fupport, as in fig. i. Nor 
is it unlikely that fuch a fituation of ftones as is repre- 
fented in fig. 2. would not unfrequently occur by acci¬ 
dent to mafons. This could hardly fail of exciting a 
little attention and refiedion. It was a pretty obvious 
refle&ion, that the ftones A and C, by overhanging, 
leaned againft the intermediate ftone B, and gave it 
fome fupport, and that B cannot get down without 
thrufting afide A and C, or the piers which fupport 
them. This was an approach to the theory of an arch; 
and if this be combined with the obfervation of fig. i. 
we get the difpofition reprefcnted in fig. 3. having a 
perpendicular joint in the middle, and the principle of 

the arch is completed. Obferve that this is quite- diffe¬ 
rent from the principle of the arrangement in fig. 2. 
In that figure the ftones a<ft as wedges, and one cannot 
get down without thrufting the reft afide; the fame 
principle obtains in fig. 4. confifting of five arch ftones ; 
but in fig. 3. the ftones B and C fupport each other 

by their mutual preffure (independent of their own 
weight), arifing from the tendency of each lateral pair 
to fall outwards from the pier. This is the principle 
of the arch, and would fupport the key-ftone of fig. 4. 
although each of its joints were perpendicular, by rea- 
fon of the great fritftion arifing from the horizontal 
thruft exerted by the adjoining ftones. 

This was a mod important difeovery in the art of 
building ; for now a building of any width may be 
roofed with ftone. 

. We arc difpofed to give the Greeks the merit of this 
difeovery ; for we obferve arches in the mod ancient 
buildings of Greece, fuch as the temple of the fun at 
Athens, and of Apollo at Didymos ; not indeed as 
roofs to any apartment, nor as parts of the ornamental 
defign, but concealed in the walls, covering drains or 
other neceffary openings ;. and we have not found any 
real arches in any monuments of ancient Perfia or E- 

gypt. Sir John Chardin fpeaks of numerous and ex- 
tenfive fubterraneau paffages at Tchilminar, built of 
the moil exquifite mafonry, the joints fo exa<ft, and the 
ftones fo beautifully dreffed, that they look like one 

continued piece of polifhed marble : but he nowhere 
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fays that they are arched; a circumftance which we Arch, 

think he would not have omitted—no arched door 
or window is to be feen. Indeed one of the tombs 
is faid to he arch-roofed, but it is all of one folid 

rock. No trace of an arch is to be feen in the ruins of 
ancient Egypt ; even a wide room is covered with a 
fingle block of ftone. In the pyramids, indeed, there 
are two galleries, whole roofs confift of many pieces; 

but their conftru&iori puts it beyond doubt that the 
builder did not know what an arch was : for it is co¬ 
vered in the manner reprefented in fig. 3. where every 

projecting piece is more than balanced behind, fo that 
the whole awkward mafs could have ftood on two pil¬ 
lars. The Greeks therefore feem entitled to the honour 
of the invention. The arched dome, however, feems to 

have arifcn in Etruria, and originated in all probability 
from the employment of the augurs, whofe bufinefs ft 
was to obferve the flight of birds. Their ftations for 
this purpofe were templa, fo called a templando, “ on the 
fummits of hills.To fhelter fuch a perfon from the 
weather, and at the fame time allow him a full profped 
of the country around him, no building was fo proper as 

a dome fet on columns; which accordingly is the figure 
of a temple in the moil ancient monuments of that coun¬ 

try. We do not recoiled a building of this kind in 
Greece except that called the Lanthern of Demojlhenes, 
which is of very late date, whereas they abounded in 
Italy. In the later monuments and coins of Italy or of 
Rome, we commonly find the Etrufcan dome and the 
Grecian temple combined ; and the famous pantheon 
was of this form, even in its moft ancient ftate. 

It does not appear that the arch was confidered as a 
part of the ornamental architedure of the Greeks during 
the time of their independency. It is even doubtful 
whether it was employed in roofing their temples. In. 
none of the ancient buildings where the roof is gone, 
can there be feen any rubbiih of the vault, or mark of 9 
the fpring of the arch. It is not unfrequent, however, ft was ufed 

after the Roman conquefts, and may be feen in Athens at firft onl/ 
Delos, Palmyra, Balbek, and other places. It is veryin !ir'dges 

frequent in the magnificent buildings of Rome; fuch duffs^ 
as the Colifeum, the baths of Dioclefian, and the tri¬ 
umphal arches, where its form is evidently made the 

objed of attention./ But its chief employment was in 
bridges and aquedu&s ; and it is in thofe works that 
its immenfe utility is the moft confpicuous For by this 
happy contrivance a canal or a road may be carried 
acrofs any ftream, where it would be almoft impoffible 
to ere<ft piers fufficiently near to each other for carry¬ 
ing lintels. Arches have been executed 130 feet wide* 
and their execution demonftratts that they may be 
made fora times as wide. 

As fuch ftupendous arches are the greateft perform- Difficulty 
ances of the mafomc art, fo they are the moft difficult of conftruc- 
and delicate. When we refled on the immenfe quan-tingk* 
tity of materials thus fufpended in the air, and compare 

tins with the fmall cohefion which the firmeft cement 
can give to a building, we (hall be convinced that it is 
not by the force of the cement that they are kept to- 
gether : they Hand fall only in confequence of the 

proper balance of all their, parts. Therefore, in order 

to eredl them with a well-founded confidence of their 

durabihty, this balance (hould be well underftood and 

jud.cioufly employed. We doubt not but that this was 

underftood m fome degree by the engineers of antique 

fcy®. 
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Arch- ty ; but they have left us none of their knowledge. 
—v,- They mu ft have had a great deal of mechanical know- 

Skill and ledge before they could ereCt the magnificent and beau- 
Tnyheries tiful buildings whofe ruins ftill enchant the world ; but 
of the Dio. they kept it among themfelves. We know that the 
nyfiacs. Dionyfiacs of Ionia were a great corporation of archi¬ 

tects and engineers, who undertook, and even monopo¬ 
lized, the building of temples, ftadiums, and theatres, 
precifely as the fraternity of mafons in the middle ages 
monopolized the building of cathedrals and conventual 

churches. Indeed the Dionyfiacs refembled the myftf 
cal fraternity now called free mafons in many important 
particulars. They allowed no ftrangers to interfere in 
their employment; they recognifed each other by figns 

and tokens; they profefled certain myfterious doClrines, 
under the tuition and tutelage' of Bacchus, to whom 
they built a magnificent temple at Teos, where they ce¬ 
lebrated his myfteries as folemn feftivals; and they called 
all other men profane, becaufe not admitted to thefe 
myfteries. But their chief myfteries and moft impor¬ 
tant fecrets fefem to be their mechanical and mathema¬ 
tical feienees, or all that academical knowledge which 
forms the regular education of a civil engineer. We 

know that the temples of the gods and the theatres re- 
quired an immenfe apparatus of machinery for the cele¬ 
bration of fome of their myfteries ; and that the Dio- 
nyfiacs contvaCled for thofe jobs, even at far diftaut 
places, where they had not the privilege of building the 
edifice which was to contain them. This is the moft 
likely way of explaining the very fmall quantity of me¬ 
chanical knowledge that is to be met with in the wri¬ 
tings of the ancients. Even Vitruvius does not appear 
to have been of the fraternity, and fpeaks of the Greek 
architeCls in terms of refpeCl next to veneration. The 
Collegium Murariorum, or incorporation of mafons at 
Rome, does not feem to have fhared the fecrets of the 

r% Dionyfiacs. 
The art of The art of building arches has been moft afiiduoufly 
building cultivated by the aflociated builders of the middle ages 

derftood^n Chriftian church, both Saracens and Chriftians, 
the middle anc* they feem to have indulged in it with fondnefs: 
ages they multiplied and combined arches without end, 

placing them in every pofiible fituation. 
Having ftudied this branch of the art of building 

with fo much attention, they were able to ereCl the 

moft magnificent buildings with materials which a 
13 Greek or Roman architect could have made little or 

Better than no ufe of. There is infinitely more feientific fkill dif- 
by the played in a Gothic cathedral than in all the buildings 

^t,and°f Greece anc* R°me* Indeed thefe lafl exhibit very 
little knowledge of the mutual balance of arches, and 

are full of grofs blunders in this refpeCl; nor could 
they have refilled the ftiock of time fo long, bad they 
not been almoft folid niaftes of ftone, with no more ca- 

vity than was indifpenfably necefiary. 
Defeats of Anthemius and Ifidorus, whom the Emperor Jufti- 
the church nian had fele&ed as the moft eminent architeCls of 
of St Sophia Qreece for building the celebrated church of St Sophia 

tin rle an"at Conftantinople, feem to have known very little of 
this matter. Anthemius had boafted to Juflinian, that 
he would outdo the magnificence of the Roman pan¬ 
theon, for he would hang a greater dome than it aloft 
in the air. Accordingly lie attempted to raife it on 
the heads of four piers, diftant from each other about 

115 feet, and about the fame height. He had probably 

feen the magnificent vaultings of the temple of Mars the Arch, 
Avenger, and the temple of Peace at Rome, the thrufts w— 
of which are withftood by two mafles of folid wall, 
which join the fide walls of the temple at right angles, 
and extend lidewife to a great diftance. It was evident 
that the walls of the temple could not yield to the pref- 
fure of the vaulting without pufhing thefe immwife but- 
treffes along their foundations. He therefore placed 
four buttrefles to aid his piers. They are alrnoft folid 
niaftes of ftone, extending at leaft 90 feet from the piers 
to the north and to the fouth, forming as it were the 
fide walls of the crofs. They effe&ually fecuied them 
from the thrufts of the two great arches of the nave 

which fupport the dome"; but there was no fuch pro¬ 
vision againft the pufh of the great north and fouth 
arches. Anthemius trufted for this to the half dome, 
which covered the femicircular eaft end of the church, 
and occupied the whole eaftern arch of the great dome. 
But when the dome was finifhed, and had flood a few 
months, it pufhed the two eaftern piers with their but- 
treffes from the perpendicular, making them lean to the 
eaft ward, and the dome and half dome fell in. Ifidorus, 
who iucceeded to the charge on the death of Anthe¬ 
mius, {lengthened the piers on the eaft fide, by filling 
up fome hollows, and again raifed the dome. But 
things gave way before it was clofed ; and while they 
were building in one part it was falling in in another. 
The pillars and walls of the eaftern femicircular end 
were much {battered by this time. Ifidorus feeing that 
they could give no refiftance to the pufh which was fo 
evidently direCled that way, ere&ed fome clumfy but- 

trefles on the eaft wall of the fquare which furrounded 
the whole Greek crofs, and was roofed in with it, form¬ 
ing a fort of cloifter round the whole. Thefe buttrefles, 
fpanning over this cloifter, leaned againft the piers of 

the dome, and thus oppofed the thrufts of the great 
north and fouth arches. The dome was now turned 
for the third time, and many contrivances were adopted' 
for making it extremely light. It was made offenfively 
flat; and, except the ribs, it was roofed with pumice 
ftone ; but, notwithflanding thefe precautions, the 
arches fettled fo as to alarm the architects, and they 
made all fure by filling up the whole from top to bottom 

•with arcades in three ftories. The loweft arcade was very 
lofty, fupported by four noble marble columns, and thus 
preferved, in fome meafuie, the church in the form of 
a Greek crofs. The flory above formed a gallery for 
the women, and had fix columns in front, fo that they 
did not bear fair on thofe below. The third flory was 
a dead wall filling up the arch, and pierced with three 

rows of fmall ill-fhaped windows. In this unworkman¬ 
like fhape it has flood till now, and is the old eft church 

in the world; but it is an ugly mifhapen mafs, more re- 

fembling an overgrown potter’s kiln, furrounded with 
furnaces pieced and patched, than a magnificent temple. 
We have b<?en thus particular in our account of it, be¬ 
caufe this hiftory of the building fhow6 that the ancient 
architects had acquired no diftinCt notions of the aClion 
of arches. Almoft any mafon of our time would know, 

that as the fouth arch would pufh the pier to the eaft- 
ward, while the eaft arch pufhed it to the fouthward, 

the buttrefs which was to withfland thefe thrufts mull 
not be placed on the fouth fide of the pier, but on the xj 
fouth-eaft fide, or that there mull be an eaftern as well Such as art 

as a fouthern buttrefs* Ho fuch blunders are to be feen Gothic 

in church. 
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Arch, in a Gothic cathedral. Some of them appear, to a care- 
""y—J Jefs fpeftator, to be very maffive and clumfy; but when 

judicioufly examined, they will be found very bold and 

light, being pierced in every dire&ion by arcades, and 
the walls are divided into cells like a honeycomb, fo 
that they are very ftiff, while they are very light. 

About the middle, or rather towards the end, of lad 
century, when the Newtonian mathematics opened the 
road to true mechanical fcience, the conftru&ion of 

archesengrofled the attention of the firftmathematicians. 
The fir A hint of a n rinr>l Til (-> thaf trQtrr* In 
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Dr Hooke's The firft hint of a principle that we have met with is 
principle ofJ)r Hooke’s afiertion, that the figure into which a chain 

or rope, perfectly flexible, will arrange itfelf when fuf- 
pended from two hooks, is, when inverted, the proper 

form for an arch compofed of ftones of uniform weight. 
This he affirmed on the fame/principle which is made 
life of in the Encyclopaedia Britannica in the article 
Roof, $ 25. viz. that the figure which a flexible fcf- 
toon of heavy bodies affumes, when fufpended from two 
points, is, when inverted, the proper form for an arch 
of the fame bodies, touching each other in the fame 
points ; becaufe the forces with which they mutually 
prefs on each other in this lad cafe, are equal and op- 
polite to the forces with which they pull at each other 
in the cafe of fufpenfion. 

This principle is ftri&ly jud, and may be extended 
to every cafe which can be propofed. We recoiled fee¬ 
ing it propofed, in very general terms, in the St James’s 
Chronicle in 1759, when plans Were forming for Black- 
friar’s Bridge in London; and fince it is perhaps equal, 
in pra&ical utility, to the mod elaborate invedigations 

of the mathematicians, our readers will not be difpleafed 
I7 Wlth a more particular account of it in this place, 

xplaiued, ABC (fig. 6.) be a parcel of magnets of any 
fize and fliape, and let us fuppofe that they adhere with 
great force by any points of contad. They will com¬ 

pose fuch a flexible fedoon as we have been fpeaking 
of, if fufpended from the points A and C. If this fi¬ 

gure be inverted, preferving the fame points ofcontad, 
they will remain in equilibrio. It will indeed be that 
kind of equilibrium which will admit of no didurbance, 
and which may be called a tottering equilibrium. If the 
form be altered in the fmallefl degree, by varying the 

points of contad (which indeed are points in the jigure 
of equilibration'), the magnets will no more recover their 
former pofition than a needle, which we had made to 

dand on its point, will regain its perpendicular pofition 
after it has been didurbed. 

But if we fuppofe planes de,fg, hi. See. drawn, that 
the points of mutual contad a, b, c, each bifeding the 
angle formed by the lines that unite the adjoining con- 

*11 examPle> bifeding the angle formed by 
a b, be), and if we fuppofe that the pieces are changed 
for others of the fame weights, but having flat Tides, 
which meet m the planes de,fg, hi. See. it is evident 
that we lhall have an arch of equilibration, and that the 
arch will have fome liability, or vvilhbear a little change 
of form without tumbling down: for it is plain that 
the equilibrium of the original fedoon obtained only in 
the points *, b, c, of contad, where the pfedures were 

perpendicular to the touching furfaces; therefore if the 
curve a, b, c, dill pafles through the touching furfaces 

perpendicularly, the conditions that are required for 
equilibrium (till obtain The cafe is quite fimilar to 
that of the liability of a body retting on a horizontal 
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plane. If the perpendicular through the centre of gra¬ 
vity falls within the bafe of the body, it will not only > 
dand, but will require fome force to pufli it over. In 
the original feltoon, if a imall weight be added in any 

part, it will change the form of the curve of equilibra¬ 
tion a little, by changing the points of mutual contad. 

This new curve will gradually feparate from the former 

curve as it recedes from AorC. In like manner, when 
the fedoon is fet up as an arch, if a fmall weight be 
laid on any part of it, it will bring the whole to the 

ground, becaufe the fhifting of the points of contad 
will be jud the contrary to what it fliould be to fuit 
the new curve of equilibration. But if the fame weight 
be laid on the fame part of the arch now condruded 
with flat joints, it will be fuftained, if the new curve of 

equilibration dill pafles through the touching furfaces. 
Thefe conclufions, which are very obvioufly dedu- 

cible from the principle of the fedoon, fliew us, without 
any further difeuflion, that the longer the joints are, 
the greater will be the {lability of the arch, or that it 
will require a greater force to break it down. There¬ 

fore it is of the greated importance to have the arch 
donesas long as economy will permit; and this was the 
great ufe of the ribs and other apparent ornaments in 
the Gothic architedure. The great projedions of thofe 
ribs augmented their didnefs, and enabled them to fup- 
port the unadorned copartments of the roof, compofed 
of very fmall dones, feldom above fix inches thick. 
Many old bridges are dill remaining, which are drength- 
ened in the fame way by ribs. 

Having thus explained, in a very familiar manner, 
the {lability of an arch, we proceed to give the fame 

popular account of the general application of the prin- 
ciple. 

Suppofe it to be required to afeertain the form of an And an, 
arch which (hall have the fpan AB (fig. 7.), and the piled. % 
height F 8, and which iliall have a road-way of the di- 
menfions CDE above it. Let the figure ACDEB be 
inverted, fo as to form a figure AcdeJb. Let a chain 

of uniform thicknefs be fufpended from the points A 
and B, and let it be of fuch a length that its lower 
point will hang at, or rather a little below, f, corre- 

fponding to F. Divide AB into a number of equal 
parts, in the points 1, 2, 3, &c. and draw vertical lines, 
cutting the chain in the correfponding points 1, 2, 3, 
&c. Now take pieces of another chain, and hang them 
on at the points 1, 2, 3, &c. of the chain A/B.& This 
will alter the form of the curve. Cut or trim thefe 
pieces of chain, till their lower ends all coincide with 
the inverted road-waj cde. ’The greater lengths that 
are hung on in the vicinity of A and B will pull down 
thefe points of the chain, and canfe the middle point/ 
(which is lefs loaded) to rife a little, and will brincr it 
near to its proper height. 

It is plain that this procefs will produce an arch of 
perfedl equilibration ; but fome farther confiderations 
are neceffary for making it exadly fuit our purpofe. 
It is an arch of equilibration for a bridge, that is fo 
loaded that the weight of the arch-ftones is to the 
weight of the matter with which the haunches and 
crown are loaded, as the weight of the chain A fV> is 
to the fum of the weights of all the little bits of chain 
very nearly. But this proportion is not known before¬ 
hand ; we muft therefore proceed in the following man¬ 

ner : Adapt to the curve produced in this way a thick- 

C nefs 

Arch. 
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nefsof the arch-ftones as great as arc thought fufficient to 

enfure (lability ; then compute the weight of the arch 
ftones, and the weight of the gravel or rubhilh with 
which the haunches are to be filled up to the road-way. 

If the proportion of thefe two weights be the fame with 
the proportion of the weights of chain, we may reft fa- 

tisfied with the curve now found ; but if different, we 
can eafily calculate how much mufl be added equal to, 
or taken from, each appended bit of chain, in order to 
make the two proportions equal. Having altered the 
appended pieces accordingly, we (hall get a new curve, 

which may perhaps require a very fmall trimming of 

the bits of chain to make them fit the road-way. This 

curve will be infinitely near to the curve wanted. 
We have praftifed this method for an arch of 60 

feet fpan and 21 feet height, the arch-ftones of which 
were only two feet nine inches long. It was to be 
loaded with gravel and fhivers. We made a previous 
computation, on the fuppofition that the arch was to 

be nearly elliptical. The diftance between the points 

I, 2, 3, &c. were adjufted, fo as to determine the pro¬ 
portion of the weights of chain agreeable to the fuppo¬ 
fition. The curve differed confiderably from an ellipfe, 
making a confiderable angle with the verticles at the 
fpring of the arch. The real proportion of the weights 

of chain, when all was trimmed fo as to fuit the road¬ 
way, was confiderably different from what was ex pett¬ 
ed. It was adjufted. The adjuftment made very little 

change in the curve. It would not have changed it 

two inches in any part of the real arch. When the 
procefs was completed, we conftrutted the curve ma¬ 
thematically. It did not differ fenfibly from this mecha¬ 
nical conflruttion. This was very agreeable informa¬ 

tion ; for it (hewed us that the firft curve, formed by 
about two hours labour, on a fuppofition confiderably 
different from the truth, would have been fufficiently 
exad for the purpofe, being in no place three inches 
from the accurate curve, and therefore far within the 
joints of the intended arch-ftones. Therefore this pro¬ 

cefs, which any intelligent mafon, though ignorant of 
mathematical fcience, may go through with little 

trouble, will give a very proper form for an arch fub- 

jedl to any conditions. 
The chief defedl of the curve found in this way is a 

want of elegance, becaufe it does not fpring at right 
angles to the horizontal line ; but this is the cafe with 
all curves of equilibration, as we fhall fee by and by. It 

is not material: for, in the very neighbourhood of the 
piers, we may give it any- form we pleafe, becaufe the 

mafonry is foil'd in that place ; nay, we apprehend that 
a deviation from the curve of equilibration is proper. 
The couftruttion of that curve fuppofes that the pref- 

fnre on every part of the arch is vertical'; but gravel, 
earth, and rubbifh, exert fomewliat of a hydroftatical 
preffure laterally in the att of fettling, and retain it 
afterwards. This will require fome more curvature at 
the haunches of an arch to balance it ; but what this 
lateral preffure may be, cannot be deduced with confi¬ 
dence from any experiments that we have feen. We 
are inclined to think that if, inftead of dividing the ho¬ 
rizontal line AB in the points 1, 2, 3, &c. we divide 
the chain itfelf into equal parts, the curve will ap¬ 

proach nearer to the proper form 
After this familiar ftatement of the general principle, 

it is now time to confider the theory founded on it 

ARC 8 3. 
more in detail. This theory aims at fuch an adjufL 
merit of the pofition of the arch-ftones to the load on 

Arch, 

every part of the arch, that all fhall remain in equiii- Theory 

brio, although the joints be perfectly polifhed, and with-founded oi* 
out any cement. The whole may be reduced to two this prin- 

problems. The firft is to determine the vertical pref-c,P^e’ 

fure or load on every point of a line of a given form, 
which will put that line in equilibrio. The fecond is 
to determine the form of a curve which fhall be in equi¬ 
librio when loaded in its different points, according to 

any given law. 
The whole theory is deducible from § 27. of the ar¬ 

ticle Roof. The fundamental proportion in that fec- 
tion dates the proportions between the various preffures 
or thrufts which are exerted at the angles of an affem- 
blage of beams or other pieces of folid heavy matter, 
freely moveable about thofe angles, as fo many joints, 
but retaining their pofition by the equilibrium of thofe 
preffures. It is there demonftrated, “ that the thruft 
at any angle, if eftimated in a horizontal diredion, is 
the fame throughout,and maybe reprefented by any ho¬ 

rizontal lineBT,fig.8. (Roofs,fig. 10 Pl.CCCCXL); 
and that if a vertical line QTS be drawn through T, 
thethruft exerted at any angle D by the piece CD, in 
its own diredion, will then be reprefented by BR, 
drawn parallel to CD ; and in like manner, that the 
thruft in the'diredion ED is reprefented by BS, &c.; 
and, laftly, that ’the vertical thrufts or loads, at each 
angle B, C, D, by which all thefe others preffures are 
excited, are reprefented by the portions QC, CR, RS, 
of the vertical intercepted by thofe lines ; that is, all 
thefe prefTures are to the uniform horizontal thruft as 
the lines which reprefent them are to BT. The hori¬ 
zontal thruft, therefore, is a very proper unit, with 
which we may compare all the others. Its magnitude 
is eafily deduced from the fame propofition ; for QS is 
the fum of all the vertical preffures of the angles, and 
therefore reprefents the weight of the whole affem- 
blage. Therefore as QS is to BT, fo is the weight 

of the whole to the horizontal thruft. 21 
To accommodate this theory to the conftrudion 

a curvilineal arch vault, let us firft fuppofe the vault to * 
be polygonal, compofed of the cords of the elementary cion 0f an 

arches. Let AVE (fig. 9.) be a curvilineal arch, of arch vault* 

which V is the vertex, and VX the vertical axis, which 
we fhall confider as the axis or abfeifia of the curve, 
while any horizontal line, fuch as HK, is an ordinate 
to the curve. About any point C of the curve as a 
centre deferibe a circle BED, cutting the curve in B 
and D. Draw the equal cords CB, CD. Draw alfo 

the horizontal line CF, cutting the circle in F. De¬ 

feribe a circle BCDQ^pafilng through B, C, D. Its 
centre O will let in a line COQ^ which bifeds the 
angle BCD ; and C d> which touches this circle in C, 

will bifed the angle b C d} formed by the equal cords 
BC, CD. Draw CLP perpendicular to c b, and DP 
perpendicular to CD, meeting CL in P.. Tnrough L 
draw the tangent GLM, meeting CD in G, and the 
vertical line^|CM in M. Draw the tangent E tf, cutting 
the cords BC, CD, in b and d, and the tangent to the 
circle BCDQin c. Laftly, draw d N parallel to be. 

From whatis demonftrated in § 27. of the article 

Roof, it appears, that if BC, CD be two pieces of an 
equilibrated heavy polygon, and if CF reprefent the ho 

rizontal thruft in every angle of the polygon, Cd and 
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Arch. C b will feverally reprefent the thru (Is exerted by the 

pieces DC, BC, and that bd, or CN, will reprefent the 

weight lying on the angle BCD, by which thofe thrufts 
are balanced. 

As the reader may not have the article Roof at 
band, this equilibrium may be recalled to his remem¬ 
brance in the following manner : Produce dC to o, fo 
that Co m*y be equal to Cd. Draw bn to the verti¬ 

cal parallel to dB, and join no. It is evident that 
bno C is a parallelogram, and that nC ( zz h d) == CN. 
Now the thruft or fupport of the piece BC is exerted 
in the direction Cb, while that of DC is exerted in the 
dire&ion Co. Thefe two thrufts are equivalent to the 
thruft in the diagonal Cn ; and it is with this com¬ 
pound thruft that the load or vertical preffure CN is 
in immediate equilibrium. 

Becaufe £CL, NCF, are right angles, and FCL is 
common to both, the angles bCE and MCL are equal. 
Therefore the right angled triangles 3CF and MCL 
are fimilar. And fince CF is equal to CL, cb is equal 
to CM. It is evident that the triangles GCM and 
</CN are fimilar. Therefore CG : C d CM : CN, 

“ Cb : CN. Therefore we have CN = But 

ARC 
Therefore we have ER ; -s Rad. * Arth. 

4X 
And de- 
snonftra- 
tcd. 

CG 
becaufe CDP and CLG are right angles, and therefore 
£qual, and the angle GCP is common to the two tri¬ 
angles GCL, PCD, and CD is equal to CL, we have 

CG equal to CP. Therefore CN = Alfo, 

fince CDP is a right angle, DP meets the diameter in 
the oppofite point of the circumference, and the 

angle DQC is equal to DC</, or DCb (becaufe bCd 
is bife&ed by the tangent), that is, to PCQ^(becaufe 
the right angles bCF, cDO are equal, and cDP is 
common). Therefore PQjs equal to PC ; and if PO 
be drawn perpendicular to CQ_, it will bifeft it, and O 
is the centre of the circle BCDQJ3. 

Now let the points B andD continually approach to 
C (by dirninifliing the radius of the fmall circle), and 
ultimately coincide with it. It is evident that the 
circle BCDQ^is ultimately the equicurve circle, and 
that PC ultimately coincides with OC,*the radius of 
curvature. Alfo CbxCd becomes ultimately C c2. 
Therefore CN, the vertical load on any point of a 

9 J 
angle AEG. 
Sec. Elev- 

If therefore the arqh is kept in equilibrio by the ver¬ 
tical preffure of a wall, we muft have the height of the 

wall above any point proportional to ^ec*s ^cv« 
Rad. of Curv. 

LIf d,?T Pedicular to the vert I- Corollaries 
cal Cb, Cb will be half the vertical cord of the equi¬ 

curve circle. The angle OCS is equal to rCF, that is, 
to the angle of elevation. Therefore 1 : Sec. Elev. 

= CS : CO, and the fecant of elevation may be expref- 
r CO CO3 F 
fed by and its cube by Therefore the height 

of wall is proportional to l.-, or to nr 
* CS3xCO IcTsT* or 

CO2 or Sec.2 of Elev. 

CS*XCS Vert. Cord of Curv. 

Cor. II. If we make the arch VC = a, the abfeiffa 
VH = », the ordinate HCr=y, the radius ofeuli CO = r, 
and the 4 vertical cordCS=/, the height of wall prefi¬ 

xing on any point is proportional to; or to or 

y5r y2s 
-. Therefore, when the equation of the curve 

. 
is given, and the height of wall on any one point of it 

is alfo given,.we can determine it for any other point: 
for the equation of the curve will always give us the re¬ 

lation of as, x, andjr, and the value of r or j. This may 

be illuftrated by an example or two. For this purpofe 

it will generally be molt convenient to affume the height 
above the vertex V for the unit of computation. The 
thicknefs of the arch at the crown is commonly deter* 
mined by other circumftances. At the vertex the tan¬ 
gent to the arch is horizontal, and therefore the cube 
of the fecant is unity or i. Call the height of wall, 

at the crown, H, and let the radius of curvature in that 
point be R, and its half cord R (it being then coinci¬ 
dent with the radius), and the height on any other 

point h. We have~ 
ylr 

curve of equilibration, is == ^ c_ 
Rad. Curv. 

It is farther evident, that CF is to Cc as radius to 
the fecant of the elevation of the tangent above the ho¬ 
rizon. Therefore we have the load on any point of 

the curve always proportional to fe0-* Elev. 
^ . Rad. Curv. 

This load on every elementary arch of the wall is 
commonly a quantity of folid matter incumbent on that 
clement of the curve, and prefling it vertically; and it 
may be conceived as made lip of a number of heavy 
lines (landing vertically on it. Thus, if the element Ee 

of the curve were lying horizontally, a little parallelo¬ 
gram RE<?r Handing perpendicularly on it, would re¬ 
prefent its load. But as this element E * has a Hoping 
pofition, it is plain that, in order to have the fame 
-quantity of heavy matter prefting it vertically, the 

height of the parallelogram muft be increafed till it 
meets in • p, the line R i drawn parallel to the tangent 

i^G. It is evident that the angle REr is equal to the 

= H : hy and h s H X 

_ . 
R £2 R 

X —. The other formula gives h — FI X -r-X —. 

r y2j 
Examp. i. Suppofe the arch to be a iegment of a Unrated 

circle, as in fig. io. where AE is the diameter, and O by exam- 
the centre. In this arch the curvature is the famePle3» 

throughout, or — = i. Therefore h = II X or 

= H X Cube See. Elev. ** 

This gives a very fimple calculus. To the logarithm 
of H add thrice the logarithm of the fecant of elevation. 
The fum is the logarithm of h. 

It gives alfo a very fimple conftruaion. Draw the 

verticalCS, cutting the horizontal diameter in S. Draw 
ST, cutting the radius OC perpendicularly inT. Draw 
the horizontal line Ta, cutting the vertical in %. Join 

aa. Make Cb= Ve, and draw parallel to zo. Ca 
muft be made =C*. The demonftration is evident. 

It is very eafy to fee that if CV is an arch of 6o’°, 
and Vu is Tjth of VC, the points v and c will be on 
a level; for the fecant of CV is twice CO, and there¬ 
fore Cc is 3 times Vv, which is J-th of VH. 

C a The 
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The dotted line vgcf Is drawn according to this 

calculus or conflru&ion.' It falls confiderably below 
the horizontal line in the neighbourhood of c; and 

then, pafTing very obliquely through c, it rifes rapidly 
to an unmeafurable height, becaufe the vertical tine 

through A is its alfymptote. This mull evidently be 
the cafe with every curve which fprings at right angles 

with a horizontal line. 
It is plain that if nV be greater, all the other ordi- 

nates of the curve vgcf, retting on the circumference 
AVE, will be greater in the fame proportion, and the 

curve will cut the horizontal line drawn through in 
fome point nearer to *v than c is. Hence it appears 
that a circular arch cannot be put in eqnilibrio by 
building on it up to a horizontal line, whatever be its 

fpan, or whatever be the thicknefs at the crown. We 
have feen that when this thicknefs is only TVth of the 

radius, an arch of 120 degrees will be too much loaded 
at the flanks. This thicknefs is much too fmall for a 

bridge, being only -^th °* ^ie ^Pan whereas it 
fhould have been almoft double of this, to bear the in¬ 
equalities of weight that may occafionally be on it. 
When the crown is made Hill thinner, the outline is 
Hill more deprefled before it rifes again. There is there¬ 
fore a certain fpan, with a correfponding thicknefs at 

the crown, which will deviate leaft of all from a liori- 

Arch. 

] ARC 
The converfe, of the problem, namely, to find the 

form of the arch when the figure of the back of it is ^ 
given, is the moll ufual queflion of the two, at leaft in 
cafes which are mod important and mod difficult. Of farm of an 
thefe perhaps bridges are the chief. Here the necefii-arch when 

ty of a road-way, of eafy and rc^ ilar afeent, confines *^2“™ 
us to an outline nearly horizontal, to which the curve ^ given, 
of the arch mud be adapted. This is the mod difficult 
problem of the two *, and we doubt whether it can be 
folved without employing infinite approximating ferie- 

fes indead of accurate values. 
Let ave (fig. 12.) be the intended outline or ex- 

trados of the arch AVE, and let *nQ_be the common 
axis of both curves. From c and C, the correfponding 

points, draw the ordinates c h, CH. Let the thicknefs 

<v V at the top be a, the abfeiffa <v h be = «, and VH 
=: x, and let the equal ordinates c h> CH be y, and the 

arch VC be z. 

* ■ 
Then, by the general theorem, cC = -r-p r being 

ry° 
the radius of curvature. This, by the common rules, is 

£3 
This gives us c 

y x — x y 
or 

zontal line. This is an arch of about 54 degrees, the 

yx—xy y 

— y * XJ-. xC ; where C is a condant quantity. 

thicknefs at the crown being about one-fourth of the 
fpan, which is extravagantly great. It appears.in ge¬ 
neral, therefore, that the circle is not a curve fuited to 
the purpofes of a bridge or an arcade, which requires 

an outline nearly horizontal. 
Examp. 2. Let the curve be a parabola AVE (fig. 11.)9 

of which V is the vertex, arid DG the directrix. Draw 
the diameters DCF, GVN, the tangents CK, VP, and 
the ordinates VF and C N. It is well known that GV 

to DC as VP2 to CK2, or as CN2 to CK2. Alfo 

y 
found by taking the real value of c C in V, the vertex 

of the curve. But it is evident that it is alfo = a + x 

y x — x y n __ C 
Therefore a -p x — u = —:- 

2 GV is the radius of the ofculating circle at V, and 
2 DC is one.half of the vertical cord of the ofculating 

1 circle at C. Therefore CN2: CK2 (or f : s 
’ » Z 2 R 

R. But Cc, orh= H X 
y1 y s 

R - R 

and 

>) = R : x, 

Therefore 

h~ HX - H X , = H. Therefore 

~R 
»2 R 

, r i 
It follows from this invedigation, that the back or 

extrados of a parabolic arch of equilibration mud be 

parallel to the arch or foflfit itfelf; or that the thickneis 
of the arch, edimated in a vertical diredion, mud be 
equal throughout 5 or that the extrados is the fame pa¬ 

rabola' with the foffit or intrados- 
We have fele&ed thefe two examples merely for the 

fimplicity and perfpicu.ty of the folutions, which have 
Keen effe&ed by means of elementary geometry only, 
jnftead. of employing the analytical value of the radius 

. - x 
X fluxion of v. 

y 
If we now fubftitute the true value of u (which is 

given, becaufe the extrados is fuppofed to be of a known 
form), exprelfed in terms ofy, the refulting equation 
will contain nothing but * and y, with tlieir fir ft and 
fecond fluxions, and known quantities. From this equa- 
tion the relation of jeandy mu ft be found by fuch methods 
as feem bell adapted to the equation of the extrados. _ 

Fortunately the procefs is more Ample and eafy in 

the moll common and ufeful cafe than we Ihould ex- 
pca from this general rule. We mean the cafe where 
the extrados is a ftraight line, efpecially when this is 

horizontal. In this cafe u is equal too. 
Example. To find the form of the balanced arch 

AVE (fig. 13.), having the horizontal line cv for its pjat5 j] 

extrados. . , 
Keeping the fame notation, we have v = o, and. 

therefore a + x = ^-X fluxion of— 
y y 

X* 
Affume y = -; then ~= v, and - X fluxion of 

J v y y y 

Cw that is a + oo = Therefore a*+)ut 

of the ofculatory circle, viz. • 
y x — xy 

have involved us at leaft in the elements of fecond 
fluxions. We have alfo preferred fimplicity to ele¬ 
gance in the invefligation, becaufe we wilh to indruft 

the practical engineer, who may not be a proficient in 

the higher mathematics. 

which would = C n i; and by taking the fluents, we have 2 a * + 
/ 2a x+_x_ 

v = v c = C v2; and 
Confequently, 

.— ^being = —-V Taking the fluent 

TflTx x2 V v' 

this, we have y = V C X L (2 ax + 2 
JU 
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Arch. ^ 2 \/ 2 ax -\- &). But at the vertex, where x = o, 

'we havey == // CXl* (2a). The corrected fluent is 

, r a + x + s/2ax + *?' 
therefore y =s C X L- 

a 
It only remains to find the conftant quantity C. 

This we readily obtain by feledling fome point of the 
extrados where the values of x and y are given by par¬ 
ticular circumdances of the cafe. Thus, when the 
fpan 2 s and height h of the arch are given, we have 

+ h + ^lah+Jiy and confe- , = ^CXL(». 

quently 
fa + h + V 2 “ ^ “b 

V * ' 

Therefore 

the general value ofy=x X- 
■( 

a -p x + a/ 2 a x 
±£V 

-( 

a *4- h +- *</ 2 a h + h1 

===7. X L 
rt -f- 5c + \/ 2 a x 4- x*m 

a+h + x/iah + h* 

As an example of the ufe of this formula, we fubjoin 
a table calculated by Dr Hutton of Woolwich for an 

arch, the fpan of which is too feet, and the height 40; 
which are nearly the dimenfions of the middle arch of 

Blackfriars Bridge in London. 

y X y X y X 

0 6,000 21 10,381 36 2 *>774 
2 6,055 22 10,858 37 22,948 

4 6,144 23 11,368: 38 24,190 

6 6>324 24 11,911 39 25>5°5 
8 6,580 2 5 12,489 40 26,894 

* 10 6,914 26 13, ic6 41 28,364 
12 7>33° 27 13,76! 42 29,919 

*3 7,571 28 14*457 43 3i*563 
• *4 7>&34 29 15,196 44 33>299 

8,120 3° 15*980 45 35*135 
16 8,43° 31 16,8 j 1 46 37*°75 
27 8,766 32 17*693 47 39,126 

► 18 9,168 33 18,627 48 41*293 

19 9*517 34 19*617 49 43,581 
20 9’934 35 " 20,665 50 46,000 

%6 
Defects of 
the Cat< 

The figure for this propofition is exadlly drawn ac¬ 
cording to thefe dimenfions, that the reader may judge 
of it as an objed of fight. It is by no means deficient* 
in gracefulnefs, and is abundantly roomy for the paffage 
of craft ; fo that no objedion can be offered againft its, 
being adopted on account of its mechanical excellency. 

The reader will perhaps be furprifed that we have 
made no mention of the celebrated Catenarian curve, 

rian curve, which is commonly faid to be the bed form for an arch; 

but a little refledion will convince him, that although 
it is the only form for an arch confiding of ftones of, 
equal weight, and touching each other only in Angle- 
points, it cannot fuit an arch which muff be filled up in 

in order to form a road-way. He will 

but this thicknefs is fo great as to make it unfit for a Arch, 
bridge, being fuch that the preffure at the vertex is 
equal to the horizontal thruft. This would have been 
about 37 feet in the middle arch of Blackfriars Bridge* 
The only fituation, therefore, in which the Catenarian 
form would be proper, is an arcade carrying a height of 
dead wall; but in this fituation it would be very un¬ 
graceful. Without troubling the reader with the in- 
veftigation, it is fufficient to inform him that in a Ca¬ 
tenarian arch of equilibration the abfciffa VH is to the 
abfciffa v h in the conflant ratio of the horizontal thruft 
to its excefs above the preffure 011 the vertex. 7y 

This much will ferve, we hope, to give the reader a Inutility ot 
clear notion of this celebrated theory of the equilibriumtllc com- 

of arches, one of the moil delicate and important appli.™°" ^e.ory 
cations of mathematical fcience. Volumes have beenbrali0^' 
written on the fubjed, and it dill occupies the atten¬ 
tion of mechanicians. But we beg leave to fay, with 

great deference to the eminent perlons who have profe- 
cnted this theory, that their fpeculations have been of 
little fervice, and are little attended to by the practi¬ 
tioner. Nay, we may add, that Sir Chriflopher Wren, 
perhaps the mod accomplifhed arcliited that Europe 
has feen, feems to have thought it of little value : for, 
among the fragments which have been preferved of his 
dudies, there are to be feen fome impeded differtations 
on this very fubjed, in which he takes no notice of this 
theory, and confiders the balance of arches in quite an¬ 
other way. Thefe are colleded by the author of the 
account of Sir Chridcpher Wren’s family. 'Phis man’s 

great fagacity, and his great'experience in building, and, 
ft ill more his experience in the repairs of old and crazy 
fabrics, had {hewn him many things very inconfident 
with this theory, which appears fo fpecious and fafe. 
The general fads which occur in the failure of old* 
arches are highly indrudive, and deferve the mod care¬ 
ful attention of the engineer; for it is in this date that 

their defeds, and the procefs of nature in their dedruc.- 
tion, are mod didindly feen. We venture to affirm, 
that a very great majority of thefe fads are irreconcile- 
able to the theory. The way in which circular arches 
commonly fail, is by'the finking of the crown and the 
riling of the flanks. It will be found by calculation,, 
that in mod of the cafes it ought to have been jud the 
contrary. But the cleared proof is, that arches very 
rarely fail where their load differs mod remarkably from 
that which this theory allows. Semicircular arches have 
flood the power of ages, as may be feen in the bridges 

of ancient Rome, and in the numerous arcades which 
the ancient inhabitants have ereded. Now all arches 
which fpring perpendicularly from the horizontal line 
require, by this theory, a load of infinite height; and, 
even to a confiderable didance from the fpringing of. 
the arch, the load neceffary for the theoretical equili¬ 
brium is many times greater than what is ever laid on 
thofe parts ; yet-a failure in the immediate neighbour, 
hood of the fpring of an arch is a mod rare phenome¬ 
non, if it ever was obierved. Here is a mod remark¬ 
able deviation from the theory ; for, as is already ob- 

ferved, the load is frequently not the fourth part of * 
what the theory requires.- 

Many other facts might be adduced which {hew great' the haunches, in order to lorm a 

be more furprifed to hear, after this, that there is a* deviations from the legitimate refults from the theory 
certain thicknefs at the crown, which will put the Ca- We hope to be excufed, therefore, by the mathemati- 

tenaria in equilibrio, even with a horizontal road-wayj cians for doubting of the juftnefs of this theory. We 

^ do- 
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Arch, do not think It erroneous, but defedive, leaving out 

til' circumftances which we apprehend to be of great im* 

j /elas Fortance 5 and we 1‘mag‘i‘ne that.the defeds of the theory 
’ have arifen from the very anxiety of the mechanicians 

to make it perfed. The arch-ftones are fuppofed to 
be perfedly fmooth or policed, and not to be conned- 
ed by any cement, and therefore to fuftain each other 
merely by the equilibrium of their vertical preffnre. 
The theory enfures this equilibrium, and this only, 
leaving unnoticed any other caufes of mutual action. 

* The authors who have written on the fubjed fay ex- 
prefsly, that an arch which thus fuftains itfelf muft be 
ftronger than another which would not; becaufe when, 
in imagination, we fuppofe both to acquire connection 
by cement, the firft preferves the influence of this con¬ 
nection unimpaired ; whereas in the other, part of the 
cohefion is wafted in counteracting the tendency of 
fome parts to break off from the reft by their want of 
equilibrium. This is a very fpecious argument, and 
would be juft, if the forces which are mutually exerted 
between the parts of the arch in its fettled ftate were 
merely vertical preffures, or, where different, were in- 
confiderable in comparifon with thofe which are really 

attended to in the conftrudion. 
But this is by no means the cafe. The forms which 

the ufes for which arches are ereded oblige us to adopt, 
and the loads laid on the different points of the arch, 
frequently deviate conflderably from what are neceffary 
for the equilibrium of vertical preffures. The varying 
load on a bridge, when a great wagon paffes along it, 
fometimes bears a very fenfible proportion to the weight 
of that point of the arch on which it refts. It is even 
very doubtful whether the preffures which are occa- 
fioned by the weight of the ftuff employed for filling up 
the flanks really ad in a vertical diredion, and in the 
proportion which is fuppofed. We are pretty certain 
that this is not the cafe with fand, gravel, fat mould, 
and many fubftances in very general ufe for this pur- 
pofe. When this is the cafe, the preffures fuftaiiied 
by the different parts of the arch are often very incon- 
fiftent with the theory—a part of the arch is over¬ 
loaded, and tends to fall in, but is prevented by the ce¬ 
ment. This part of the arch therefore ads on the re¬ 
moter parts by the intervention of the parts between, 
employing thofe intermediate parts as a kind of levers 
to break the arch in a remote part, juft as a lintel would 
be broken. We apprehend that a mathematician would 
be puzzled howT to explain the liability of an arch cut 
out of a folid and uniform mafs of rock. His theory 
confiders the mutual thrufts of the arch ftones as in the 
direction of the tangents to the arch. Why fo ? be¬ 
caufe he fuppofes that all his polilhed joints are perpen¬ 
dicular to thofe tangents. But in the prefent cafe he 
has no exifting joints; and there feems to be nothing to 
diredhis imagination in the affumption of joints, which, 
howrever, are abfolutely neceffary for employing his 
theory, becaufe, without a fuppofition of this kind,there 
feems no conceiving any mutual abutment of the arch 
Hones. 'Aik a common, but intelligent, mafon what 

'notion he forms of fuch an arch ? We apprehend that 
he will confider it as no arch, but as a lintel, which 
may be broken like a wooden lintel, and which relifts 
entirely by its cohefion. He will not readily conceive 
that, by cutting the under fide of a Hone lintel into an 
arched form, and thus taking away more than half of 
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its fubftance, he has changed its nature of a lintel, or Arch, 
given it any additional ftrength. Nor would there be 
any change made in the way in which fuch a mafs of 
ilone would refill being broken down, if nothing were 
done but forming the under fide into an arch. If the 
lintel be fo laid on the piers that it can be broken with¬ 
out its parts pufhing the piers alide (which will be the 
cafe if it lies on the piers with horizontal joints), it will 
break like any other lintel; but if the joints are direct¬ 
ed downwards, and converging to a point within the 
arch, the broken Hone (fuppofe it broken at the crown 
by an overload in that part) cannot be preffed down 
without forcing the piers outwards. Now, in this mode 
of ading, the mind cannot trace any thing of the fta- 
tical equilibrium that we have proceeded on in the 
foregoing theory. The two parts of the broken lintel 
feem to pulh the piers alide in the fame manner that 
two rafters pulh outwards the walls of a houfe, when 
their feet are not held together by a tie-beam. If the 
piers cannot be puftied afide (as when the arch abuts 
on two folid rocks), nothing can prefs down the crown ; 
which does not crufh the ftone. 

This conclufion will be ftriYlly true if the arch is of 
fuch a form that a ftraight line drawn from the crown 
to the pier lies wholly within the folid mafonry. Thus 

if the vault confift of two ftraight ftones, as in fig. i. j 

or if it confift of feveral ftones, as in fig. 14. difpofed 
in two ftraight lines, no weight laid on the crown can 
deftroy it in any other way but by crufhing it to pow¬ 

der. . 29 ] 
But when ftraight lines cannot be drawn from the When it is1 

overloaded part to the firm abutments through the fo f° he called 

lid mafonry, and when the cohefion of the parts is not 

able to withftand the tranfverfe drains, we mull call theder. 
principles of equilibrium to our aid ; and in order to 
employ them with fafety, we muft confider how they 
are modified by the excitement of the cohering forces. 

The cohefion of the ftones with each other by ce¬ 
ment or other-wife, has, in almoft every lituation, a bad 
effedl. It enables an overload at the crown to break 
the arch near the haunches, caufing thofe parts to rife, 
and then to fpread outwards, juft as a Manfarde or 
Kirb roof would do if the trufs beam which conneds 
the heads of the lower rafters were fawn through. This 
can be prevented only by loading that part more than 
is requiiite for equilibrium. It would be prudent to do 
this to a certain degree, becaufe it is by this cohefion 
that the crown always becomes the weakeft part of the 
arch, and fuffers more by any occafional load. 

We exped that it will be faid in anfwer to all this, 
that the cohefion given by the ftrongeft cement that 

we can employ, nay, the cohefion of the ftone itfelf, is 
a mere nothing in comparifon with the enormous thrufts 
that are in a Hate of continual exertion in the different 
parts of an arch. This is very true; but there is an¬ 
other force which produces the fame effed, and which 
increafes nearly in the proportion that thofe thrufts in¬ 
crease, becaufe it arifes from them. This is the fridion 
of the ftones on each other. In dry freeftone this fric¬ 
tion conflderably exceeds one half of the mutual pref- 
fure. The reflecting reader will fee that this produces 
the fame effed, in the cafe under confederation, that 
cohefion would do; for while the arch is in the ad of 
failing, the mutual preffurc of the arch-ftones is ading 

with full force, and thus produces a fridion more than 

adequate 
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adequate to all the effedts we have been fpeaking 

When thefe circumftances are confidered, we imagine 

that it will appear that an arch, when expofed to a 
great overload on the crown (or indeed on any part), 

divides, of itfelf, into a number of parts, each of which 
contains as many arch-ftones as can be pierced (fo to 

fpeak) by one ftraight line, and that it may then be 
confidered as nearly in the fame fituation with a poly¬ 
gonal arch of long (tones butting on each other like fo 

many beams in a Norman roof (fee Roof, n° 49.), hut 
without their braces and ties. It tends to break at all 
thofe angles; and it is not fufficiently refilled there, 
becaufe the materials with which the flanks are filled 

up have fo little cohefion, that the angle feels no load 

from off them till the whole took a firmer bed. The 
fubfequent phenomena are evident corfequences of this 
diftribution and modification of prelftire, and can hard¬ 

ly be explained in any other way; at leaft not on the 
theoretical principles already fet forth : for in this 
bridge the loads at R and D were very coniiderably 
greater than what the equilibrium required ; and we 

think that the firft obferved fplintering at H, F, and 
G, was molt inftru&ive, fhowing that there was an ex¬ 
traordinary prelfure at the inner joints in thofe places, 

which cannot be explained by the ufual theory. 
Not fatisfied with this fingle obfervation, after this 

way of explaining it occurred to 11s, and not being.able 
to find any fimilar fa£l on record, the writer of this ar¬ 
ticle got fome finall models of arches executed in chalk, 

Arch. 

nn have fo little cohehon, that the angle reeis no ioau -- . . . , r n ja 
Except what is immediately above it; whereas it fhould and fubjefted them to many trials, «n hopes of colle£ - 

be immediately loaded with all the weight which is dif- ing feme general laws of the internal working, of arch- 

fufed over the adjoining fide of the polygon. This will es which finally produce their downfal He had the 
JUiCkl UVLI Lliv. --j-j o 

be the cafe, even though the curvilineal arch be per 
feftly equilibrated. We recoiled fome circnmflances m 
the failure of a confiderable arch, which may be worth 
mentioning. It had been built of an exceedingly foft 
and friable (tone, and the arch (tones were too fhort. 
About a fortnight before it fell, chips were obferved 
to be dropping off from the joints of the archftones 
about ten feet on each fide of the middle, and alfo from 
another place on one fide of the arch, about twenty 
feet from its middle. The mafons in the neighbourhood 
prognofticated its fpee^y downfal, and faid. that it 
would feparate in thofe places where the chips were 
breaking off. At length it fell; but it firft fplit in 

the middle, and about 15 or 16 feet on each fide, and 
alfo at the very fpringing of the arch. Immediately 
before the fall a (hivering or crackling noife was heard,, 
and a great many chips dropped down from the middle 
between the two places from whence they had dropped 

^ ^ . 1 _T_ _ 
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pleafure of obferving the above mentioned circumftan- 
ces take place very regularly and uniformly, when he 
overloaded the models at A. The arch always broke 
at fome place B confiderably beyond another point. F, 

where the firft chipping had been obferved. This is a 
method of trial that deferves the attention both of the 

fpeculatift and th£ practitioner. 
If thefe reflections are any thing like a juft account 

of the procedure of nature in the failure of an arch, it 

is evident that the ingenious mathematical theory of 
equilibrated arches is of little value to the engineer. 
We ventured to fay as much already, and we refted -a 
good deal on the authority of Sir Chriftopher Wren. 
He was a good mathematician, and delighted in the ap¬ 

plication of this fcience to the arts. He was a celebra¬ 
ted arcliiteCt; and his reports on the various works 
committed to his charge, (how that he was in the con¬ 

tinual habit of making this application. Several fpe- between the two places trom wnence mey imu uruppeu nuua* rr * 
a fortnight before. The joints opened above at thofe cimens remain of his own methods of applying them. 

* h 1 _ • mnf nf the theatre of Oxford, the root ot the cu- «ew places above two inches, and in the middle of the 
arch the joints opened below, and in about five minutes 
after this the whole came down. Even this movement 
was plainly diftinguifhable into two parts. The crown 

funk a little, and the haunches rofe very fenfibly, and 
in this (late it hung for about half a minute. The 
arch-ftones of the crown were hanging by their up¬ 
per corners. When thefe fplintered off, the whole fell 

down. 
We apprehend that the procedure of nature was 

fomewhat in this manner. Straight lines can be drawn 
within the arch-ftones from A (fig. 15.) to B and D, 
nnd from thofe points to C and E. Each of the por¬ 
tions ED, DA, AB, EC, refift as if they were of one 
ftone, compofing a polygonal vault EDABC. When 
this is overloaded at A, A can defeend in no other way 
than by pufhing the angles B and D outwards, caufing 

the portions BC, DE, to turn round C and E. This 
motion muft raife the points B and D, and caufe the 
arch-ftones to prefs on each other at their inner joints 
1_1 J 'T,U* 4- V. /VaI infpnnrr of t hnfp 
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The roof of the theatre of Oxford, the roof of the cu¬ 
pola of St Paul’s, and in particular the mould 011 whioh 
he turned the inner dome of that cathedral, are proofs 
of his having ftudied this theory mod attentively. He 
flourilhed at the very time that it occupied the attention 
of the greateft mechanicians of Europe ; but there is 

nothing to be found among his papers which fhows- 
that he had paid much regard to it. On the contrary, 
when he has occafion to deliver his opinion for the in- 
ftru&ion of others, and to explain to the Dean and, 
Chapter of Weftminfter his operations in repairing that 
collegiate church, this great architect confiders an arch 
juft as a fenfible and fagacious mafon would do, and 
very much in the way that we have juft now been treat¬ 
ing it: (See Account of the Family of IVren, p. 356,. 
&c.) Supported therefore by fuch authority, we would 
recommend this way oficonfidering an arch to the ftudy 
of the mathematician ; and we would defire the expe¬ 

rienced mafon to think of the moft efficacious methods 
for refilling this tendency of arches to rife in the flanks. urch-ltones to preis on eacn otner ai ineir inner joints iur icmmig twa . 

I and d. This produced the copious fplintering atthofe Unfortunately there feems to be no precife principle to 
lAl'nfi! v rirp^fhno* thp trvtal downfal. The ooint out the place where this tendency is moft re* joints immediately preceding the total downfal. The 
fplintering which happened a fortnight before arofe 

from this circumftance, that the lines AB and AD, 
along which the preffure of the overload was propa¬ 

gated, were tangents to the foffit of the arch in the 
points F, H, and G, and therefore the (train lay all on 

thofe corners of the arch-ftones, and fplintered a little 

point out the place where this tendency is moft re* 

markable. 
We are therefore highly pleafed with the ingenious 

contrivance of Mr Mylne, the architect of Blackfriars 

Bridge in London, by which he determines this point 
^yith preciflon, by making it impolfible for the over¬ 

loaded aich to fpring in any other place. Having thus 
confined 
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confined the failure to a particular fpot, he with equal 
art oppofes a refiftance which he believes to be fuffi- 
cient; and the prefent condition df that noble bridge, 
which does not in any place fhow the fmalleft change 
of fhape, proves that lie was not miftaken. Looking 
on this work as the hr ft, or at Ieaft the fecond, fpeci- 
men of mafonic ingenuity that is to be feen in the 
world, we imagine that our readers will be pleafed with 
a particular account *of its moft remarkable circum- 

ilances. 
The fpan ka (fig. 16.) of the middle arch is 100 

feet, and its height OV is 40, and the thicknefs KV 
Itridge. of the crown is fix feet feven inches. Its form is nearly 
tfjatelll, .elliptical; the part AVZ being an arch of a circle 

whofe centre is C, and radius 56 feet, and the two la¬ 
teral portions Ai B and Z a E being arches defcribed 
with a radius of 3 $ feet nearly. The thickneis of the 
•pier at a b is 19 feet. The thicknefs of the arch in- 
c-eafes from the crown V to Y, where it is eight or 
•nine feet. All the arch-ftones have their joints directed 
to the centres of their curvature. The joints are all 
joggled, having a cubic foot of hard flone let half way 
into' each. By this contrivance the joints cannot Hide, 
nor can any weight laid on the crown ever break the 
arch in that part, if the piers do not yield ; for a 

•ftraight line from the middle of KV to the middle of 
the joint YI is contained within the folid mafonry, and 
does not even come near the inner joints of the arch- 
ftones. Therefore the whole refills like one ftone, and 
can be broken only by crufhing it. The joint at Z is 
very nearly perpendicular to a line YF drawn to the 
outer edge of the foundation of the pier. By this it 
was intended to take off all tendency of the preffure on 
the joint d Z to overfet the pier ; for if we fuppofe, ac¬ 
cording to the theory of equilibration, that this preffure 
is neceffarily exerted perpendicularly to the joint, its 
direction paffes through the fulcrum at F, round which 
it is thought that the pier muft turn in the aCt of over- 
fetting. This precaution was adopted in order to make 
the arch quite independent of the adjoining arches ; fo 
that although any of them ftiould fall, this arch fhould 

run no rifk. 
Still farther to fecure the independence of the arch, 

the following conftruCtion was praCtifed to unite it into 
cne mafs, which ftiould rife altogether. All below the 
line a b is built of large blocks of Portland ftone, dove¬ 
tailed with found oak. Four places in each courfe are 
interrupted by equal blocks of a hard ftone called Ken- 
tlflj rag, funk half way in each courfe. Thefe aCt as 
joggles, breaking the courfes, and preventing them 
from Aiding laterally. 

The portion a Y of the arch is joggled like the up¬ 
per part. The interior part is filled up with large blocks 
of Kentifti rag, forming a kind of courfed rubble-work, 
the courfes tending to the centres of the arch. The 
under corner of each arch-flone projects over the one 
below it. By this form it takes fall hold of the rubble- 
work behind it. Above this rubble there is conftruCl- 
ed the inverted arch I e G of Portland ftone. This arch 
fhares the preffure of the two adjoining arches, along 
with the arch-ftones in Y a and in G b. Thus all tend 
together to comprefs and keep down the rubble-work 
in the heart of this part of the pier. This is a very 
ufeful precaution ; for it often happens, that when the 

centres of the arches are {truck, before the piers are 
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built up to their intended height, the thruft of the 
arches fqueezes the rubble-work horizontally, after the 
mortar has fet, but before it has dried and acquired its 
utmoft liardnefs. Its bond is broken by this motion, 
and it is fqueezed up, and never acquires its former 
firmnefs. This is effectually prevented by the preffure 
exerted by the back of the inverted arch. 

Above this counter arch is another mafs of courfed 
rubble, and all is covered by a horizontal courfe of large 
blocks of Portland ftone, butting agaiuft the back of 
the arch-ftone ZI and its correfponding one in the ad¬ 
joining arch. This courfe conne&s the feet of the two 
arches, preferves the rubble-work from too great com- 
prefiion, and proteCts it from foaking water. This laft 
circumftance is important; for if the water which falls 
011 the road-way is not carried off in pipes, it foaks 
through the gravel or other rubbifti, refls on the mor¬ 
tar, and keeps it continually wet and foft. It cannot 
efcape through the joints of good mafonry, and there¬ 
fore fills up this part like a funnel. 

Suppofing the adjoining arch fallen, and all tumbled 
off that is not withheld by its fituation, there will (till 
remain in the pier a mafs of about 3 coo tons. The 
weight of the portion VY is about 2000 tons. The 
directions of the thrufts RY and YF are fuch, that it 
would require a load of 4500 tons on VY to overturn 
the pier round F. This exceeds VY by 2 coo tons; a 
weight incomparably greater than any that can ever be 
laid on it. 

Such is the ingenious conftruClion of Mr Mylne. It 
evidently proceeds on the principles recommended 
above ; principles which have occurred to his experience 
and fagacious mind during the courfe of his extenfive 
practice. We have feen attempts by other engineers 
to withftand the horizontal thrufts of the arch by 
means of counter arches inferted in the fame manner 
as here, but extending much farther over the main arch; 
but they did not appear to be well calculated for pro¬ 
ducing this effeCt. . A counter arch fpringing from any 

point between Y and V has no tendency to hinder that 
point from rifing by the finking of the crown ; and 
fuch a counter arch will not refill the precifely hori¬ 
zontal thruft fo well as the ftraight courfe of Mr Mylne. 

The great incorporation of architects who built the Origin of 
cathedrals of Europe departed entirely from the ftyles ' 
of ancient Greece and Rome, and introduced another,archefi‘ 
in which arcades made the principal part. Not finding 
in every place quarries from which blocks could be 
raifed in abundance of fufficient fize for forming the far- 
projecting corniches of tlie Greek orders, they relin- 
quifhed thofe proportions, and adopted a ftyle of orna¬ 
ment. which required no fuch projections : and having 
fubftituted arches for the horizontal architrave or lintel, 
they were now able to ereCt buildings of vafl extent 
with fpacious openings, and all tins with very fmall 
pieces of ftone. The form which had been adopted for 
a Chriftian temple occafioned many interfeClions of 
vaultings, and multiplied the arches exceedingly. Con- 
ftant practice gave opportunities of giving every poflible 
variety of thefe interfedions, and taught the art of ba¬ 
lancing arch againft arch in every variety of fituation. 
An art fo multifarious, and fo much out of the road 
of ordinary thought, could not but become an obje& 

of fond ftudy to the archite&s moft eminent for inge¬ 

nuity 
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Arch, nuity and invention. Becoming thus the dupes of their 
-v— own ingenuity, they were fond of difplaying it even 

when not neceflary. At laft arches became their princi¬ 
pal ornament, and a wall or ceiling was not thought drefl*- 
ed out as it fhould be till filled full of mock arches, 
crofling and butting on each other in every direction. 
In this procefs in their ceilings they found that the pro- 
je6ting mouldings, which we now call the Gothic trace¬ 
ry, formed the chief fupports of the roofs. The plane 
furfaces included between thofe ribs were commonly 
vaulted with very fmall ftones, feldom exceeding fix or 
eight inches in thicknefs. This tracery therefore was 
not a random ornament. Every rib had a pofition and 
direction that was not only proper, but even neceflary. 

Habituated to this fcientific arrangement of the mould¬ 
ings, they did not deviate from it when they ornament¬ 
ed a fmooth furface with mock arches; and in none of 
the highly ornamented ancient buildings will we find 

Degenera- any pofitions. This is by no means the cafe in 
:y of that many of the modern imitations of Gothic architecture, 
tyle. even by our beft archite&s. Ignorant of the directing 

principle, or not attending to it, in their ftucco work, 
they pleafe the unlkilled eye with pretty radiated fi¬ 
gures ; but in thefe we frequently fee fuch abutments 
of mouldings as would infallibly break the arches, if 
thefe mouldings were really performing their ancient 
office, and fupporting a vaulting of confiderable extent. 
Nay, this began even before the Gothic ftyle was finally 
abandoned. Several inftances are to be found in the 
highly enriched vaultings of New College, and Chriil 
Church in Oxford, in St George's Chapel at Windfor, 
and Henry the VIPs Chapel in Weftminfter. 

We call the middle ages rude and barbarous; but 
there was furely much knowledge in thofe who could 
execute fuch magnificent and difficult works. The 
working drafts which were neceflary for fuch varieties 
©f oblique interfe&ions mufi: have required confiderable 
{kill, and would at prefent occupy many very expenfive 
volumes of ntafons jewels and carpenters manuals, and 
the like. All this knowledge was kept a profound fe- 
cret by the corporation, and on its breaking up we had 
all to learn again. 

There is no appearance, however, that thofe archi¬ 
tects had ftudied the theory of equilibrated arches. 
They had adopted an arch which was very flrong, and 
permitted confiderable irregularities of preflure—we 
mean the pointed arch. The very deep mouldings with 
which it was ornamented, made the arch ftones very 

Jreat fkill long in proportion to the fpan of the arch. But they 
f the a- had ftudied the mutual thruft of arches on each other 

rchiteeKCWlt^. &reat care ; and they contrived to make every in¬ 
vention for this purpofe become an ornament, fo that 
the eye required it as a neceflary part of tlie building. 
Thus we frequently fee fmallLuildings having buttrefles 
at the fides. Thefe are neceflary in a large vaulted 
building, for withftanding the outward thruft of the 

vaulting ; but they are ufelefs when we have a flat ceil¬ 
ing within. Pinnacles on the heads of the buttrefles 
are now cotifidered as ornaments ; but originally they 
were put there to increafe the weight of the buttrefs : 
even the great tower, in the centre of a cathedral, 
which now conftitutes its great ornament, is a load al- 
moft indifpenfably neceflary, for enabling the four prin¬ 
cipal columns to withftand the combined thruft of the 

aifles, of the nave, and tranfepts. In fhort, the more 
Suppl. Vol. I. Part I. 

clofely we examine the ornaments of this archite&urc, Arch, 

the more {hall we perceive that they are eflential parts, 
or derived from them by imitation : and the more we 

confider the whole ftyle of it, the more clearly do we 
fee that.it is all deduced from the relifh for arcaJes, in¬ 
dulged in the extreme, and puflied to the limit of pof- 
fibility of execution. 

There is another fpecies of arch which muft not become ot 

overlooked, namely, the Dome or Cupola, with all itscui>Q*a 

varieties, which include even the pyramidal fteeple or 
fpire. 

It is evident that the ereCtion of a dome is alfo a 

fcientific art, proceeding on the principles of equilibra¬ 
tion, and that thefe principles admit and require the 
fame or fimilar modifications, in confequence of the co- 
hefion and fridlion of the materials. At firft fight, too, 
a dome appears a more difficult piece of work than a 
plain arch ; but when we obferve potters kilns and 
glafshoufe domes and cones of vaft extent, ereCted by* 

ordinary bricklayers, and with materials vaftly inferior 
in fize to what can be employed in common arches of 

equal extent, we muft conclude that the circumftance of 
curvature in the horizontal diredlion, or the abutment 
of a circular bafe, gives fome affiftance to the artift. Of 

this we have complete demonftration in the cafe of the 
cone We know that a vaulting in the form of a pent 

roof could not be executed to any confiderable extent, 
and would be extremely hazardous, even in the fmalleft: 

dimenfions ; while a cone of the greateft magnitude can 
be raifed with very fmall ftones, provided only that we 
prevent the bottom from flying out, by a hoop, or any* ^ 

fimilar contrivance. And when we think a little of the Of eafier 
matter, we fee plainly, that if the horizontal fe&ion becollftruc- 

perft&ly round, and the joints be all direCted to thetioll!hatt 
axis, they all equally endeavour to Aide inwards, while 
no reafon can be offered why any individual done fhould* 
prevail. They are all wedges, and operate only as 

wedges. When we confider any fmgle courfe, there¬ 
fore, we fee that it cannot fall in, even though it may¬ 
be part of a curve which could not ftand as a common 
arch ; nay, we fee that a dome may be conftru&ed ha¬ 

ving the convexity of the curve, by the revolution of 
which it is formed, turned towards the axis, fo that the 
outline is concave. We fliall afterwards find that this 
is a ftronger dome by far than if the convexity were 
outwards, as in a common arch. We fee alfo that a 
cone may be loaded on the top with the greateft weight, 
without the fmalleft danger of forcing it downf fo 
long as the bottom courfe is firmly kept from burfting 
outwards. The ftone lanthern on the top of St Paul's 
cathedral in London weighs feveral hundred tons, and 
is carried by a brick cone of eighteen inches thick, with 
perfect fafety, as long as the bottom courfe is prevent¬ 

ed from burfting outwards. The reafon is evident : 
The preflure on the top is propagated along the cone 
in the direction of the flant fide ; and, fo far from ha¬ 

ving any tendency to break it in any part, it tends ra¬ 
ther to prevent its being broken by any irregular pref- 
fure from foreign caufes. 1 

For the fame reafons the o&agonal pyramids, which Propfr con- 
rorm the ipires of Gothic architecture, are abundantly ^ru^ on 
firm, although very thin. The fides of the fpire of0<aag°.nal 
Salisbury cathedral are not eight inches thick after the!'yram,ds” 

octagon is fully formed. It is proper, 'however, to di- 

D reel; 
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re a the joints to the axis of the pyramid, and to make 
the courfing joints perpendicular to the flant fide, be- 
caufethe projefting mouldings which run along the 

angles are the abutments on which the whole pannel 
depends. A confiderable art is neceffary for fupporting 

thofe pannels or f.des of the oaagon which fprmg from 
the an cries of the fquarc tower. This is done by be- 
ginning a very narrow pointed arch on the fquare tower 

It a great diftance below the top ; fo that the legs of 
the arch being very long, a ftraight line may be drawn 
'from the top of the keyftone of the arch through the 
whole archltones of the legs. By this difpoi.tion the 
thrufts arifing from the weight of thefe four pannels are 
made to meet on the maffive mafonry in the middle ot 
the fides of the tower, at a great diftance below the 
fpringing of the fpire. This part, being loaded with 
the great mafs of perpendicular wall, is fully able to 
withftand the horizontal thruft from the legs of thole 
arches. In many fpires thefe thrufts are ftill farther re¬ 
filled by iron bars which crofs the tower, and are hook¬ 
ed into pieces of brafs firmly bedded in the mafonry of 

the Tides. , . , . . . , 
Examples There is much nice balancing of this kind to be ob- 
of fuch con-ferved in the highly ornamented open fpires; Inch as 
ffrudlion. t}10fe Qf Bruffcls, Mechlin, Antwerp, &c. We nave 

not many of this fort in Britain. In thofe of great 
magnitude, the judicious eye will difeover that parts, 
which a common fpeftator would confider as mere or¬ 
naments, are neceffary for completing the balance of the 
■whole. Tall pinnacles, nay, even pillars carrying enta¬ 
blatures and pinnacles, are to be l'een Handing on the 

middle of the (lender leg of an arch. On examination, 
we find that this is neceffary, to prevent the arch from 
fpringing upwards in that place by the prefTure at the 
crown. The fteeple of the cathedral of Mechlin was the 
moll elaborate piece of architefture in this tafte in the 
world, and was really a wonder ; but it was not calcu¬ 
lated to withftand a bombardment, which deftroyed it 

Such frequent examples of irregular and whimfical 

buildings of this kind, (how that great liberties may be 
taken with the principle of equilibration without ri(k, 

if we take care to ftcure the bafe from being thruft 
outwards. This may always be done by hoops, which 
can be concealed in the mafonry ; whereas, in common 
arches, thefe ties would be vifible, and would offend the 
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change, becaufe the weight of each courfc is fuperadtled 
to that of the portion above it, to complete the prefTure 

the courfe below. Through B draw the vertical 

Arch. 
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Examples 

eye. 

Plate IK. 

39 

It is now time to attend to the principle of equili¬ 
brium, as it operates in a fimple circular dome, and to 
determine the thicknefs of the vaulting when the curve 
is given, or the curve when the thicknefs is given. 

Therefore, let B b A (fig. 1 7.) be the curve which pro- 
30 duces the dome by revolving round the vertical axis AD. 

Stability of We fhall fuppofe this curve to be drawn through the 
a dome de- middle of all the arch-{tones, and that the conrling or 
pends on. horizontal joints are every where perpendicular to the 

curve. We fhall fuppofe (as is always the cafe) that 
the thicknefs KL, HI, &c. of the arch-ftones is very 
fmall in comparifon with the dimeniions of the arch. 
If we conlider.any portion HA b of the dome, it is 
plain that it prelTes on the courfe, of which HL is an 
arch-ftone, in a dire&ion b C perpendicular to the joint 
HI, or in the diredlion of the next fuperior element 
fib of the curve. As we proceed downwards, courfe af- 
ter-^courfe, we fee plainly that this dire&ion tnuft 

principles 

line BCG, meeting p b, produced in C. We may take 
^ to prefs the prefTure of all that is above it, propa¬ 
gated in this diredlion to the joint KL. Wc may alfo 
fuppofe the weight of the courfe HL united in b, and 
acting on the vertical. Let it be reprefented by b l\ ' 
If we form the parallelogram b FGC, the diagonal b G 

will reprefent the diredlion and intenfity of the whole 
prefTure on the joint KL. Thus it appears that this 
prefTure is continually changing its diredlion, and that 
the line, which will always coincide with it, mull be a 
curve concave downward. If this be precifely the 
curve of the dome, it will be an equilibrated vaulting ; 
but fo far from being the flrongeil form, it is the 
weakeft, and it is the limit to an infinity of others, which 
are all flronger than nt. This will appear evident, it 
we fuppofe that b G does not coincide with the curve 
J\ b B, but paffes without it. As we fuppofe the arch- 
flones to be exceedingly thin from inlide to outlide* it is 
plain that this dome cannot {land, and that the weight of 
the upper part will prefs it down, and fpring the vaults 
ing outwards at the joint KL. But let us fuppofe, on 
the other hand, that b G falls within the curvilineal ele¬ 
ment b B. This evidently tends to pufh the arch-ftonc 
inward, towards the axis, and would caufe it to flide in, 

fince the joints are fuppofed perfectly fmooth and flip¬ 
ping. But fince this takes place equally in every ft one 

of this courfe, they mufl all abut on each other in the 
vertical joints, fqueezing them firmly together. There¬ 
fore, refolving the thruft b G into two, one of which is 
perpendicular to the joint KL, and the other parallel to 

it, we fee that this laft thruft is witbftood by the verti¬ 
cal joints all around, and there remains only the thruft 
in the diredlion of the curve. Such a dome muft there¬ 
fore be firmer than an equilibrated dome, and cannott 
be fo eafily broken by overloading the upper part*. 
When the curve is concave upwards, as in the lower 

part of the figure, the line b C always falls below b B*. 
and the point C below B. When the curve is concave 
downwards, as in the upper part of the figure, 'b C 
paftes above, or without b B. The curvature may be 
fo abrupt, that even V G' fhall pafs without rb B, and 
the point G' is above B'. It is alfo evident that the 
force which thus binds the ftones of a horizontal courfe 
together, by pufhing them towards the axis, will be 
greater in flat domes than in thofe that are more con¬ 
vex ; that it will be ftill greater in a cone ; and greater 
Hill in a curve whofe convexity is turned inwards: for 
in this laft cafe the line b G will deviate moft remark¬ 
ably from the curve. Such a dome will ftand (having 

polifhed joints) if the curve fprings from the bafe with 

any elevation, however fmall; nay, fince the fridlion of 
two pieces of ftone is not lefs than half of their mutual 
prefTure, fuch a dome will ftand, although the tangent 
to the curve at the bottom fhould be horizontal, pro¬ 
vided that the horizontal thruft be double the weight 
of the dome, which may eafily be the cafe if it do not 

rife high. ^ - 40 
Thus we fee that the (lability of a dome depends on Different 

very different principles from that of a common arch, ffom^ 
and is in general much greater. It differs alfo in ano-®^^ 
ther very important circumftance, viz. that it may be 

open in the middle; for the uppermoft courfe, by tend- 
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In every part to Hide in toward the axis, b c. ing equally 

' prefTes all together in the vertical joints, and a£ls on the 
next courfe like the key (lone of a common arch. 
Therefore an arch of equilibration, which is the weak- 
eft of all, may be open in the middle, and carry at top 
another building, fuch as a lanthern, if its weight do 

not exceed that of the circular fegment of the dome that 
is omitted. A greater load than this would indeed 
break the dome, by caufing it to fpring up in fome of 
the lower courfes ; but this load may be increafedif the 
curve is flatter than the curve of equilibration : and 

any load whatever, which will not crufh the (tones to 
powder, may be fet on a truncate cone, or on a dome 
formed by a curve that is convex toward the axis; pro¬ 
vided always that the foundation be effectually prevent¬ 
ed from flying out, either by a hoop, or by a fufficient 
mafs of folid pier on which it is fet. We have mention¬ 

ed the many failures which happened to the dome of 
St Sophia in Conttantirtople. We imagine that the 
thrult of the great dome, bending the ealtern arch out¬ 
ward as foon as the pier began to yield, deftroyed the 
half dome which was leaning on it, and thus, almoft in 
an inftant, took away the eaflern abutment. We think 
that this might have been prevented without any change 
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and complete the parallelogram MONP, and draw 

OQjDerpendicular to the axis, and produce £F, cutting 
the ordinates in E and e. It is plain that MN^is to 
MO as the weight of the arch HAA to the thruft be 
which it exerts on the joint KL (this thrult being pro¬ 
pagated through the courfe HILK) ; and that MQ^, 
or its equal be, or td, may reprefent the weight of the 
half AH. 

Let AD be called x, and DB be called y. Then 

be z= x, and eC z=. y (becaufe be is in the direction of 

the element fib). It is alfo plain, that If we make y 

conflant, BC is the fecond fluxion of x, or BC = xf 

and be and BE may be confidered as equal, and taken 

indiferiminately for x. We have alfo bC =r s/x2 •{-y\ 
Let d be the depth or thicknefs HI of the arch-flones* 

Then d s/x* -f- y* will reprefent the trapezium HL : 
and fince the circumference of each courfe increafes in 

the proportion of the radius y, dy J+ y2 ex" 

prefs the whole courfe. If j be taken to reprefent the 

fum or aggregate of the quantities annexed to it, the 
formula will be analogous to the fluent of a fluxion, and 

41 

with iron, as was pradlifed by Michael Angelo in the 
vallly more ponderous dome of St Peter’s at Rome, and 
by Sir Chriflopher Wren in the cone and the inner 

Excellency dome of St Paul’s at London. The weight of the lat- 
©f the dome ter conflderably exceeds 3000 tons, and they occalion 
©fStPaul s. a horizontal thruft which is nearly half this quantity, 

the elevation of the cone being about 6o°. This be¬ 

ing diltributed round the circumference, occafions a 

flrain on the hoop =r of the thruft, or nearly 

238 tons. A fquare inch of the worft iron, if well 
forged, will carry 25 tons with perfect fafety ; therefore 
a hoop of 7 inches broad and i^- inches thick will com¬ 
pletely fecure this circle from burfting outwards. It is, 
however, much more completely fecured; for befides a 
hoop at the bafe of very nearly thefe dimenftons, there 
are hoops in different courfes of the cone which bind it 
into one mafs, and caufe it to prefs on the piers in a di- 
re&iori exadlly vertical. The only tlirufts which the 
piers fuftain are tliofe from the arches of the body of 
the church and the tranfepts. Thefe are moft judi- 
cioufly dire&ed to the entering angles of the building, 
and are there refilled with infuperable force by the whole 
lengths of the walls, and by four folid mafles of mafon- 
ry in the corners. Whoever confiders with attention 
and judgment the plan of this cathedral, will fee that 
the thrufts of thefe arches, and of the dome, are incom¬ 
parably better balanced than in St Peter’s church at 
Rome. But to return from this fort of digreflion. 

Theory of We have feen that if b G, the thruft compounded of 
the curves the thruft bC, exerted by all the courfes above HILK, 
proper for and if the force b F, or the weight of that courfe, be 
domes. everywhere coincident with b B, the element of the 

curve, we fhall have an equilibrated dome ; if it falls 
within it, we have a dome which will bear a greater 

load; and if it falls without it, the dome will break at 
the joint. We mull endeavour to g£t analytical expref- 
fions of thefe conditions. Therefore draw the ordinates 
b b>f, BDB', CdG". Let the tangents at b and b} 

meet the axis in M, and make MO, MP, each equal to 

dysj x* 
—,orhy n—“ 
* Jdys/xx-\ry 

4* 

\Zxz 
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in the injudicious plan, if the dome had been hooped fdyj^ + f will’reprefent the whole mafs, and alfo 

the weight of the vaulting down to the joint HI. 

Therefore we have this proportion Jdy s/ x* -|- y1 

: dy </** +/ s be : l F, = be : CG, = U : CG, 

= ; : CG. Therefore CG = 

Jdy J x* +y* 

If the curvature of the dome be precifely fuch as 

puts it in equilibrium, but without any mutual preffure 
in the vertical joints, this value of OG mull be equal to 

CB, or to xj the point G coinciding with B. This 

condition will be expreffed by the equation^——— 
Jdy \/x*+yt 

*• . . i dy \/x* 4- y2 # 
= x, or, more conveniently, by 

Jdy s/ x* + / * 

But this form gives only a tottering equilibrium, inde¬ 
pendent of the friftion of the joints and the cohefion of 
the cement. An equilibrium, accompanied by fome firm 
liability, produced by the mutual preffure of the verti¬ 

cal joints, may be expreffed by the formula ——y 

J dy J 

where t is fome 

variable pofitive quantity, which increafes when x in- 
creafes. This laft equation will alfo exprefs the equi¬ 

librated dome, if / be a conflant quantity, becaufe in 

this cafe L- is zr o. 
t 

V > • 
Since a firm liability requires that + y% 

Jdy \/ x* -j- yx 
fhall be greater than and CG muft be greater than 

CB: Hence vve learn, that figures of too great curvature, 

whofe fides defeend too rapidly, are improper. Alfo, 

D 2 fince 
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1 flnce ftabiiity requires -that we have 
_ X 

greater than fdyf y\ we leant that the upper 
part of the dome mult not be made very heavy. _ 1ms, 
by diminifhing the proportion of b F to b C, dimimihes 
the angle c b G, and may fet the point G above B, 
which will infallibly fpring the dome in that place. We 
fee here alfo, that the algebraic analyfis exprefles that 
peculiarity of dome-vaulting, that the weight of the up¬ 

per part may even be fuppreiTed 
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dome, whofe outline 1*3 an undulated curve, may be made 
abundantly firm, efpecially if the upper part be convex 

and the lower concave outwards. 
The chief difficulty in the cafe of this analyfis antes 

from the neceffity of expreffing the weight of the in- 

cumbent part, or fcly W + /. This requires the 
meafurement of the conoidal furface, which, m molt 

cafes, can be had only by approximation by means of 

Arch. 

The fluent of the equation 
dy s/ x1 -f- y2  

Jdy \/x2+yz * 

is moil eafily found. __j .. It is L f dy %/ x2 + y2 = L * + 
'£/, where L is the hyperbolic logarithm of the quan¬ 

tity annexed to it. If we confider y as conftant, and 
correct the fluent fo as to make it nothing at the vertex, 

it may be exprefled thus, Lfdy s/x2-\-yx— Ltf=:Lx 

— by + L /• This gives us L' 
fdy y/a1 -fy1 

:L 
y 

Jjhs/**+y* _ t!Lm 
and therefore 

a j 
This laft equation will eafily give us the depth of 

vaulting, or thicknefs d of the arch, when the curve is 

For its fluxion is il fjL+jC = — 1~ - - , 
a y 

infinite feriefes. We cannot expeft that the generality 
of practical builders are familiar with this branch of ma¬ 
thematics, and therefore will not engage in it here; but 
content ourfelves with giving fucli inftances as can be 
underftood by fuch as have that moderate mathematical 
knowledge which every man fhould poflefs who takes 

the name of engineer. 
The furface of any circular portion of a fphere is ve¬ 

ry eafily had, being equal to the circle defcribed with a 

radius equal to the chord of half the arch. This radius 

is evidently <JX* -by2- # 
in order to difcover what portion of a hemifphere 

may be employed (for it is evident that we cannot, em¬ 
ploy the whole) when the thicknefs of the vaulting is 
uniform, we may recur to the equation or formula 

d y x s/ **— y2 —Jdy >/ x2 +y’2. Let a be the radius 

ay y and* 

given. 

and d = —‘r~^ ======) which is all exprefled in known 

yy \/*%+y2 . 
quantities; for we may put in place or / any power or 
function of * or of y, and thus convert the expreflion 
into another, which will Hill be applicable to all forts of 

curves. 

Inftead of the fecond member — + we might em. 
x t 

ploy £-1, where p is fome number greater than unity. 
x 

This will evidently^give a dome having ftabiiity ; be¬ 

caufe the original formula —-y====== will then be 

fdy V/** + y2 

jn . 4 
we obtain the equation yz V a 

greater than x. This will give d = 
p ax^ 1 x 

yy 1 s/ *2+y2 
Each 

of thefe forms has its advantages when applied to parti- 

a x 
cular cafes. Each of them alfo gives d zz >..—r 

yy v x2+y* 
when the curvature is fuch as is in precife equilibrium. 
And, laftly, if d be conftant, that is, if the vaulting be 
of uniform thicknefs, we obtain the form of the curve, 

becaufe then the relation of x to x and to y is given. 
The chief ufe of this analyfis is to difcover what 

curves are improper for domes, or what portions of 
given curves may be employed with fafety. Domes are 
generally built for ornament; and we fee that there is 
great room for indulging our fancy in the choice. All 
curves which are concave outwards will give domes of 

great firmnefs s They ure alfo beautiful. The Gothic 

of the hemifphere. We have * :--- 
V a — y 

Subftituting thefe values in the formula, 

7- fSlJ—. We 

eafily obtain the fluent of the fecond member = a3 — 

a1 a2—yz, andy = a s/—l + ^ Therefore 
if the radius of the fphere be one, the half breadth of the 

dome muft not exceed \/—4: + or 0,786, and 
the height will be 618. The arch frorn the vertex is 
about 510 49'. Much more of the hemifphere cannot 
ftand, even though aided by the cement, and by the 
friftion of the courfing joints. This laft circumftance, 
by giving connexion to the upper parts, caufes the 
whole to prefs more vertically on the courfe below, and 
thus diminifhes the out ward thruft ; but it at the fame 
time diminifhes the mutual abutment of the vertical 
joints, which is a great caufe of firmnefs in the vault¬ 
ing. A Gothic dome, of which the upper part is a 
portion of a fphere not exceeding 45° from the vertex, 
and the lower part is concave outwards, will be very 

llrong, and not ungraceful. 43 
But the public tafte has long rejefted this form, and Dome of 

feems rather to feledt more elevated domes than this por-St 

tion of a fphere; becaufe a dome, when feen from aat om 
fmall diftance, always appears flatter than it really is. 
The dome of St Peter’s is nearly an ellipfoid externally, 
of which the longer axis is perpendicular to the horizon. 
It is very ingenioufly conftrutted. It fprings from the 
bafe perpendicularly, and is very thick in this part. 
After riting about 50 feet, the vaulting feparates into 
two thin vaultings, which gradually feparate from each 
other. Thefe two {hells are connected together by thin 
partitions, which are very artificially dovetailed in both, 
and thus form a covering which is extremely ftiff, while 
it is very light. Its great ftiffnefs was neceffary for en¬ 
abling the crown of the dome to carry the elegant ftone 

lanthern 
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•—Y-' and has not its equal in the world ; but it is an enor¬ 
mous load in companion with the dome of St Paul's, 
and this even independent of the difference of fize. If 
they were of equal dimenfions, it would be at leaft live 

times as heavy, and is not fo firm by its gravity ; but 
as it is conneaed in every part by iron bars (lodged in 
the folid mafonry, and well fecured from the weather by 

having lead melted all round them), it bids fair to lalt 

for ages, if the foundations do not fail. 
If a circle be defcribed round a centre placed any- 

Plate If. where in the tranfverfe axis AC (fig. 18. N' t.) of an 
ellipfe, fo as to touch the ellipfc in the extremities B, b, 
of an ordinate, it will touch it internally, and the circu¬ 
lar arch B ab will he wholly within the elliptical arch 
BA b. Therefore, if an elliptical and a fpherical vault¬ 
ing fpring from the fame bafe, at the fame angle with 
the horizon, the fpherical vaulting will be within the 
elliptical, will be flatter and tighter, and therefore the 
weight of the next courfe below will bear a greater pro¬ 
portion to the thru ft in the dire&ion of the curve ; 
therefore the fpherical vaulting will have more liability. 
On the contrary, and for fnnilar reafons, an oblate el¬ 
liptical vaulting is preferable to a fpherical vaulting 
fpringing with the fame inclination to the horizon. 

44 (Fig. 18. N°2). 
Dimenfions Perfuaded, that what lias been faid on the fubjeCl 

convinces the reader that a vaulting perfectly equilibra¬ 
ted throughout is by no means the beft form, provided 
that the bale is fecured from feparatiug, we think it un- 
neceffary to give the invefhgation of that form, which 

has a confiderable intricacy ; and (hall content ourfelves 
with merely giving its dimenfions. The thicknefs is 
fuppofed uniform. The numbers in the firtt column of 
the table exprefs the portion of the axis counted from 
the vertex, and thofe of the fecond column are the 

lengths of the ordinates. 

of the befl 
form of a 
dome. 

AD DB AD DB AD DB 

0,4 100 610,4 1080 299c 1360 

3>4 200 744 n 4° • 3442 l600 

11,4 300 9° 4 1200 3972 l640 

26,6 4°° I IOO 1260 4432 167O 

52,4 
500 l336 1320 495 2 1700 

9L4 600 1522 136° 1 5336 1720 

146,8 700 J738 1400 j 5756 1740 
223,4 800 1984 1440 6214 1760 

326,6 900 2 27O 1480 6714 1780 

465>4 1000 2602 1520 j 7260 1 800 

The curve delineated in fig. 19. is formed according' 
to thefe dimenfions, and appears deftitute of graceful- 
nefs ; becaufe its curvature changes abruptly at a little 
diftance from the vertex, fo that it has fome appearance- 
of being made up of different curves pieced together. 
But if the middle be occupied by a lanthern of equal, 
or of fmaller weight, this defeCt will ceafe, and the whole 
will be elegant, nearly refembJing the exterior dome of 

St Paul's in London. 

Advantage* It is not a fmall advantage of dome-vaulting that it« 
©f dome- is lighter than any that can cover the fame area. If, 

Suiting, moreover, it be fpherical, it will admit confiderable va¬ 
rieties of figure, by combining different fpheres. Thus,, 

a dome may begin from its bafe as a portion of a large 
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wonderful performance, hemifphere, and may be broken off at any horizontal 

courfe, and then a fimilar or a greater portion of a iaial- “v*— 

ler fphere may fpring from this courfe as a bafe. It 

alfo bears being interfered by cylindrical vaultings in 
every direction, and the interfe&ions are exaCt circles, 
and always have a plealing effeCT It alfo fprings mod 

gracefully from the heads of fmall piers, or from the 
corners of rooms of any polygonal fhape; and the arches 
formed by its interfe&ions with the walls are always cir¬ 
cular and graceful, forming very handfome fpandrels in 
every pofition. For thefe reafons Sir Chriftopher Wren 

employed it in all his vaultings, and he has exhibited 
many beautiful varieties in the tranfepts and the aifles 
of St Paul's, which are highly worthy of the obferva- 
tion of architects. Nothing can be more graceful than 
the vaultings at the ends of the north and fouth tran¬ 
fepts, efpeciatly as finifhed off in the fine infide view 
publifhed by Gwynn and Wale. ^ 

We conclude this article with obfervingr that theEffeifls of 

connexion of the parts, arifing from cement and from-^.™?nt 

friction, has a great effeCt on dome-vaulting. In the domeTault- 
fame way as in common arches and cylindrical vaulting, ing, 
it enables an overload on one place to break the dome 

in a diftant place. But the reiiftance to this effeCt is 
much greater in dome-vaulting, becaufe it operates all 
round the overloaded part. Hence it happens that domes 

are much lefs fhatterecl by partial violence, fuch as the 
falling of a bomb or the like. Large holes may be bro¬ 
ken in them without much affeCting the reft ; but, on 
the other hand, it greatly diminifhes the ftrength which 
fhould be derived from the mutual preffure in the verti¬ 
cal joints. FriClioii prevents the Hiding in of the arch 
Hones which produces this mutual preffure in the verti¬ 
cal joints, except in the very higheft courfes, and even 
there it greatly diminifhes it. Thefe caufes make a 
great change in the form which gives the greateit 
ftrength ; and as their laws of aCtion are but very im« 

perfectly underftood as yet, it is perhaps impoffible, in 
the prefent ftate of our knowledge, to determine this 
form with tolerable precifiom We fee plainly, how¬ 
ever, that it allows a greater deviation. from the beft 
form than the other kind of vaulting, and domes may 
be made to rife perpendicular to the horizon at the 
bafe, although of no great thicknefs; a thing which 
muft not be attempted in a plane arch. The immenfe 
addition of ftrength which may be derived from hoop¬ 
ing, largely compenfates for all defeCts ; and there is 
hardly any bounds to the extent to which a very thin 
dome-vaulting may be carried, when it is hooped or 
framed in the direftion of the horizontal courfes. The 
roof of the Halle du Bled at Paris is but a foot thick, 
and its diameter is more than 200, yet it appears to> 
have abundant ftrength. It is, on the whole, a noble, 
fpecimen of architecture. 

, 45 

We muft not conclude this article without taking ThelfoV- 
notice of that magnificent and elegant arch which has bridge at 
been ereCted in caft 'iron at Weremouth, near. Sunder-Sunderlan‘d 
land, in the county of Durham. The inventor, and ar, defenbed. 

chiteCt is Rowland Burdon, Efq; one of the repre- 
fentatives of that county in the prefent Parliament. 

This arch is a fegment of a circle whofe diameter is 
about 444 feet.. The fpan or cord of the arch is 236 
feet, and its verfed fine or fpring is 34 feet. It fprings 

at the elevation of 60 feet from the furface of the ri-. 
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ver at low water, fo that veffUs of 200 or perhapsjoo 
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The rife having been all trimmed and put together, 

fo as to form the exa& curve, the bolts are all taken 
out, and the horizontal bridles are then fet on in their 

places, and the bolts are again put in and made fad by 
the forelocks. The bolts now pafs through the lhoul- 

ders of the bridles, through the wrought iron bars, and 
through the cad iron arm that is between them, and 
the forelocks bind all fad together. The manner in 
which this connexion is completed is diftin&ly feen in 
fig. 2. which fhews in perfpe£tive a double block ia 
front, and a fingle block behind it. The butting joints 
of the two front blocks are at the letters E, E, E ; the 
holes in the fhoulders of the horizontal crofs pieces are 

at H. t # 
This conftru&ion is beautifully fimple and very judi-its con- 

cious. A vad addition of drength and of ftiffnefs isdrudion 

o7each fide, which is expreffed by the darker (hading, procured by lodging the wrought iron bars in groove* 
three inches broad and three-fourths of an inch deep, formed in the cad iron rails; and for thispurpole it isolJ 
A fe£tion of this block, through the middle of KL, is great importance to make the wrought iron bars fill the 

- -• * ~ ^ grooves completely, and even to be fo tight as to re- 

tons burden may pafs under it in the middle of the 

ftream, and even 50 feet on each fide of 
The fweep of the arch confids of a femes of frames ot 

cad iron, which butt on each other, in the fame man¬ 
ner as the vouffoirs of a done arch. One of theie 
frames or blocks (as tfe (hall call them in future) is re- 

Plate IV prefented in fig. 1. as feen in front. It is^cad in one 
piece; and confids of three pieces or arms BC, BC, BC, 
the middle one of which is two feet long, the upper be- 
ing fomewhat more, and the lower fomewhat lefs, be- 
caufe their extremities are bounded by the radius drawn 
from the centre of the arch. Thefe arms are four inches 
fquare, and are conneaed by other pieces KL, of fuch 
length that the whole length of the block is five feet in 
the diredion of the radius. Each arm has a flat groove 

4* 

reprefented by the light-fhaded part BBB, in which the 
grooves are more diftindly perceived. Thefe grooves 
are intended for receiving flat bars of malleable iron, 
which are employed for coimeaing the different blocks 
with each other. Fig. 2 reprefents two blocks united 
in this manner For this purpofe each arm nas two 
fquare bolt-holes. The ends of the arms being nicely 
trimmed off, fo that the three ends butt equally clofe 
on the ends of the next block ; and the bars of ham¬ 
mered iron being alfo nicely fitted to their grooves, fo 
as to nil them completely, and have their bolt holes ex¬ 
actly correfponding to thofe in the blocks, they are put 
together in fuch a manner that the joints or meetings 
of the malleable bars may fall on the middle between 
the bolt-holes in the arm3. Flat headed bolts of wrought 
iron are then put through, and keys or forelocks are 
driven thro’ the bolt-tails, and thus all is firmly wedged 
together, binding each arm between two bars of wrought 
iron. Thefe 'bars are of fuch length as to conned feve- 

ral blocks. 
In this manner a fevies of about 125 blocks are joined 

together, fo as to form the precife curve that is in¬ 
tended. This feries may be called a rib, and it ftands 
in a vertical plane- The arch confifts of fix of thefe 
ribs, diftant from each other five feet. Thefe ribs are 
connected together fo as to form an arch of 32 feet in 
breadth, in the following manner: 

Fig. 3. reprefents one of the bridles or crofs pieces 
which conned the different ribs, as it appears when 
viewed from below'. It is a hollow pipe of caff iron, 
four inches in diameter, and has at each end two pro- 
jeding fhoulders, pierced with a bolt-hole near their ex¬ 
tremities, fo that the diftance between the bolt-holes in 
the fhoulders of one end is equal to the diftance between 
the holes in the arms of the blocks, or the holes in the 
wrought iron bars. In the middle of the upper and of 
the under fide of each end may be obferved a fquare pro¬ 
minence, more lightly fhaded than the reft. Thefe pro¬ 
jections alfo advance a little beyond the flat of the fhoul¬ 
ders, forming between them a (hallow notch, about an 
inch deep, which receives the iron of the arms, where 
they butt on each other, and thus gives an additional 
firmnefs to the joint. The manner in which the arms 
are thus grafped by thefe notches in the bridles is more 
diftindly feen in fig. 2. at the letter H in the middle of 
4he upper rail. 

quire the force of the forelocks to 'draw them home to 
the bottom of the grooves. There can be no doubt but 

that this aich is able to withftand an enormous pref- 
fure, as long as the abutments from which it fprings do 
not yield. Of this there is hardly any ri(k, becaufe 
they are maffes of rock, faced with about four or fiv£ 
yards (in fome places only) of folid block mafonry. 
The mutual thrufts of the frames are all in the diredion 
of the rails, fo that no part bears any tranfverfe drain. 
We can hardly conceive any force that can overcome 
the ftrength of thofe arms by preffure or cradling them. 
The manner in which the frames are conneded into one 
rib, effedually fecures the butting joints from flipping; 
and the accuracy with which the whole can be execu¬ 
ted, fecures us againft any warping or deviation of a rib 

from the vertical plane. 
But when we conlider the prodigious fpan of this 

arch, and refled that it is only five feet thick, it fliould 
feem that the moft perfed equilibration is indifpenfably 
neceffary. It is but like a film, and mull be fo fupple 
that an overload on any part muft have a great ten* 
dency to bend it, and to caufe it to rife in a diftant 
part ; and this effed is increafed by the very firm¬ 
nefs with which the whole (licks together. The over¬ 
loaded part ads on a diftant part, tending to break 
it with all the energy of a long lever. This can be 
prevented only by means of the ftiflnefs of the diftant 
part. It is very true, the arch cannot break in the ex- 
trados except by tearing afunder the wrought iron bars 
which conned the blocks along the upper rail, and each 
of thefe requires more than a hundred tons to tear it 
afunder ; yet an overload of five tons on any rib at its 
middle will produce this drain at twenty feet from the 
Tides, fuppofing the Tides held firm in their pofition. It 
were deferable therefore that fomething were done to 
ftiffen the arch at the (ides, by the manner of filling up 
the fpandrels, or fpace between the arch and the road- ^ 
way. This is filled up in a manner that is extremely Though fo 

light and pleafing to the eye, namely, by large call ironone parti- 
circles, which touch the extrados of the arch and touch 

the road-way. The road-way reds on them as on foha^offoi' 
many hoops, while they reft on the back of the arch, provement. 
and alfo touch each other laterally. We cannot think 
that this contributes to the ftrength of the arch ; for 

thefe hoops will be eafily compreffed at the points of 

contact, 
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Architec iittle refiftance. We think that this part of the arch 
we' might have been greatly ftiffened and {lengthened, by 

--v ' connefting it with the road-way by truffed frames, in 
the fame way that a judicious carpenter would have fra¬ 
med a roof. If a ftrong call iron pillar had been made 
to reft on the arch at about 20 feet from the impoit, 
and been placed in the direftion of a radius, the top ot 
this pillar might have been cor.ne&ed by a diagonal bar 
of wrought iron with the impofl of the arch, and with 
the crown of the arch by another firing or bar of the 
fame materials. Thefe two ties would caufe the radial 
pillar to prefs flrongly on the back of the arch, and 
they mull be torn afunder before it could bend in that 
place in the fmalleft degree. Suppofing them of the 
fame dimenfions as the bars in the arms, their pofition 
would give them near ten times the force for refilling the 
Hrain produced by an overload on the crown. 

This beautiful arch contains only 260 tons of iron, 
of which about 55 are wrought iron. The fuperflruc- 
ture is of wood, planked over a-top. This floor is co¬ 
vered with a coating of chalk and tar, on which is laid 
the materials for the carriage road, confiding of marie, 
lime done, and gravel, with foot-ways of flag dones at 
the fides. The weight of the whole did not exceed a 
thoufand tons ; whereas the lighted done arch which 
could have been ere&ed would have weighed fifteen 
thoufand. It was turned on a very light but lliff fcaf- 
folding, mod judicioufly condru&ed for the prefervation 
of its form, and for allowing an uninterrupted paffage 
for the numerous (hips and fmall craft which frequent 
the bufy harbour of Sunderland. The mode of framing 
the arch was fo Ample and eafy, that it was put up in 
ten days! without an accident ; and when all was fi- 
tiifhed, and the fcaffolding removed, the arch did not 
fenfibly change its form. The whole work was execu¬ 
ted in three years, and cod about L.. 26,000. 

ARCHITECTURE is an art of fo much import¬ 
ance, and capable of fo many embellifhments, as to 
have employed the attention and talents of men of 
fcience in almod every age, and in every country. 

* It is generally thought to have been carried to the 
utmod perfe&ion among the Greeks and Romans ; 
and it has been the aim of the mod eminent arehite&s 
of modern times to imitate with fidelity the buildings of 
thofe accomplifhed nations. There is, however, another 
fpecies of archite&ure, which was introduced into Eu¬ 
rope in the middle ages, and is of fuch a nature as to 
drike every unprejudiced obferver with admiration and 
adonifhment. The archite&ure to which we allude 
has been called, perhaps with little propriety, 

Gothic Architecture. It is that which is to be view¬ 
ed in all our ancient cathedrals, and in other large build¬ 
ings which have been ere&ed from the middle of the 
12th to the beginning of the 16th century. That fuch 
edifices have been conflru&ed on principles of fcience, 
has been (hewn elfewhere (fee Roof, £ncycL and Arch, 
In this Suppl.): but a quedion dill prefents itfelf to the 
iriquilitive mind, “ How came fuch ftru&ures to be 
thought of by a people whom we are accudomed to call 

R G 
This quedion has occupied Architec- 

the attention of many ingenious men, who have atm* u_lLy_»_J 
buted the Gothic ftyle of building, iome to necefhtv, 
and others to an imitation of the works of nature. 1 hat, 
where materials are bad, larger edifices can be erected 
in the Gothic than in the Grecian ftyle, has been made 
fufficientlv evident in the articles to which we have re¬ 
ferred ; and that neceffity is the parent of invention, is 
an adage which has been too long received to be now 
called in queftion. But whence came the peculiarities 
of the Gothic ornaments in building, the pointed arch, 
and the double row of cluttered pillars compofed o. 
(lender (hafts, which, reaching from the ground almoit 
to the roof of the building, are there fpread out in 
all dircaions, forming the ribs or groins of a vaulted 

The mod fatisfaaory folution of this queftion which 
we have feen, is in a memoir publilhed in the fourth vo¬ 
lume of the Tranfaftions of the Royal Society of Bd.n- 
burgli, by Sir James Hall, Ban. with whofe penmf- 
fion the following abitraa is laid before our readers. 

“ Although the conneaion between beauty and 
utility be ftill involved in fuch obfeurity, that we arc 
unable to decide concerning the universality of that 
conneaion, of one thing we are certain, that, in a 
work intended to anfwer fome ufeful purpofe, what¬ 
ever viiibly counteraas that purpofe always occahons- 
deformity. Hence it is, that, even where ornament 
is principally intended, the oftenhbly ufeful object ot 
the work, if it have any fuch, muft be provided tor, 
in the firft place, in preference to every other conlider- 

atiou. , . , 
“ But in moll ufeful works, fome parts occur, the 

fhape of which is quite indifferent with refped to the 
propofed utility, and which, therefore, the artifl is at 
liberty to execute as he pleafes: a liberty which, lias 
opened a wide field to the tafle and invention of inge¬ 
nious men of every age and country, who have turned 
their attention to the compofition of ornaments; and 
whofe exertions have been more or lefs influenced by 
the {late of civilization in which they lived. It would 
feem, however, if we may judge by thofe various ef¬ 
forts, that little has been effeaed by mere human in¬ 
genuity ; fince we fee that recourfe has been had, al- 
mofl univerfally, to nature, the great and legitimate 
fource of beauty ; and that ornament Jias been attain¬ 
ed by the imitation of objeas, to which (he has given 
a determinate and charadleriftic form. 

« Where the materials employed are themfelves pof- 
feffed of variety and elegance, the attainment of this ob¬ 
jea requires little or no alteration of their natural forms. 
Thus cups are made of (hells, of cocoa-nuts, or of oflrich 
eggs ; the chafer and beauty of which depend upon 
the natural form of the materials: and in the cafe of 
the bottles ufed by the Roman Catholic pilgrams, an 
example occurs of an utenfil, in which the natural form, 
has undergone little or no variation, fince it confifls of 
the hard outward fkin of a gourd, of the fame fhape in 
which it grew upon the plant (a). This lafl clafs of 
forms has been introduced, by imitation, into works 

compofed 

(A) « Even in this cafe, however, the natural form undergoes a certain degree of modification, by the device 
employed to produce the neck of the bottle. The fruit, while fmall and tender, is furrounded with a ftnng, 
which remaining during its growth; prevents the part, thus bound, from dwelling with the reft* „ 
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compol'ed of fiiapelefs materials. Thus we have filver equal to that 

cups in the form of thofe made of (hells, and fruit-difhes 

of (loneware in the form of balkets. 
« As (tone is not naturally poffeffed of any peculiar 

ihape, and as the ufeful obje& propofed, by ftruaures^ 
formed of it, may be accompliflied^in various ways, 
very great latitude is left to the invention of the artift. 
We fee, accordingly, that in every country where much 
refinement has been introduced, great pains have been 
beftowed in ornamenting (tone buildings with figures 
reprefenting various natural objects ; whilft the build¬ 
ing itfelf has been executed in imitation ot a druChtre, 
compofed of materials which naturally poffefs a deter¬ 
minate and ehara&eridic form. Such was the method 
followed by the architects of ancient Greece, who con- 
liruCted temples, and other public edifices, in imitation 
of a ruftic fabric, compofed of fquare beams, fupported 
upon round pods or Hems of trees, and who derived the 
numerous ornaments of that beautiful dyle from circum- 
dances which would naturally take place in fuck, a ftruc- 

ture. 
“ A faint and didant refemblance, however, of the 

original, has generally been found to anfwer all the end 
propofed by the imitation ; a refemblance, which may 
iometimes be traced in the general didribution of the 

edifice, fometimes in its minute parts, and not unfre- 

quently in both. 
“ But the forms of nature thus introduced have been 

greatly modified by thofe of mafonry. For though 
itone is by nature (hapelefs, yet, in the courfe of prac¬ 
tice, many peculiar forms have been long edablifhed, 
and currently employed, in working it ; fuch as draight 
lines, plain furfaces, fquare angle.s, and various mould¬ 
ings 11 fed to foften the effeCt of abrupt terminations : 
all of which, originating in motives of mechanical con¬ 
venience, and of fimple ornament, had, in very early 

.times, been appropriated to mafonry, and confidered as 
efiential in every fin idled work of done ; fo that, when 
the imitation of nature was introduced, thefe mafonic 
forms dill maintained their ground, and, being blended 
with the forms of nature, the two clafies reciprocally 
modified each other. 

“ This combination of art with nature, of which we 
fee the mod perfeCt example in the Corinthian capital, 
produces what are called architeCtonic forms, in which 
the variety of nature, being fubjeCted to the regularity 
of art, the work acquires that peculiar character which, 
in a natural objeCt, we coniider as offenfive, under the 
name of formality ; but which, in architecture, we ad¬ 
mire as a beauty, under the name of fymmetry : thus, 
we reprobate the formality of an avenue, and praife the 
fymmetry of a colonnade. 

i( Such is the nature of archite&onic imitation ; a 
device which probably originated in accident, but to 
which archite(dure is indebted for its highed attain¬ 
ments.” 

As the done edifices of ancient Greece were con- 
■druCted in imitation ot a wooden fabric, compofed.of 
fquare beams laid at right angles on round pods or 
items of trees, Sir James conceives that the Gothic fa¬ 
brics with pointed arches have been executed in imita¬ 
tion of a rndic dwelling, condrufted in the following 
manner: Suppofe a fet of round pods driven firmly in- 
Zo the ground in two oppofite rows, the interval be- 

3 ween the neighbouring pods in the fame row being 

ARC 
between the rows, and each pod being 

rafted above the ground to a height equal to three of 
thofe intervals; then a fet of long and flexible rods of 
willow being applied to each pod, let them be thrud 
into the ground at its bafe, and bound to it by two 
tyiugs, one near the ground, and another at tWo-thirds 
of its height; the rods being left loofe from this lad 
point upwards, and free to be moved in any direction. 
Let three rods be connected with each outfide corner 
pod, and five with each of the others, and let their po- 
fition be fuch as to cover the infide of the pod, fo that 
when feen from between the rows the lower part of 

each pod (hall be concealed from the view, and prefent 
the appearance of a bundle of rods (fig. 1.) 

Things being thus difpofed, the fkeleton of a thatch¬ 
ed roof may be formed by means of the loofe ends of 
the rods. A rod from one of the pods being* fo bent 
as to meet a fimilar one from the pod immediately op¬ 
pofite to it, in the middle of the fpace between them, 
let the two rods be made to crofs each other, and let 
them be bound together at their eroding (fig. 2.), and 

we (hall have the exaCt form of the Gothic arch The 
fame being done with each pair of oppofite pods, and a 
fet of pointed arches being formed, let them be connect¬ 
ed together by means of a draight pole laid upon the 
forks of the eroding rods, and bound to each of them, 
as in fig. 3 : then let a loofe rod be brought from each 

of any two contiguous pods in the fame row, fo as to 
form a pointed arch, fimilar to that juft deferibed, and 
nearly of the fame height. This being done with every 

two contiguous pods (fig. 4 ), and a new fet of pointed 
arches being thus produced, Handing oppofite to each 
other in pairs, let each pair be bound by a horizontal 
pole lying on the oppofite forks, and eroding the lon¬ 
gitudinal pole deferibed above. 

“ Two of the rods of each corner pod, and three of 
thofe of each of the others, being thus difpofed of, we 
have one of each corner pod and two of each middle 
pod ftill to employ, which is done as follows: A pair of 
thefe unoccupied rods being brought from any two pods 
which Hand diagonally to each other, and made to meet 
in the middle, not as in the firft cafe eroding in an 
angle, but dde by fide, forming a femicircle, and join¬ 
ed together after the manner of a hoop ; and the fame 

being done with every pair of diagonal pods (dg*5«)» 
the whole rods will have been employed. 

“ In this manner a frame would be conftruCted fit to 
fupport thatch or other covering; and fuch a one has 
probably been often ufed. It would feem, however, 
that, for the fake of ftrength, the number of rods has 
been increafed in each clufter, by the introduction, be¬ 
tween every two of them, of an additional rod, which 
rifing with them to the roof, ftill continues its middle 
pofition, as they fpread afunder, and meets the horizon¬ 

tal pole at an intermediate point. This is (hown in 
fig. 6. which is drawn with its covering of thatch ; and, 
from the imitation of a dwelling fo conftruCted, we may 
eafily trace the three leading charaCteriftics of Gothic 
architecture, the pointed arch, the cludered column, 
and the branching roof, as exhibited in fig, 7.” 

Upon the fame principles Sir James Hall, with much 
ingenuity, accounts for the peculiar forms of the Go¬ 

thic door, the Gothic window, and the pointed fpire : 
but it is not our intention to fuperfede the necefiity of 

having recourfe to his memoir, but to excite the delire 

of 

Architec. 
ture. 

Plate V. 
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of our readers to perufe as well that paper as a larger 
work which he promifes on the fame fubjeft, and in 
which we doubt not but they will find both entertain- 

„ ment and inftru&ion. We fhall conclude this article, 
therefore, with an experimental proof of the juftnefs of 

his hypothefis. 
In the greater part of our late attempts at Gothic 

archite&ure, it is allowed by every man of tafte that we 
have failed. The failure is to be accounted for by the 
buildings having been conftru&ed upon no confident 
principle, applicable to every part of them, but upon a 
fervile copying of ancient edifices, of which the ftruc- 
ture was little underftood by the copiers. Sir James Hall, 
however, by applying his theory to pra&ice, has con- 
ftru&ed a building in this ftyle, which has far furpafled, 
he fays, his own expe&ation, and has certainly gained 
the approbation of every man of tafte and fcience by 
whom we have had occafion to hear it mentioned. u A 
fet of pofts of a(h, about three inches in diameter, were 
placed in two rows, four feet afunder, and at the inter- 
val of four feet in the rows; then a number of (lender 
and tapering willow rods, ten feet in length, were ap¬ 
plied to the pofts, and, in the manner which we have 
defcribed, formed into a frame, which being covered 
with thatch, produced a very fubftantial roof, under 
which a perfon can walk with eafe. 

44 This little ftrn&ure exhibits, in miniature, all the 
charadteriftic features of the Gothic ftyle. It is in the 
form of a crofs, with a nave, a choir, and a north and 
fouth tranfept. The thatch, being fo difpofed on the 
frame as not to hide the rods of which it is compofed, 
they reprefent accurately the pointed and femicircular 
arches, and all the other peculiarities of a groined roof.” 

ARCTUS, a name given by the Greeks to two con- 
fteliations of the northern hemifphere, by the Latins 
called Ursa Major and Minor, and by us the Greater 
and LeJJer Bear. 

Binary ARITHMETIC. See Binary Arithmetic, 
Encycl. 

Duodecimal Arithmetic, is that which proceeds from 
12 to. 12, or by a continual fubdivifion according to 12. 
.This is greatly ufed by moft artificers in calculating the 

quantity of their work; as bricklayers, carpenters, 
painters, tilers, &c. 

Harmonical Arithmetic, isfo much of the dodfrine 
of numbers as relates to the making the companions, 
reductions, &c. of mufical intervals. 

Arithmetic of infinites, is the method of fumming 
up a feries of numbers, of which the number of terms 
is infinite. This method was firft invented by Dr Wal¬ 
lis, as appears by his treatife on that fubjeft ; where 
he (hows its ufes in geometry, in finding the areas of 
fuperficies, the contents of folids, &c. But the method 
of fluxions, which is a kind of univerfal arithmetic of 
infinities, performs all thefe more eafily, as well as a 
great many other things, which the former will not 
reach. 

Logifiical Arithmetic, a name fometimes employed 
for the arithmetic of fexagefimal fraftions, ufed in aftro- 
nomjcal computations. Shakerly, in his Tabul* Bri- 
tannica, has a table of logarithms adapted to fexagefi¬ 
mal fractions, which he calls logifiical logarithms: and 
the expeditious arithmetic, obtained by means of them, 
ke calls logifiical arithmetic. The term logifiical arith* 

Suppl. Vol. I. Part I, 
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metic, however, or logfiics, has been ufed by Vieta and Arithmetic 
others for the rules of computations'in algebra. li 

Political Arithmetic. See Political Arithmetic, J^rtcdl*Tj 
Encycl. ' v ^ 

Sexagefimal Arithmetic. See Arithmetic (Iifi.) 
Encycl. 

Petraftic Arithmetic, is that in which only the four 
characters o, r, 2, 3, are ufed. A treatife of this kind 
of arithmetic is extant by Erhard or Echard WeigeL 
But both this and binary arithmetic are little better 

than curiofities, efpecially with regard to praCtice ; as 
all numbers are much more compendioufly and conve¬ 
niently expreffed by the common decuple fcale. 

Univerfal Arithmetic, is the name given by New¬ 
ton to the fcience of algebra ; of which he left at Cam¬ 
bridge an excellenc treatife, being the text-book drawn 
up for the ufe of his leCtures, while he was profeffor of 
mathematics in that univerfity. 

ARITHMETICAL complement, of a loga* 
rithm, is what the logarithm wants of 10*00000, &c. 
and the eafieft way to find it is, beginning at the 
left hand, to fubtraCt every figure from 9, and the laft 
from 10. 

ARTEDI (John), was born in the year 1705, in 
the province of Angermania, in Sweden. From na¬ 
ture he inherited an ardent pafiion for all branches of 
natural hiftory, but he excelled moft in that branch of 
it which is termed itchthyology. In 1 724 he went to 
ftudy at the univerfity of Upfal, where feme years after¬ 

wards he gained the friendfhip of the immortal Linnaeus, 
who narrates the principal events of his life in the fol¬ 
lowing animated terms. 

44 In 1728 (fays Linnaeus) I came from Lund to 
Upfal. I wifhed to devote myfelf to medicine. I in¬ 

quired who, at that univerfity, excelled moft for his 
knowledge : every one named Artedi. I was impa¬ 
tient to fee him. I found him pale, and in great di- 
ftrefs for the lofs of his father, with his thin hair ne- 

gleCted. He refembled the portrait of Ray the natu- 
ralift. His judgment was ripe, his thoughts profound, 
his manners Ample, his virtues antique. The converfa- 
tion turned upon (tones, plants, animals. I was enchant¬ 

ed with his obfervations, equally ingenious and new ; 
for at the very firft he was not afraid to communicate 
them tome with the. utmoft franknefs. I defired his 
friendfhip, he afked mine. From that moment we form¬ 
ed a friendfhip ; which we cultivated with the greateil 
ardour for feven months at Upfal. I was his belt friend, 
and I never had any who was more dear to me. How 

fweet was that intimacy ! With what pleafnre did we 
fee it increafe from day to day ! The difference, even 
of our characters, was ufeful to us. His mind was more 
feyere, more attentive ; he obferved more (lowly, and 

wnh greater care. A noble emulation animated us. 
As 1 defpaired of ever becoming as well inftru&ed in 
chemiftry as he, I abandoned it; he alfo ceafed to flu- 

dy botany wnh the fame ardour, to which I had devo- 
ted myfelf in a particular manner. We continued thus 
to ftudy different branches of fcience; and when one of 

us excelled the. other, he acknowledged him for his 
mafter. We diiputed the palm in ichthyology ; but 
foon l was forced to yield, and I abandoned that part 
of natural hiftory to him,, as well as the amphibia I 

fuccceded better than he in the knowledge of birds and 

^ infedts, 
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Artedi. infefts, and he no longer tried to excel in theft branch 
> es We marched together as equals in lithology, and 

the h.'Rory of quadrupeds. When one of us made an 
obfervation, he communicated it to the other : fcarce a 
day paffed in which one did not learn from the other 
fome new and interefling particular. Thus emulation 
excited our induflry, and mutual afiiflance aided our ef¬ 
forts In fpite of the diRance of our lodgings, we law 
each'other every day. At laR I fet out for Lapland ; 
he went to London. He bequeathed to me his manu- 

fcripts and his books. 
ln 1725 I went to Leyden, where I found Ar¬ 

tedi. I recounted my adventures ; he communicated his 
to me. He was not rich, and therefore was unable to 
be at the expence of taking his degrees in phyfic. I 
recommended him to Seba, who engaged him topublifh 

his work on fifties. Artedi went to join him at Am- 

fterdam^rcei^ ^ j my Fundamenta Botanica. 

I communicated it to him; he let me fee his Philofophia 
Ichthyologies He propofed to finifh as quickly as pof- 

fible the work of Seba, and to put the laft hand to it. 
He fhowed me all his manuferipts which I had not.feen. 
I was preffed in point of time, and began to be impa¬ 
tient as being detained fo long. Alas ! if I had known 
this was the laft time I fhould fee him, how ftiould I 

have prolonged it ! . , c , 
« Some days after, as he returned to fup with beba, 

the night being dark, he fell into the canal. Nobody 
perceived it, and he perifhed. Thus died, by water, 

this great ichthyologift, who had ever delighted in that 

element.” # , 
Of the works of this eminent naturalift there have 

been two editions', of which the former was publifhed 
by Linnaeus in 1738, and the latter by Dr Walbaum 
of Lubeck, in the years 1788, 1789, and 1792.. This 
edition, which is by much the moft valuable, is m three 
volumes 4to ; of which the firft contains the hiftory of 
the feienee of ichthyology, commencing feveral years 
before the Chriftian era, and coming down to the pre- 
fent times. The fecond prefents to the reader the 
Philofophia Ichthyologica of Artedi, improved by Wal¬ 
baum, who was benefited by the writings of Monro, 
Camper, Kaetfeuter, and others. Here alfo are added 
tables containing the fyftem of fifties by Ray, Dale* 
Schaeflir, Linnaeus, Gowan, Scopola, Klein, and Gro- 
novius. The third volume, which completes the col¬ 
lection of Artedi’s worksj contains the technical defini¬ 
tions of the fcience. After the generic and individual 
characters come the names and Latin phrafes of Ar¬ 
tedi ; the fynonymes of the beft naturalifts ; the vulgar 
names in Englifh, German, Swedifh, Ruffian, Danifh, 
Norwegian, Dutch, and Samoyed 5 the feafon and the 
countries where every kind is found, their varieties*, 
their defeription, and obfervations. The modern difeo- 
veries, even to our own times, are added; fo that in 
this part is collected the obfervations of Gronovius, 
Brunich, Penant, Forfter, Klein, Bloch, Gmelin, Haf- 
felquift, Broufionet, Lefke, Buift), Linnaeus, and other 

great examiners of nature* 

Artedi, 

ASTRONOMY 

IS a fcience which has been cultivated from the ear- 
lieft ages, and is converfant about the moft fnblime 

objeCfs of inquiry which can employ the mind of man. 
It has accordingly been treated at great length in the 
Encyclopedia Britannica ; but, in the opinion of fome 
of the moft judicious readers of that work, the compiler 
of the fyftem which is there delivered has failed in his 
attempt to give a perfpicuous and conne&ed view of the 

1 fcience in its prefent ftate of improvement. This defeft 
Objedt of jt jg QUr duty to remedy. Our objeft, therefore, in this 
this article. fupplementary article, will be to bring into one point of 

view the phyfical fcience which may be derived from 
the confideration of the celeftial motions ; that is, to 
deduce from the general laws of thofe motions the in¬ 
ferences with refpeCl to their fuppofed caufes, which 

conftitute the philofophy of the aftronomer. 
The caufes of all phenomena are not only inferred 

from the phenomena, but are charadferifed by them ; 
and we can form no notion of their nature but what we 
Conceive as competent to the phenomena themfelves. 
The aftronomical phenomena are aflumed to be the mo¬ 
tions of the bodies, which we call the/ww, the planets, the 
comets, &c. The notion which we exprefs by the word 
body in the prefent cafe, is fuppofed to he the fame with 
that which we form of other objedls around us, to 
which we give the fame name ; fuch as ftones, fticks, the 
bodies of animals, See. Therefore the notion which we 
have of the caufes of the celeftial*motions muft be the 
fame with that which we have of the caufes of motion 

in thofe more familiar bodies. All men feem to have Metaphor 

agreed in giving the name forces, or moving forces, 

to the caufes of thofe familiar motions. This is a ft- V^*er 
gurative or metaphorical term. The true and original 
meaning of it is, the exertion which we are confcious of 
making when we ourfelves put other bodies in motion. 
Force, when ufed without figure, always fignifies the 
exertion of a living and a&ing thing. We are more 
interefted in thofe produ&ions of motion than in anyh 
other, and our recolledlions of them are more numerous*. 
Hence it lias happened that we ufe the fame term to 
exprefs the caufe of bodily motion in general, and fay 
that a magnet has force, that a fpring has force, that 

a moving body has force. 
Our own force is always exerted by the intervention of 

our own body ; and we find that the fame exertion bf 
which we move a ftone, enables us to move another 
man ; therefore we conceive his body to refemble a 
ftone in this refpeft, and that it alfo requires the exer¬ 
tion of force to put it in motion. But when we reflect 
on our employment of force for producing motion in a 
body, we find ourfelves puzzled how to account for the 
motion of oui* own bodies. Here we perceive no in¬ 
tervening exertion but that of willing to do it; yet we 
find that we cannot move it as we pleafe. We alfo find 
that a greater motion requires a greater exertion. It 
is therefore to this exertion that the refle&ing man re- 
ftrains the term force ; and he acknowledges that every 

other ufe of it is metaphorical, and that it is a refem- 
blance 
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blance in the ultimate effed alone which difpofes us to 
employ the term in fuch cafes : but we find no great 

inconvenience in the want of another term. 
We farther find, that our exertion is neceffary, not 

only for producing motion where there was none be¬ 
fore, but alfo for producing any change of motion ; 
and accurate obfervation (hews us, that the fame force 
is required for changing a motion by any given quan¬ 

tity, as for producing that quantity where there was 

none before. 
Laftly, we are confcious of exerting force when we 

refill the exerted force of another; and that an exertion, 
perfe&ly fimilar to this, will prevent fome very familiar 
tendencies to motion in the bodies around us : thus an 
exertion is neceffary for carrying a weight, that is, for 

preventing the fall of that weight. 
All thefe refemblances between the effeds of our for¬ 

cible exertions and the changes of motion which ac¬ 
company the meeting, and fometimes the mere vicinity 
of other bodies, juflify us in the ufe of this figurative 
language. The refemblance is found to be the more 
perfed as we obferve it with more care, and, in fhort, 
appears to be without exception. Bodies are therefore 
faid to aft on each other, to rejijl each other, to refijl a 

change of motion, &c. : 
Therefore, wherever we obferve a change of motion, 

we infer the exiflence and exertion of a changing force; 
and we infer the diredion of that exertion from the di-. 
redion of the change; and the quantity of the exer¬ 

tion, or intenfity of the force, from the quantity of the 

change. 
The ftudy of the caufes of the celeftial motions is 

therefore hardly different from the ftudy of the motions 

themfelves; fince the agency, the kind, and the degree 
of the moving force, are immediate inferences from the 
exiflence, the kind, and the quantity of the change of 
motion. 

four notion Our notion of a moving power is that of a power 
of a moving which produce^%otion, that is, a fuccefiive change of 
power. place. Continuation of the motion produced is there¬ 

fore involved in the very notion of the produdion of 
motion ; therefore the continued agency of the moving 
power, or of any power, is not neceffary for the conti¬ 
nuation of the motion. Motion is confidered as a flate 
or condition of the body ; there is not any exertion of 
power therefore in the continuation of motion : But 
every change is indicative of a changing caufe ; and 
when the change is the fame, in all its circumftances, 
the caufe is neceffarily conceived to be the fame, or 
equal. 

The condition of a body, in refped of motion, can 
differ from that of another equal body only in its di¬ 
redion and in its velocity. If the diredions are the 
fame, the difference of conditions can only be in the 
difference of velocity. One body has a determination, 
by which it would defcribe ten feet uniformly in a fe- 
cond, if nothing changed this determination; the other 

4 lias a determination, by which it would defcribe twenty 
VTeafure of feet in a fecond. Each of thefe determinations are fup- 
novmg pofed to be the effeds of forces ading fimilarly in every 

ts' refped. Therefore thefe determinations are the only 
meafures of thefe two forces; that is, moving forces are 
conceived by us as having the proportion of the veloci¬ 

ties which they produce in a body by ading in a man¬ 
ner perfedly fimilar. 

We can conceive a force ading equally or unequally. 
If we fuppofe it to ad equally or uniformly, we fup- 

pofe that in equal times it produces equal effeds; that 
is, equal determinations, or equal changes of determina¬ 
tion. We have no other notion of equality or unifor¬ 
mity of adion. Therefore it mull produce equal aug¬ 

mentations or diminutions of velocity in equal times ; 
therefore it mud produce an uniformly accelerated or re¬ 
tarded motion. Uniformly accelerated or retarded mo- Accelera¬ 
tion is, therefore, the mark of uniform or unvaried ac-^ motion 

tion. In fuch a motion, the changes of velocity are ui* varied 
proportional to the times from the beginning of the ac-a&10n. 
tion; and if the motion has begun from reft, the whole 
acquired velocities are proportional to the times from 
the beginning of the motion. In this cafe, the lpaces 
deferibed are as the fquares of the times from the be¬ 
ginning of the motion ; and thus we arrive at an often- 
fible mark of the unvaried adion of a moving force, 
viz. fpaces increafing in the duplicate ratio of the times: 
for fpace and time are all that we can immediately ob¬ 
ferve in any motion that is continually varying ; the 
velocity or determination is only an inference, on the 
fuppofition that the motion continues unchanged for 
fome time, or that all adion ceafes for fome time. 

This abftrad reafoning is perfedly agreeable to every 
phenomenon that we can obferve with diftindnefs. 
Thus we cannot, or at leaft we do not, conceive the 
weight of a body to vary its adion during the fall. 
We confider this weight as the caufe of the fall—as the 
moving force—and we conceive it to ad uniformly. 

And, in fad, a body falling freely, deferibes fpaces 
which are proportional, not to the times, but to the 
fquares of the times, and the fall is a motion uniformly 
accelerated. In like manner, the motion of a body 
riling in the air, in oppofition to gravity, is uniformly 
retarded. 5 

This kind of motion alfo gives us a certain meafure And gives 
of the acquired velocity, although there is not, in fad, a mcafure 
any fpace obferved to be uniformly deferibed durinor ^® ac~ 

any time whatever. In this motion we know that thereby, 
final determination, produced by the accumulated or 
continued adion of the unvaried force, is fuch that the 
body would defcribe uniformly twice the fpace which it 
has deferibed with the accelerated motion. 

And it is by this method that we obtain the fimpleft 
meafure of any moving force, and can compare it with 
another. If we obferve that by the adion of one force 
(known to be uniform by the fpaces being proportion¬ 
al to the fquares of the times) ten feet have been de¬ 
feribed in a fecond, and that by the uniform adion of 
another force eighty feet are deferibed in two feconds, 
we know that the laft farce is double of the firft : for 
in the fecond motion, 80 feet were deferibed in two fe- „ 
conds, and therefore 20 feet of this were deferibed in 
the firft fecond (becaufe the motion is uniformly acce¬ 
lerated ; and at the end of a fecond, the firft body had 
a determination by which it would defcribe 20 feet 
uniformly in a fecond ; and the fecond body had ac¬ 
quired a determination by which it would have de¬ 
feribed 40 feet uniformly in the next fecond, had not 
the moving force continued to ad on it, and made it 
really defcribe 60 feet with an accelerated motion. 

Becaufe halves have the fame proportions with the 
units of which they are the halves, it is plain that we 

may take the fpaces, deferibed in equal times with mo- 

E 2 tions 
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tions uniformly accelerated, as meafures of the forces 
which have produced thofe motions. The velocities 

y generated are, however, the bed meafures. 
Meafure of When the a&ions of forces are not uniform, it is 
the vel ocity more difficult to learn what is the meafure of the velo- 
produced cjty produced by their accumulated a&ion. But it can 

be determined with equal accuracy; that is, we can de¬ 

form. termine what is the velocity which would have been pro¬ 
duced by the uniform a&ion of the force during the fame 
time, and therefore we obtain a meafure of the force. 
Mathematicians are farther able to demonftrate, that if 
forces vary their continued a&ion in any manner what¬ 
ever, the proportion of the fpaces defcribed by two bo¬ 
dies in equal times approaches nearer and nearer to the 
proportion of the fpaces which they would defcribe in 
thofe times by the uniform a&ion of the forces, as the 
times themfelves are fmaller ; and therefore whenever 
we can point out the ultimate ratio of the fpaces de¬ 
fcribed in equal times, thefe times being dimimfhed 
without end, we obtain the ratio of the forces. 

Motions may be changed, not only in quantity, by 
acceleration or retardation, but alfo in dire&ion, by de¬ 

flecting a body from its former dire&ion. When a 

£late VI. body, moving uniformly in the dire&ion AB (fig. I.), 
has its motion changed in the point B, and, inftead of 
deferibing BC uniformly in the next moment with the 
former velocity, deferibes BD uniformly in that mo¬ 
ment, it is plain that the motion BD will be the fame, 
whether the body had begun to move in A, or in F, 
or in G, or in B, provided only that its determination 
to move, or its velocity, be the fame in all thofe points. 
Complete the parallelogram BCDE. It is well known, 
that if one force a& on the body which would make it 
defcribe BC, and another which would make it defcribe 

Intensity BE, the body will defcribe BD. Hence we learn, 

and d'rcc- that when a body has the motion BC changed into the 
tion cf de- motion BD, it has been a&ed on in the point B by a 
fleftmg forCe which would have caufed a body at reft in B to 

defcribe BE. Thus we can difeover the intenfity and 
direAion of the tranfverfe force which produces any de¬ 
flection from the former direction. In general, the force 
is that which would have produced in a body at reft that 
motion BE, which, when compounded with the former 
motion BC, produces the new motion BD. 

Thefe two principles, viz. lit, that forces are propor¬ 
tional to the velocities which they produce in the fame 
circumftances, and, 2d, the compofition of motion or 
forces, will ferve for all the phyfical inveftigations in 
aftronomy. All the celeftial motions are curvilineal, 
and therefore are inftances of continual defle&ion, and 
of the continual a&ion of tranfverfe or defle&ing forces. 
We muft therefore endeavour to obtain a general mea¬ 
fure of fuch continual defle&ing forces. 

MfcamreoF Let two bodies A and a (fig. 2.) defcribe in the fame 
thefe forces time the arches AC, ac of two circles. They are de¬ 
tained. fleCled from the tangents AB, a b. Let us fuppofe that 

the diredion of the defle&ing forces is known to be 
that of the chords AE, ae of thefe circles. Let thefe 
be called the deflective chords. Draw CB, cb pa¬ 
rallel to AE, a e, and CD, cd parallel to AB, ab. 
Join AC, ac, CE, and c e, It is plain that the angle 
BAC is equal to the angle CEA in the alternate feg- 
ment. Therefore ACD is alfo equal to it ; and, be- 
caufe the angle CAD is common to the two triangles 

CAD and EAC, thefe. two triangles are fimilar, and 

r o N o M Y. 

AD : AC = AC 
AC5 

: AE, and AD = For firm- 
A L 

lar reafons a d == But AD and ad are refpec- 
ae AC2 

tively equal to BC and b c. Therefore BC = 
AE * 

AC2 

and be = Therefore BC : b c = 

BC : be = AC'Xae: ac'XATL. But BC and b c be¬ 
ing refpe&ively equal to AD and ad, are equal to the 
fpaces through which the defying forces would have 
impelled the bodies from a ftate of reft in the time of 
deferibing the arches AC, ac. Therefore, when thefe 
times are diminifhed without end, the ultimate ratio of 
AD and a d is the ratio of the forces which defleCf the 
bodies in the points A and a. But it is evident that 
the ultimate ratio of AC to a c is the ratio of the ve¬ 
locity in the point A to the velocity in the point a; 
becaufe thefe arches are fuppofed to be defcribed in 
the fame or equal times. Therefore the defle&ing for¬ 
ces, by which bodies are made to defcribe arches of 
circles, are to each other as the fquares of the velocities 
dire&ly, and as the defle&ive cords of thofe circles in- 
verfely. This ratio may be expreffed fymbohcally thus, 

V* «D2 . . , . 
F * f z= 77* : —5 or thus, in a proportional equation, 

J L c 

J * c * 
It is eafy to fee that in this laft formula f expreues 

direaiy the line be, or the fpace through which the 
body is aaually made to deviate from re&ilineal motion 
in the time of deferibing the arch a c. It is a third 
proportional to ae the defleaive chord, and ac the arch 
of the circumference defcribed in a fmall moment of 
time. This is the meafure afforded immediately by ob- 
fervation. We have obferved the arch AC that is de¬ 
fcribed, and know the dire&ion and the length of AE 
from fome circumftances of the cafe. The formula which 

comes to us, when treating this queftipu by the help of 

2 v1 
fluxions, is f =2 —. This is perhaps a more proper 

exprefiion of the phyfical fa& ; for it expreffes twice 
the line b c, or the meafure of the velocity which the 
defle&ing force would have generated in the body by 
a&ing on it during .the time of its deferibing the arch 
a c. But it is indifferent which meafure we take, pro¬ 
vided we always take the fame meafure. The firft ma¬ 
thematicians, however, have committed miftakes by mix¬ 

ing them. 
The planets, however, do not defcribe circles : but 

all the curves which can be defcribed by the a&ion of 
finite defle&ing forces are of fuch a nature, that we can 
defcribe a circle through any point, having the fame 
tangent, and the fame curvature which the planetary 
curve has in that point, and which therefore ultimately 
coalefces with it. This being the cafe, it is plain that 
the planet, while paffing through a point of the curve, 
and deferibing an indefinitely fmall arch of it, is in the 
fame condition as if deferibing the coincident arch of 
the equicurve circle. Hence we obtain this moft gene¬ 
ral propofition, that the tranfverfe force by which a pla¬ 
net is made to defcribe any curve, is direSly as the fquare 
of its velocity, and inverfely as the dejleftive chord of the 

equicurve circle. 
Farther: The velocity of a body in any point A 
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(fitr. 2.) of the curve, is equal to that which the deflec¬ 
tive force in that point would generate in the body by 
a&ing uniformly on it along AF, one-fourth part of 
the deflective cord AE of the equicurve circle. It is 
the fame which the body would acquire at F, after a 

uniformly accelerated motion along AF. 
For it is certain that there is foine length AF, fuch 

that the velocity acquired at F is the fame with the ve¬ 
locity in the point A of the curve. Draw FG parallel 
to the tangent, and join AG. Make the arch ACL 
= 2AF. Then, becaufe the fpace deferibed with a 

uniformly accelerated motion is one half of the fpace 
which would be uniformly deferibed with the final ve¬ 
locity, the arch ACI would be uniformly deferibed 

with the velocity which the body has at A in the time 
that AF is deferibed with the uniformly accelerated mo¬ 
tion ; and the arch AB w ill be to the arch AI as the 
time of deferibing AB to that of deferibing AI ; that 
is, as the time of falling through AD to that of tailing 
through AF. But the motion along AF being uni¬ 
formly accelerated, the (paces are as the fquares of the 
times. Therefore AD is to AF as the fquare of the 

arch AC to the fquare of the arch AI. But AD is 
to AF as the fquare of the chord AC is to the fquare 
of the chord AG. Therefore the arch AC is to the 
chord AC as the arch AI is to the chord AG. But the 
arch and chord AC are ultimately in the ratio of equa¬ 
lity. Therefore the chord AG is equal to the arch AI. 
Therefore AG is double of AF. But becaufe the tri¬ 
angles FAG and GAE are fimiiar, AF is to AG as 
AG to AE ; and therefore AE is double of AG and 
quadruple of AF. Therefore the velocity at A in the 
curve is that which would be produced by the uniform 
impulfe of the deflecting force along the fourth part of 

I0 the defleCtive chord of the equicurve circle. 
Twoufeful Thefe two afteCtions or properties of curvilineal mo- 
affections of tions are of the moil exteniive ufe, and give 3n eafier 
curvilineal ^qutjor} Qf queitions than we obtain by the more 
motions* ufuai methods, and deferve to be kept in remembrance 

bv fuch as engage much in the difeufiion of queftions 

of this kind. 
Thus the inveftigation of the forces which regulate 

the planetary motions is reduced to the ta/k of difeo- 
vering the velocity of the planet in the different points 
of its orbit, and the curvature in thofe points, and the 

ir pofition of the defleCtive chords. 
Phyfical The phyfical fcience of aftronomy mud confift in the 
feience of difeovery of the general law’s which can be affirmed with 
aiionomy rejpe£ to t}le exerti0n of thofe forces, whether with re- 

fpeCt to their direction or the intenfity of their aClion. 
If the mechanician can do more than this, and fhow that 
every motion that is obferved is an immediate or remote 
confequence of thofe general laws, he will have comple¬ 
ted the fcience, and explained every appearance. 

Comvfeted This has accordingly been done by Sir lfaac Newton 
by Newton and his followers. Sir lfaac Newton has difeovered the 
and general law’s which regulate the exertions of thofe forces 

which produce the planetary motions, by reafoning from 
general phenomena which had been obferved with a cer¬ 
tain precifion before his time ; and has alfo fhown that 
certain confiderable deviations from the generality which 
he fuppofed to be perfeCt were neceffary confequences 
of the very univerfality of the phyfical law, although the 
phenomenon was not fo general as was at firft imagined. 
He has gone farther, and has pointed out fome other 

minute deviations which mufl refult from the phyfical 
law, but which the art of obfervation was not then fuf- 
fieiently advanced to difeover in the phenomena. This 
excited the efforts of men of fcience to improve the art 
of aftronomical obfervation ; and not only have the inti- f*qow- 
mations of Newton been verified by modern obfervation, ers>. 
but other deviations have been difeovered, and, in pro- 
cefs of time, have alfo been fhown to be confequences 
of the fame general law of agency : And, at this pre- 
fent day, there is not a Angle anomaly of the planetary 
motions which has not been fhown to be a modification 
of one general law which regulates the aCtion ; and 
therefore charaCterifes the nature of that fingle force 
which aCtuates the whole fyflem of the fun, and his at¬ 

tending planets and comets. 
It was a molt fortunate circumflance that the confti- 

tution of the folar fyflem was fuch that the deviations 
from the general law are not very confiderable. The 
cafe might have been far otherwife, although the law, 
or nature of the planetary force, were the fame, and 
the fyflem had been equally harmonious and beautiful. 
Had two or three of the planets been vaflly larger than 

they are, it would have been extremely difficult to dif¬ 
eover any laws of their motion fufficiently general to 
have led to the fufpicion or the difeoverv of the univer- 
fal law of action, or the fpecific circumflance in the pla¬ 
netary force which difiinguifhes it from all others, and 
charaCterifes its nature. But the three laws of the pla¬ 
netary motions difeovered by Kepler were fo nearly 
true, at lead with refpeCt to the primary planets, that 
the deviations could not be obferved, and they were 
thought to be exaCt. It was on the fuppofition that 
they were exaft, that Newton affirmed that they were 
only modifications of one law ftill more general, nay 

univerfal. 
We (hall follow in order the fteps of this inveftiga- 

tion. r4 
Sir lfaac Newton took it for granted, that the fun The fleps 

and planets confided of matter which refembled thofeby wl.i h 

bodies which we daily handle, at leafl in refpeCt of^^Pr0‘ 
their mobility ; and that the forces which agitate 
them, confidered merely as moving forces, but without 
confidering or attending to their mode of operation,, 
were to be inferred, both as to their direction and as 
to their intenfity, from the changes of motion which 
were aferibed to their agency. He fir A endeavoured 
to difeover the direction of that tranfverfe force by 
which the planets are made to difeover curve lines. 
Kepler’s firft law furnifned him with ample means for 
this difeovery. Kepler had difeovered, that the right 
line joining the fun and any planet deferibed areas propor¬ 
tional to the times. Newton demon ft rated, that if a 
body was fo carried round a fixed point fituated in the 
plane of its motion, that the right line joining it with 
that point deferibed areas proportional to the times, 
the force which deflected it from an uniform rectilineal 
motion was continually direCted to that fixed point. 
This makes the 2d propofition of his immortal work 
The Mathematical Principles of Natural Philofophy, and 
it is given in the article Astronomy of the- Encyclo¬ 
paedia Britannica, § 260. 

Hence Sir lfaac Newton inferred, that the primary- 
planets were retained in their orbits by a force conti¬ 
nually directed to the fun ; and, becaufe Kepler’s law 

of motion was alfo obferved by the fecondary planets 

in 



3$ 
ASTRO 

in their revolutions round their refpedive primary pla- 

„ nets, this inference was extended to them. 
Centripetal From the circnmftance that the planetary deflecting 
forces forces in the different points of the orbit are always di- 

<re&ed toward one point as to a centre, they have been 

called CENTRIPETAL FORCES. 

Velocity of From this propofition may be deduced a corollary 
a planet in which eftablifhes a general law of the motion of any 
the diffe- inet in the different parts of its orbit, namely, that 

•ofits orbit! the velocity which a planet has in the different points 
* of its path are inverfely proportional to the perpendi- ^ 

culars drawn from the fun on the tangents to the orbit 
in thofe points refpedively. For, let AB, ab (fig. 3.) 
be two arches (extremely fmall), defcribed in equal times, 
thefe arches muff be ultimately proportional to the ve- 
locities with which they are defcribed. Let SP, S p 
be perpendicular to the tangents AP, a p. The tri¬ 
angles ASB, a S b are equal, becaufe equal areas are 
defcribed by the radii veftores S A, S a, in equal times : 
but in equal triangles, the bafes AB, a b, are recipro¬ 
cally as their heights SP, Sp, or AB : a b^zz Sp : SP. 

This corollary gives us another expreffion of the ra¬ 
tio of the centripetal forces in different points A and a of 
a curve. We faw by a former propofition, that the force 

at A (fig. 2.) is to the force at a as AC2 X a e to 
a c1 X AE, which we may exprefs thus : F :/ = V2 
X c : v1 X C. If we exprefs the perpendiculars SP, S p 
(in fig. 3.) by the fymbols P,/>, we have V2 : v~ = p1: P2, 
and therefore F : / = p1 X r : P2 X C. . The centripetal 
forces in different points of an orbit are in the ratio com¬ 
pounded of the inverfe duplicate ratio of the perpendiculars 
drawn to the tangents in thofe points from the centre of 
forces, and the inverfe ratio of the defledive chords of the 

equicurve circles. 
Law of We are now in a condition to determine the law of 
adtion of a£lion of the centripetal force by which a planet is re- 

* etaUorce ta^ne(^ in *ts orbit round the fun, or the relation which 
peca 02cea fubfHts between the intenfity of its adion and the di- 

ftance of the planet from the fun : for we know the el¬ 
liptical figure of the orbit, and we can draw a tangent 
to it in any point, and a perpendicular from the fun to 

that tangent. 
' Kepler’s fecond law or obfervation of the planetary 

motions was, that each primary planet defcribed an ellipfe, 
having the fun in one focus. It is eafy to fhow, even 
without any knowledge of the geometrical properties of 
the ellipfe, what is the proportion of the intenfities of 
the defleding force at the aphelion and perihelion (fee 
fig. 4.) At thofe two points of the orbit, the motion 
of the planet is at right angles to the line joining it 
with the fun. Therefore, fince the areas defcribed in 
equal times are equal, the arches defcribed in equal times 
muff be inverfely at the diffances from the fun ; or the 
velocities muff be inverfely as the diffances from the 
fun. But the curvature in the aphelion and perihelion 
is the fame ; and therefore the diameters of the equi¬ 
curve circles in thofe points are equal. But thofe dia¬ 
meters are, in this particular cafe, what we called the 
defledive chords. Therefore, calling the aphelion and 
perihelion diffances D and d, the velocities in the aphe¬ 
lion and perihelion V and v, let the common defledive 
chord be C. Then we have F : / = V2 X C : v1 X C, 
~ V2 ; v7, = d1 : D\ That is, the forces which de¬ 
fied! the planet in the aphelion and perihelion are in¬ 
verfely as the fquares of the diffances from the fun. A 
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perfon almoft ignorant of mathematics may fee the truth 
of this by looking into a table of natural verfed lines. 
He will obferve, that the verfed fine of one degree is 
quadruple the verfed fine of half a degree, and lixteen 
times the verfed fine of a quarter of a degree ; in Ihort, 
that the verfed fines of fmall arches are in the propor¬ 
tion of the fquares of the arches. Now fince the arches 
defcribed in equal times are inverfely as the diffances, 
their verfed fines are inverfely as the fquares of the di- 
ftances. But thefe verfed fines are the fpaces through 
which the centripetal forces at the aphelion and peri¬ 
helion defied the planet from the tangent. There¬ 

fore, &c. # • 
Thus we have found, that in the aphelion and peri¬ 

helion the centripetal force ads with an intenfity that 
is proportional to the fquares of the diffances inverfely. 
As thefe are the extreme fituations of a planet, and as 
the proportion of the aphelion and perihelion diffances 
are confiderably different in the different planets, and 
yet this law of adion is obferved in them all, it is rea¬ 
sonable to imagine that it holds true, not in thofe fitua¬ 
tions only, but in every intermediate fituation. But a 
conjedure, however probable, is not fufficient, when 

we aim at accurate fcience, and it is neceffary to exa¬ 
mine whether this law of adion is really obferved in 

every point of the elliptical orbit. 5g 
For this purpofe it is neceffary to mention fome geo- Demonftra- 

metrical properties of the ellipfe. Therefore let AD BE ted with re 
(fig. 4.) be the elliptical orbit of a planet or comet, fpe& to ti{i 
having the fun in the focus S. Let AB be the tranf-eart * | 
verfe axis, and DE the conjugate axis, and C the centre. 
Let P be any point of the ellipfe. Draw PS through 
the Focus. Draw the tangent PN, and SN from the 
focus, perpendicular to PN. Draw PQ^perpendicular 
to PN, meeting the tranfverfe axis in Q. Draw QO 
parallel to PN, meeting PS in O. Alfo draw QR per¬ 

pendicular to PS. Bifed PO in T. 
It is demonftrated in the treatifes of conic fedions, 

that PO is one half of the chord of the equicurve or of- 
culating' circle drawn through the point P. Therefore 
PO is one half of the defledive chord of the planetary 
orbit. It is alfo demonftrated, that PR is one half of 
the parameter or latus reClum of the tranfverfe axis AB, 
or that it is the third proportional to AC and DC. 
Therefore PR or D r is of the fame conftant magni¬ 
tude, in whatever part of the circumference the point 

P is taken. 
It is evident that the triangles NSP, RPQ^ and 

QPO, are all fimilar, by reafon of the parallels PN, QO, 

and the right angles SNP, PRQ, PQQ. Therefore 
we have PR : PQ^rr PQ: PO. Therefore PR : PO 
= PR2 : ?Q\ = SN2 : SP2. Therefore PR X SP2 
= PO X SN2. But the latus redum L is equal to 
twice PR, and the defledive chord C is equal to twice 

PO. The refort: L X SP2 = C X SN2. But we have 
feen, that when a curve is defcribed by means of a cen¬ 
tripetal force, fo that areas are defcribed proportional 
to the times, and therefore the velocities are reciprocal¬ 
ly proportional to the perpendiculars drawn from the 
centre of forces to the tangents, the forces are inverfely 
proportional to C X SN2. Therefore, in the elliptical 
motion of the planets, the forces are inverfely propor¬ 
tional to L X SP3; and fince L is a conftant quantity, 
the centripetal forces are inverfely proportional to SP2, 

or to the fquares of the diffances from the fun. 
Thus . 
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Thus it appears that, with refpeX to any individual 

planet, the centripetal force which continually defleXs 
it from the tangent to its orbit diminilhes in the inverfe 

bfervedmduplicate ratio of the diflance from the fun. The fame 
ie motion thing is obferved to be very nearly true in the moon’s 
the moon motjon round the earth, and in the motion of fuch fa- 

c* tellites of Jupiter and Saturn as defcribe. orbits which 
are fenlibly elliptical. It is alfo obferved in the.motion 
of the comets, at lead in that which appeared in 1682 

and in 1759. 
It was therefore very natural for Sir Ifaac Newton to 

examine whether the like diminution of force obtained 
in the aXion of this force on different planets ; that is, 
whether the deflexion of the earth from the tangent of 
its orbit was to the fimultaneous defleXion of Jupiter 
as the fquare of Jupiter’s diftance from the fun to. the 
fquare of the earth’s diftance. This was very probable, 
but by no means certain. Its probability is very.great 
indeed, when we know that a comet moves fo in its or¬ 
bit that its defleXions in equal times are inverfely as 
the fquares .of its diftances from the fun, and that the 
comet paffes through the orbits of all the planets ; and 
when at the fame diftance from the fun as any one of 
them, it fuffers the fame deflexion with it. Newton 
therefore calculated the aXual fimultaneous deflexions 
of the different planets, and found them agreeable to 

j2? this law. But it was defirable to obtain a demonftra- 

monftrated tion of this important propofition in general terms. . This 
in general was fupplied by Kepler’s third general obfervation of 
' ms* the motions, viz. that the fquares of the periodic times of 

the different planets were proportional to the cubes of their 
mean di/lances from the fun. The orbits of the planets 
are fo nearly circular, that we may fuppofe them ex¬ 
actly fo in the prefent queftion, without any remark¬ 
able error. I11 this cafe, then, the defleXive chords are 
the diameters of the orbits (for DS is equal to AC), 
and are proportional to the diftances, which are their 
halves. The centripetal forces, being proportional to 

—, are proportional to -j-, when d is the radius of the 

orbit, or the mean diftance from the fun. But the ve¬ 
locity in a circular orbit is as the circumference direXly, 
and as the tifne of a revolution inverfely. Therefore, 

d2 
inftead of v2> we may write -pr, and then the forces will 

dx d 
be proportional to —, or to that is, direXly as the 

diftances, and inverfely as the fquares of the times of re¬ 
volution. But, by Kepler’s obfervation, n is propor¬ 
tional to ds. Therefore the centripetal forces are pro¬ 

portional to -^3, or to -ji ; that is, inverfely as the 

fquares of the mean diftances from the fun. 

But iince the orbits of the planets are not accurate 
circles, this determination is but an approximation to 
the truth, and therefore infufflcient for the foundation 
of fo important a propofition ; at any rate, it will not. 
apply to the comets, whofe orbits are very far from be* 
ing circular. We mult obtain a more accurate demon- 

ftration. 
Therefore draw SD (fig* 4*) to the extremity of the 

conjugate axis, and bifeX it in /. About S, with the 
radius SD, defcribe the circle DFG. Let D </, D be 
equal fmall arches of the ellipfe and the circle. Join 
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J S, j S. It is well known that DS is half of the chord 
of the equicnrve circle at D, and therefore D t is one 
fourth part of it. It lias been demonftrated, that the 
velocity in any point D of a curve, defcribed by. means 
of a defleXing force, is that which the force in that 
point would communicate to it by uniformly impelling 

it along the fourth part of the defleXive chord, that is, 
along D t. But if a body revolved round S in a circle 
DFG, its velocity in that circle would be that which 
the defleXing force would communicate to it by uni¬ 
formly impelling it along one-fourth of the diameter, that 
is, along D t. Therefore the planet, if projeXed.in the 

direXion D <?, with the velocity which it has in the 
point D of the ellipfe, would defcribe the circle DFG 
by the aXion of the centripetal force. Farther, it 
would defcribe it in the fame time that it deferibes the 
ellipfe ; for becaufe the velocities are equal, the areas 
DSd, DSJ are defeibed in the fame time. But the 
bafes Dd, D<r being equal, thefe areas are as their 
heights S n (or CD), and SD (or CA). But becaufe 
the diameter of the circle is equal to AB, the area of 
the whole ellipfe is to the area of the circle as CD is to 
CA ; that is, as the area DS d to the area DS / de¬ 
fcribed in the fame time. Therefore the elliptical and 
circular areas are fimilar portions of the ellipfe and cir¬ 
cle ; and therefore the times of deferibing them are fi¬ 
milar portions of fhe whole revolutions in the ellipfe 
and in the circle. Therefore thefe revolutions are per¬ 

formed in equal times. 
And thus it follows, that if all the planets and co¬ 

mets were projeXed, when at their mean diftances from 
the fun, perpendicularly to the radii vedores, they would 
defcribe circles round the fun, and the fquares of their 
periodic times would be proportional to the cubes of 
their mean diftances from the fun, as Kepler has ob¬ 
ferved ; and therefore the centripetal forces would 
be inverfely as the fquares of their diftances from the 

fun. # # ** 
They are not different forces therefore which retain All the pla- 

the different planets in their refpeXive orbits, but one^V^l"" 
force, aXing by the fame law upon them all. We may refpe(c*ivc 
either conceive it as an attraXive force, exerted by the orbits by 
fun, or as a tendency in each planet; nay, nothing™^ and^the 

hinders us from conceiving it as a force external, both ame 01 Ca 
to fun and planets, impelling them towards the fun. It 
may be the impulfe of a ftream of fluid moving conti¬ 
nually towards the fun. Sir Ifaac Newton did not con¬ 
cern himfelf wdth this queftion, but contented himfelf 
with the difeovery of the law according to which its ac¬ 
tion was exerted. The fteps of this inveftigation (hew¬ 
ed him, that a body, projeXed in any direXion what¬ 
ever, and with any velocity whatever,, and fubjeXed to 
the aXion of a force direXed to the fun, and inverfely * 
proportional to the fquaie of the diftance from the fun, 
will neceffarily defcribe a conic fcXion, having the fun 
in the focus. This will be a parabola, if the velocity 
of projeXion be that which the centripetal force in that 
place would communicate to the body by aXing on it 
uniformly along a line equal to half its diftance from the 
fun. If the velocity be greater than this, the path will 
be a hyperbola ; if the velocity be lefs than this, the 
path will be an elliptical orbit, in which the body will 
revolve for ever round the fun. 

The 3d Keplerean law is alfo obferved in the revolu¬ 

tions of the fatellites of Jupiter, Saturn, and the lately 
difeovered5 



4° A S T R 
diTcovered planet; and we muft infer from it, that they 
are retained in their orbits round their refpeXive pri» 
mary planets, by forces whofe intenfity decreafes ac¬ 
cording1 to the fame law of the diftances. Alfo the el¬ 
liptical motion of the moon round the earth, (hews that 
the force by which the is retained in her orbit varies in 
the fame proportion of the diftances. But when we 
compare the motion of a fatellite of Jupiter with that 
of one of the fatellites of the other two planets, we find 
that the proportion does not hold. We fhall find that, 
at equal diftances from Jupiter and Saturn, the force 
toward Jupiter is almoft thrice as great as the force to¬ 
ward Saturn. We fhall alfo find that the force toward 
Jupiter is three hundred times greater than the force 
which retains the moon in its elliptical orbit round the 

earth, when acting at the fame diftance. 
Since a force directed to the fun, and inverfely as the 

fquare of the diftance, is thus found to pervade all the 
.planetary orbits, it is highly improbable that it will not 
affeX the fecondary planets alfo. The moon accompa¬ 
nies the earth in its motion round the fun. It may ap¬ 
pear fuificient for this purpofe, that the moon be re¬ 
gained in its orbit by a force directed to the earth. Were 
the moon conneXed with the earth by a rope or chain, 
this would be true ; for the earth could get no motion 
without dragging the moon along with it : but it is 
quite otherwife with bodies moving in free fpace, with¬ 
out any material connexions. When a body that is 
moving uniformly in a ftraight line is accompanied by 
another which defcribes around it areas proportional to 
the times, the force which continually defleXs this fa¬ 

il tellite is always dircXed to the moving central body. 
The fatel- This is eafily feen ; for whatever be the mutual aXion 

the8 ua’t two bodies, and their relative motions in confequence 
iiibjc&ed to of this aXion, if the fame velocity be impreffed at once 
this folar on both bodies in the fame direXion, their mutual ac- 
a&ion. tions and relative motions will he the fame as they 

would have been without this common impulfe. Thus 
every thing is done in a fhip that is failing fteadily in 
the fame manner as if file were at reft. If therefore the 
moon be obferved to defcribe areas round the earth, 
which are precifely proportional to the times, while the 
earth moves in an orbit round the fun, we muft infer that 
the moon receives, in every inftant, an impulfe the fame 
in every refpeX with what the earth receives at the fame 
inftant; or that the moon is aXed on by a force paral¬ 
lel to the earth’s diftance from the fun, and proportion¬ 
al to the fquare of that diftance inverfely. Now this 
is very nearly true of the lunar motions ; and we 
muft infer that the moon is fubjeXed to this folar ac¬ 
tion, or this tendency to the fun. The fame muft be 
affirmed of the fatellites of the other planets. 

But a force inverfely proportional to the fquare of 
the earth’s diftance from the fun is not what the univer- 
fality of the law requires: It muft be inverfely as the 
fquare of the moon’s diftance from the fun; and it muft 
not be parallel to the earth’s diftance from the fun, but 
muft be direXed toward the fun ; and therefore, in the 
quadratures, it muft converge to the earth’s radius vec¬ 
tor. Therefore, fince a force having the above men¬ 
tioned conditions will allow the defcription of areas 
round the earth exaXly proportional to the times, a 
force aXing on the moon, inverfely proportional to the 
fquare of her diftance from the fun, and direXed exaX¬ 

ly to the fun, is incompatible with the accurate ellipti- 

*3 
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cal motion round the earth. At new’ moon, her ten- 
dency to the fun exceeds the earth’s tendency to him, 
and this excels will diminifh her tendency to the earth, of the ' 
and her motion will be lefs incurvated, fo that fhe moon's 

will retire a little from the earth. At full moon, the motion 

earth’s tendency to the fun exceeds the moon’s tenden¬ 
cy to him, and the earth will feparate a little from the 
moon, fo that the relative orbit will again be lefs incur- 
vated. In the quadratures, the impulfe on the moon is 
indeed equal to that on the earth, but not parallel, and 
tends to make the moon approach the earth, and increafe 
the curvature of her orbit. In other fituatiofs of the 
moon, this want of equality and parallelifm of the forces 
aXing on the earth aud moon, muft produce other dis¬ 
turbances of the regular elliptical motion. 

Newton faw this at once ; and, to his great delight, 
he faw that the great deviations from regular motion, 
which had been difeovered by Ptolemy and Tycho Brahe, 
called the Annual Equation, the Variation, and the Evee- 
tion, were fuch as molt obvioufly refulted from the re¬ 
gular influence of the fun on the moon. The firft de¬ 
viation from the regular elliptical motion is occafioned 
by the increafe of the fun’s difturbing force as the earth 
approaches the perihelion ; and it enlarges the lunar or¬ 
bit, by dirqinifhing the tendency to the earth, and in- 
creafes the periodic time. The fecond arifes from the 
direBion of the difturbing force, by which it accelerates 
the moon’s angular motion in the fecond and fourth 
quadrants of her orbit, and retards it in the firft and 
third. The laft affeXs the eccentricity of the orbit, by 
changing the ratio of the whole or compound tendency 
of the moon to the earth in her perigee and apogee. 
This fuccefs incited him to an accurate examination of 
the confequences of this influence. It is the boaft of May be cal 
this difeovery of the law of the planetary defleXions, cuUted 

that all its effeXs may be calculated with the utmoft ^on^re' 
precifion. The part of the moon’s defleXion toward 
the fun, which is neither equal nor parallel to the fimul- 
taneous defleXion of the earth, may be feparated from 
the part which is equal and parallel to it, and it may 
be called the fun’s difturbing force. Its proportion to 
the moon’s defleXion towards the earth may be accu¬ 
rately afeertained, and its inclination to the line of the 
moon’s motion in every point of her orbit may be point¬ 
ed out. This being done, the accumulated effeX of 
this difturbing force after any given time, however va¬ 
riable, both in direXion and intenfity during this time, 
may be determined by the 39th and other propofitions of 
the firft book of the Mathematical Principles of Natural 
Philofophy. And thus may the moon’s motion, when 
fo difturbed, be determined and compared with her mo¬ 
tion really obferved. 

All this has been done by Sir Ifaac Newton with the 
moft aftonifliing addrefs and fagacity,/wa mathefi facem 
preferente, partly in the Principia, and partly in his 
Lunje Theoria. This inveftigation, whether we con- 
fider the complete originality of the whole procefs, or 
the ingenuity of the method, or the fagacity in feeing 
and clearly diferiminating the different circumftances of 
the queftion, or the wonderful fertility of refource, or 
the new and moft refined mathematical principles and 
methods that he employed—muft ever be confidered as 
the moft brilliant fpecimen of human invention and rea- 
foning that ever was exhibited to the world. 

In this inveftigation Newton not only determined the 
quantity, 
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quantity, the period, and the changes of thofe inequa 
lities, which had been fo confiderable and remarkable as 
to be obferved by former aftronomers, and this with an 
exa&nefs far furpaffing what could ever be attained by 
mere obfervation; but he alfo pointed out feveral other 
periodical inequalities, which were too fmall, and too 
much implicated with the reft, ever to be difcovered or 
to be feparated from them. We do not fay that he 
completed the theory of the lunar motions; but he 
pointed out the methods of inveftigation, and he fur- 
niftied all the means of profecuting it, by giving the 

world the elements of a new fpecies of mathematics, 
without which it would have been in vain to attempt it. 
Both this new mathematics, and the methods of apply¬ 
ing it to fuch queftions, have been affiduoufly ftudied 
and improved by the great mathematicians of this cen¬ 
tury; and the lunar theory has been carried to fuch a 
degree of perfe&ion, that we can compute her place in 
the heavens for any paft age without deviating above 
one minute of a degree from the a&ual obfervation. 

There is one empirical equation of the moon’s mo¬ 
tion which the comparifon of ancient and modern eclip- 
fes obliges the aftronomers to employ, without being 
able to deduce it, like the reft, a priori, from the theory 
of an univerfal force inverfely proportional to the fquare 

The fecu- of the diftance. It has therefore been confidered as a 
lar equa. (tumbling block in the Newtonian philofophy. This 

Imoon’s Is what is called tbe fecu[ar fqwUton of the moon’s mean 
{mean di-f motion. The mean motion is deduced from a compari- 
ftance fon of diftant obfervations. The time between them, 

being divided by the number of intervening revolutions, 
gives the average time of one revolution, or the mean 
lunar period. When the ancient Chaldean obfervations 
are compared with thofe of Hipparchus, we obtain a 
certain period ; when thofe of Hipp&chus are compa¬ 
red with fome in the 9th century, we obtain a period 
fomewhat fhorter ; when the laft are compared with 
thofe of Tycho Brahe, we obtain one dill fhorter ; and 
when Brahe’s are compared with thofe of our day, we 
obtain the fhorteft period of all—and thus the moon’s 

mean motion appears to accelerate continually; and the 
accelerations appear to be in the duplicate ratio of the 
times. The acceleration for the century which ended 
in 1700 is about 9 feconds of a degree ; that is to fay, 
the whole motion of the moon during the 17th centu- 
ry mull be mcreafed 9 feconds, in order to obtain its 
motion during the 18th; and as much muft be taken 
from it, or added to the computed longitude, to obtain 
its motion during the 16th; and the double of this mull 
be taken from the motion during the 16th, to obtain 
its motion during the 15th, &c. Or it will be fufficient 
to calculate the moon’s mean longitude for any time 
pad or to come by the fecular motion which obtains in 
the prefent century, and then to add to this longitude 
the produA of 9 feconds, multiplied by the fquare of 
the number of centuries which intervene. Thus having 
found the mean longitude for the year 1200, add 9 fe¬ 
conds, multiplied by 36, for fix centuries. By this me¬ 
thod we (hall make our calculation agree with the moft 
ancient and all intermediate obfervations. If we negleA 
this correction, we (hall differ more than a degree from 

the Chaldean obfervations of the moon’s place in the 
heavens. 

The mathematicians having fucceeded fo completely 
m deducing all the obferved inequalities of the planeta- 
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ry motions, from the fingle principle, that the defleA- 
ing forces diminiflied in the inverfe duplicate ratio of 
the diftances, were fretted by this exeption, the reality 
of which they could not conteft. Many opinions were 
formed about its caufe. Some have attempted to de¬ 
duce it from the aAion of the planets on the moon ; 
others have deduced it from the oblate form of the 
earth, and thd tranflation of the ocean by the tides; 
others have fuppofed it owing to the refinance of the 
ether in the celeftial fpaces; and others have imagined 
that the aAion of the defleAing force requires time for 
its propagation to a diftance: But their deduAions have 

been proved unfatisfaAory, and have by no means the 
precifion and evidence that have been attained in the 
other queftions of phyfical aftronomy. At laft M. de 
la Place, of the Royal Academy of Sciences at Paris, 

has happily fucceeded, and deduced the fecular equation 
of the moon from the Newtonian law of planetary de- 
fleAion. It is produced in the following manner : 

Suppofe the moon revolving round the earth undi-r* f6 
fturbed by any defkAion toward the fun, and that the ^^the 
time of her revolution is exaAly afeertained. Now let Newtonian 
the influence of the fun be added. This diminifhes herIawof In¬ 
tendency to. the earth in oppofition and conjuriAion, de* 

and increafes it in the quadratures: but the diminutions*ledtlon* 
exceed the augmentations both in quantity and dura¬ 
tion ; and the excefs is equivalent to T4^th of her ten¬ 
dency to the earth. Therefore this diminiflied tenden¬ 
cy cannot retain the moon in the fame orbit ; fhe muft: 
retire farther from the earth, and deferibe an orbit which 

is lefs incurvated by -y-T^-th part ; and (lie muft employ 
a longer time in a revolution. The period therefore 
which we obferve, is hot that which would have obtain¬ 
ed had the moon been influenced by the earth alone. 

We fhould not have known that her natural period was 
increafed, had the difturbing influence 'of the fun re¬ 

mained unchanged; but this varies in the inverfe tri¬ 
plicate ratio of the earth’s diftance from the fun, and is 
therefore greater in our winter, when the earth is nearer 
to the fun. This is the fource of the annual equation, 
by which the lunar period in January is made to exceed 

that in July nearly 24 minutes. The angular velocity 
of the moon is diminiflied in general and this nu¬ 
merical coefficient varies in the inverfe ratio of the cube 
of the earth’s diftance from the fun. If we expand this 
inverfe cube of the earth’s diftance into a feries arran¬ 
ged according to the fines and cofines of the earth’s 
mean motion, making the earth’s mean diftance unity, 
we ffiall find that the feries contains a term equal to 4- 
of the fquare of the eccentricity of the earth’s orbit. 
Therefore the expreffion of the diminution of the moon’s 
angular velocity contains a term equal to of this ve¬ 
locity, multiplied by | of the fquare of the earth’s ec¬ 
centricity ; or equal to the produA of the fquare of the 

eccentricity, multiplied by the moon’s angular velocity 
and divided by 119,33 (4 of 179). Did this eccentri¬ 
city remain conftant, this produA would alfo be con¬ 
front, and would ftill be confounded with the general 
diminution, making a conftant part of it: but the ec¬ 
centricity of the earth’s orbit is known to diminifh, and 
its diminution is the refult of the univerfality of the 
Newtonian law of the planetary defleAions. Although 
this diminution is exceedingly fmall, its effeA on the lu¬ 

nar motion becomes fenfible by accumulation in the 

courfe of ages. The eccentricity diminifhing, the dimi- 

F mitioa 
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nution of the moon’s angular motion muft alfo diminifh, 

that is, the angular motion muft increafe. 
During the 18th century, the fquare of the earth s 

eccentricity has diminifhed 0,0000015325, the mean 
diftance from the fun being == i. This has increafed the 

angular motion of the moon in that timeo,oooooco 1 285* 
As this augmentation is gradual, we muft multiply the 
angular motion during the century by 3he half of this 

quantity, in order to obtain its accumulated effeCt. This 
will be found to be 9" very nearly, which exceeds that 
deduced, from a moil careful comparifon of the motion 
of the laft two centuries, only by a fradion of a fe- 

cond ! 
As long as the diminution of the fquare ot the eccen¬ 

tricity of the earth's orbit can be fuppofed proportion¬ 
al to the time, this effedl will be as the fquares of the 
times. When this theory is compared with obferva- 
tions, the coincidence is wonderful indeed. T.he effeCt 
on the moon's motion is periodical, as the change of the 
folar eccentricity is, and its period includes millions of 
years. Its effed on fhe moon's longitude will amount 
to feveral degrees before the fecular acceleration change 

to a retardation. . 
Thofe who are not familiar with the difquifitions ot 

modern analyfis, may conceive this queftion in the fol¬ 

lowing manner. 
Let the length of a lunar period be computed tor the 

earth's diftance from the fun for every day of the year. 
Add them into one fum, and divide this by their num¬ 
ber, the quotient will be the mean lunar period. This 
will be found to be greater than the arithmetical me¬ 
dium between the greateft and the leaft. Then fuppofe 
the eccentricity of the earth's orbit to be greater, and 
make the fame computation. The average period will 
be found ftill greater, while the medium between the 
greateft and leaft periods will hardly differ from the 
former. Something very like this may be obferved 
without any calculation, in a cafe very fimilar. The 
angular velocity of the fun is inverfely as the fquare of 
his diftance. Look into the folar tables, and the great¬ 

eft diurnal motion will be found 3673', an(^ ^e leaft 
343 f. The mean of thefe is 3553", but the medium 
of the whole is 3548''. Now make a fimilar obfervation 
in tables of the motion of the planet Mars, whofe ec¬ 
centricity is much greater. We (hall find that the me¬ 
dium between the greateft and leaft exceeds the true 
medium of all in a much greater proportion. . 

Certainty Thus has the patient and affiduous cultivation of the 
and utility Newtonian difeoveries explained every phenomenon, and 
«£ this law. enabled us to forefee changes in them which no examU 

nation of the pail appearances, unaffifted by this theory, 
could have pointed out, and which muft have exceed¬ 
ingly embarraffed future aftronomers This great but 
fimple law of deflection reprefents every phenomenon of 
the fyftem in the moll minute circumftances. Far 
from fearing that future experience may overturn this 
law, we may reft affured that it will only confirm it 
more and more; and we may confide in its molt remote 
confequences as if they were actually obferved. 

Reciprocal .It is difeovered by obfervation, that the defleCtion of 
deflection the moon to the earth, and of the planets to the fun, 
of the earth are accompanied by an equal and oppofite deflection of 

^ nr0<k.n’ the earth to the moon, and of the fun to the planets. 
funandVlL The tendency of the earth to the moon is plainly in- 
nets, dicated by the rife of the waters of the ocean under the 

N O M Y. 
moon, and on the oppofite fide of the earth. Sir Ifaae 
Newton tried what fhould be the refult of a tendency ot 
the water to the moon. His inveftigation of this quef¬ 

tion was very fimilar to that in his lunar theory. We 
may conceive the moon to be one of many millions of 
particles of a fluid, occupying a globe as big as the lu¬ 
nar orbit. Each will feel a fimilar difturbing force, 

which will diminifh its tendency to the earth in the 
neighbourhood of the place of conjunction and oppofi- 
tion, and will increafe it in the neighbourhood of the ^ 
quadratures. They cannot therefore remain in equili-Proved bj 

brio in their fpherical form ; they muft fink in the qua*™ e^bind 
dratures, and rife in the conjunaion and oppofition,, till mg of thc 
their greater height compenfates for the diminifhed fea> 

weight of each particle. In like manner, the wateis of 
the ocean muft fink on thofe parts of the earth where 
the moon is feen in the horizon, and muft rife in thofe 
which have the moon in the zenith or nadir. All thefe 

tffe&s are not only to be feen in general, but they may 
all be calculated, and the very form pointed out which 
the furface of the ocean muft affume ; and thus a ten¬ 
dency of every particle of the ocean to the moon, in¬ 
verfely proportional to the fquare of its diftance from 
it, gives us a theory of the ebbing and flowing of the 
fea. This is delivered in fufficient detail in the article 
Tide of the Encyclopaedia Britannica, and therefore 

need not be infilled on in this place. The fame infe¬ 
rence muft be drawn from the precefliou of the equi¬ 
noxes produced by the aCtion of the moon on the pro¬ 

tuberant matter of our equatorial regions. See Pre¬ 

cession in the Encycl, . 30 
But the mutual tendency of the earth and moon is And by d 

clearly feen in a phenomenon that is much more fimple. ferent coi 

If we compute the fun's place in the heavens, on the 
fuppofition that the earth deferibes areas proportional pjace in t 

to the times, we fhall find it to agree with obfervation heavens, 
at every new and full mooli: But at the firft quarter 
the fun will be obferved about 9 feconds too much ad¬ 
vanced to the eaftward ; and at the laft quarter he will 
be as much to the weftward of his calculated place. In 
all intermediate politions, the deviation of the obferved 
from the computed place of the fun will be 9 feconds, 
multiplied by the fine of the moon's diftance from coir- 
jiindion or oppofition. In fhort, the appearances will 

be the fame as if it were not the earth which deferibed 
areas proportional to the times round the fun, but that 
a point, lying between the earth and moon, and very 
near the earth's furface, were deferibing the elhpfe round 
the fun, while the earth and moon revolve round this 
point in the courfe of a lunation, having the point al¬ 
ways in the line between them, in the fame manner as 
if they were on the extremities of a rod which turns 
round this point, while the point itfelf revolves round 

the fun. 
This then is the fa£l with refpeCt to the motions ; 

and the earth in a month deferibes an orbit round this 
common centre of the earth and moon. It cannot do 
this unlefs it be continually defleded from the tangent 
to this orbit ; therefore it is continually defleded to¬ 
ward the moon : and the momentum of this deflection, 
that is, its quantity of motion, is the fame with that of 
the moon's defleClion, becaufe their diftances from the 
common centre are as their quantities of matter in¬ 

verfely. 
Appearances perfe&ly fimilar to thefe oblige us to 

affirm 
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Obferva- 

aftlrm that the fun is continually’ defieXed toward the 
planets. Aftronomical inftruments, and the art of ob¬ 
serving, have been prodigioufly improved fince Sir Ifaac 
Newton’s time ; and the moil fcrupulous attention has 
been paid to the fun’s motion, becaufe it is to his place 
in the univerfe that continual reference is made in com¬ 
puting the place of all the planets. He is fuppofed at 
reft in the common focus of all their orbits ; and the 
obferved diftance of a planet from the fun is always con- 
fidered as the radius vedor. If this be not the cafe, 
the orbital motions contained in our tables are not the 
abfolute motions of the planets, nor the defleXions from 
the tangents the real defleXions from abfolute reXilineal 
motion ,* and therefore the forces are not fuch as we in¬ 
fer from thofe miftaken deflexions. Accordingly Sir 

tions on Ifaac Newton, induced by certain metaphyfical confi- 
!the third derations, affumed it as a law of motion, that every ac- 

^on°^m° tlon a body A on another body B, is accompanied 
by an equal and contrary aXion of B on A. We do 

not fee the propriety of this afiertion as a metaphyfical 
axiom. It is perfectly conceivable that a piece of iron 
will always approach a magnet when in its neighbour, 
hood ; but we do not fee that this obliges us to afiert, 
that therefore the magnet will alfo approach the iron. 
Thofe who explain the phenomena of magnetifm by 
the impulfe of a fluid, muft certainly grant that there is 
no metaphyfical necefiity for another ftream of fluid im¬ 
pelling the magnet toward the iron. And accordingly 
this, and the fimilar reciprocity in the phenomena of 
eleXricity, have always been confidered as deduXions 
of experimental philofophy; yet we obfervethe fame re¬ 
ciprocity in all the aXions of fublunary bodies ; and 
Newton’s third law of motion is received as true, and 

Newton’s admitted as a principle of reafoning. But we appre- 
extenfion hend that it wa3 bally in this great philofopher, and 
of that law unl,'ke his fcrupulous caution, to extend it to the pla¬ 

netary motions. He did, however, extend it, and af- 
ferted, that as each planet was defieXed toward the fun, 
the fun was equally (in refpeX of momentum) defieXed 
toward each planet, and that his real motion was the 
compofltion of all thofe fimultaneous defleXions. He 
aflerted that there was a certain point round which the 
fun and his attending planets revolved ; and that the 
orbit of a planet, which our meafurements determined 
by continual reference to the fun as to a fixed body, 
was not the true orbit, but confifted of the contempo¬ 
raneous orbits of that planet and of the fun round this 
fixed point. Any little feXor of the apparent orbit 
was greater than the correfponding feXor of the pla¬ 
net’s true orbit in abfolute fpace, and the apparent mo¬ 
tion was compounded of the true motion of the planet, 
and the oppofite to the true motion of the fun. After 
a moft ingenious and refined invelligation, he fhewed 
that, uotwithftanding this great difference of the Kep- 
lerean laws from the truth, the inference, with refpeX 
to the law of. planetary defleXion, is juft, and that not 
only the apparent defleXions are in the inverfe dupli¬ 
cate ratio ot the diftances from the fun, but that the 
real defleXions vary in -the fame ratio of the diftances 
from the fixed point, and alfo from the fun ; for he 
(hewed that the diftances from the fun were in a con- 
ftant ratio to the diftances from this point. He {hew¬ 
ed alfo that the fame forces which produced the con¬ 
temporaneous revolution of a planet and the fun round 

the centre of the fyftem, would produce a revolution of 

3* 

the planet in a fimilar orbit round the fun (fuppofed 
to be held fail in his place) at the fame diftance which 
really obtains between them, with this foie difference, 

that the periodic time will be longer, in the fubdupli- 
cate ratio of the quantity of matter in the fun to the 
quantity of matter of the fun and planet together. A- 

reas will be deferibed proportional to the times, and the 
orbit will be elliptical; but the ratio of the fquares of 

the periodic times will not be the fame with the ratio 
of the cubes of the diftances, unlefs all the planets arc 
equal. 

Thus was the attention of aftronomers direXed to a 
number of apparent irregularities in the motion of the 
earth, which mutl refult from this derangement of the 
fun, which they had imagined to remain ftedfaft in his 
place. They were told what to expeX, and on what 
pofitions of the planets the kind and quantity of every 
irregularity depended. This was a moft inviting field 
of obfervation to a curious fpeculatift ; but it required 
the nfeeft and moll expenfive inftruments, and an unin¬ 
terrupted feries of long continued obfervations, fufficient 
to occupy the whole of a man’s time. Fortunately the 
accurate determination of the folar and lunar motions 
were of the utmoft importance nay, indifpenfably ne- 
ceffary for folving the famous problem of the longitude 
of a fliip at fea : and thus the demands of commercial 

Europe came in aid of philofophical Curiofity, and oc- 
cafioned the ereXion of obfeivatories, firft at Green¬ 
wich, and foon after at Paris and other places, with ef- 
tablifhments for aftronomers, who ftiould carefully watch 
the motions of the fun and moon, not negleXing the 
other planets. 

The fortunate refult of all this folicitude has been the Confirmed 
complete eftabliftimeut of the Newtonian conjeXure (forty °hfervao 
fo we muft ftill think it), and the verification of New~tion* 
ton’s afiertion, that aXion was accompanied; through 
the whole folar fyftem, by an equal and contrary re¬ 
action. All the inequalities of the folar motion pre- 
diXed by Newton have been obferved, although they 
are frequently fo complicated that they could never have 
been deteXed, had not the Newtonian theory direXed 
us when to find any of them pretty clear of complica¬ 
tion, and how to afeertain the accumulated refult of 
them all in any {late of combination. 

But in the courfe of this attention to the motions of 
the fun and moon, the planets came in for a {hare, and 
confiderable deviations were found, from the fuppofi- 
tion that all their defleXions were direXed to the fun, 
and were in the inverfe duplicate ratio of their diftances. 
The nice obfervation {hewed, that the period of Jupiter 
was fo me what {horter than Kepler’s law lequired. 

A flight refleXion fhewed that this was no incon- 
fiftency ; becaufe the common centre of the conjoined 
orbits of the fun and Jupiter was fenfibly diftant from 
the centre of the fun, namely, about the 1100th part of 

the radius vedor ; and therefore the real defleXion was 
about a 2200th part tefs than was fuppofed. It was now 
plain that the diftances to which the Keplerean law muft 
be applied, are the diftances. not from the fun, but from 

the fixed point round which the fun and planets revolve. 
This difference was too fmall to be obferved in Kepler’s 
time ; but the feeming error is only a confirmation of 
the Newtonian philofophy. 

But there are other irregularities which cannot be ex¬ 
plained in this manner. The planetary orbits change 

F * their 
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their pofition ; their aphelia advance, their nodes recede, 
their inclination to each other vary. The mean mo¬ 
tions of Saturn and Jupiter are fubjeX to conhderable 

changes, which are periodical. 
Sir Ifaac Newton had no fooner difcovered the uni- 

verfalitv and reciprocity of the deflexions of the pla¬ 
nets and the fun, than he alfo fufpefted that they were 
continually defleXed towards each other He imme¬ 
diately obtained a general notion of what (hould be the 
more general refults of fucli a mutual aXion. 1 hey 

may be conceived in this way. 
Let S (fig. 5-) reprefent the fun, E the earth, and l 

Timiter, deferring concentric orbits round the centre of 

the fyftem. Make IS : EA = El* : SP. Then, lf 
IS be taken to reprefent the defle&ion of the fun to¬ 
ward Jupiter, EA will reprefent the defle&ion of the 
Earth to Tupiter. Draw EB equal and parallel to SI, 

„ 35 and complete the parallelogram EBAD. ED will re- 

freof fuchprefent-the difturbing force of Jupiter. It may be.re¬ 

mutual w. folved into EF, perpendicular to LS, and EGm thed.- 
tion. 

Plate VI. 

reftion of SE. By the firll of thefe the earth’s angu¬ 
lar motion round the fun is affeXed, and by the fecond 
its defledion toward him is diminiftied or increafed. 

In confe’quence of this firft part of the difturbing 

force, the angular motion is increaied, while the earth 
approaches from quadrature to conjunction with Jupi¬ 

ter (which is the cafe reprefented in the figure), and is 
diminiftied from the time that Jupiter is in oppofition 

till the earth is again in quadrature, weftward of his 
oppofition. The earth is then accelerated till Jupiter 
is in conjunXion with the fun ; after which it is retard¬ 

ed till the earth is again in quadrature. _ _ 
The earth’s tendency to the fun is diminiftied while 

Jupiter is in the neighbourhood of his oppofition or 
conjuri&ion, and increafed while he is in the neighbour¬ 
hood of his flationary pofitions. Jupiter being about 

iooo times lefs than the fun, and 5 times more remote, 
IS mud be confidered as reprefenting i-TSo^th the 
earth’s deflection to the fun, and the forces ED and 

EG are to be meafured on this feale. 
In confequence of this change in the earth’s tenden¬ 

cy to the fun, the aphelion fometimes advances by the 
diminution, and fometimes retreats by the augmenta¬ 
tion. It advances when Jupiter chances to be in oppo¬ 
sition when the earth is in its aphelion; becaufe this di¬ 
minution of its defle&ion towards the fun makes it later 
before its path is brought from forming an obtufe angle 
with the radius veBor^ to form a right angle with it. 
Becaufe the earth’s tendency to the fun is, on the whole, 
more diminiflied by the difturbing force of Jupiter than 
it is increafed, the aphelion of the earth’s orbit advances 

©n the whole. 
In like manner the aphelia of the inferior planets ad¬ 

vance by the difturbing forces of the fuperior : but the 
aphelion of a fuperior planet retreats ; for thefe reafons, 
and becaufe Jupiter and Saturn are larger and more 
powerful than the inferior planets, the aphelia of them 
all advance while that of Saturn retreats. 

In confequence of the fame difturbing forces, the 
node of the difturbed planet retreats on the orbit of the 
difturbing planet; therefore they all retreat on the eclip¬ 
tic, except that of Jupiter, which advances by retreat- 
in" on the orbit of Saturn, from which it fullers the 
erreateft difturbance. This is owing to the particular 

pofition of the nodes and the inclinations of the orbits. 

n o M Y. 
The inclination of a planetary orbit increafes while 

the planet approaches the node, and diminifhes whtle 

the planet retires from it. . 36 
M. de la Place has completed this deduft ion of the A pecufia. 

planetary inequalities, by explaining a peculiarity in therity ex¬ 
motions of Jupiter and Saturn, which has long employ- 

ed the attention of aftronomers. The accelerations andcf jUpiter 
retardations of the planetary 'motions depend, as has and Saturn 
been {hewn, on their configurations, or the relative quar¬ 

ters of the heavens in which they are. Thofe of Mer¬ 
cury, Venus,, the Earth, and Mars, arifing from their 
mutual defle&ions; and their more remarkable deflec¬ 
tions to the great planets Jupiter and Saturn, nearly 
compenfate each other, and no traces of them remain 
after a few revolutions : but the pofitions of the aphe»- 
lia of Saturn and Jupiter are fuch, that the retardations 
of Saturn fenfibly exceed the accelerations, and the ano- 
maliflic period of Saturn increafes almoft a day every 
century : on the contrary, that of Jupiter diminifhes. 
M. de la Place fliews, that this proceeds from the pofi¬ 
tion of the aphelia, and the almoft perfect commenfura- 
bility of their revolutions ; five revolutions of Jupiter 
making 21,675 days, while two revolutions of Saturn 

make 21,538, differing only 137 days. 
Suppofing this relation to be exa&, the theory {hews 

that the mutual a&ion of thefe planets muft produce 
mutual accelerations and retardations of their mean mo¬ 
tions, and afeertains the periods and limits of the fecu- 
lar equations thence arifing. Thefe periods include fe- 
veral centuries. Again, becaufe this relation is not pre- 
cife, but the odd days nearly divide the periods already 
found, there muft arife an equation of this fecular equa¬ 
tion, of which the period is immenfely longer, and the 
maximum very minute. He {hews that this retardation 
of Saturn is now at its maximum, and is diminifhing 
again, and will, in the courfe of years, change to an 

acceleration. 
This inveftigation of the fmall inequalities is the mod 

intricate problem in mechanical philofopliy, and has 
been completed only by very flow degrees, by the ar¬ 
duous efforts of the greateft mathematicians, of whom 

de la Grange is the moft eminent. Some of his ge¬ 

neral refults are very remarkable. 
He demonftrates, that fince the planets move in one 

direction, in orbits nearly circular, no mutual difturb- 
ances make any permanent change in the mean diftan- 
ces and mean periods of the planets, and that the peri¬ 
odic changes are confined within very narrow limits. 
The orbits can never deviate fenfibly from circles. None Ofciilati 

of them ever has been or will be a comet moving in aofthepl 
very eccentric orbit. The ecliptic will never coincidenetaryf) 

with the equator, nor change its inclination above two 
degrees. In fliort, the folar planetary fyftem ofcillates, 
as it were, round a medium ftate, from which it never 

fwerves very far. 
This theory of the planetary inequalities, founded on 

the univerfal law of mutual defle&ion, has given to our 
tables a precifion, and a coincidence with obfervation,. 
that furpaffes all expe&ation, and infures the legitimacy 
6f the theory. The inequalities are moft fenfible in the 
motions of Jupiter and Saturn ; and thefe prefent them- 
felves in fuch a complicated ftate, and their periods are 
fo long, that ages were neceflary for difeovering them 
by mere obfervation. In this refpe£l, therefore, the 

theory has outftripped the obfervations on which it is- 

founded,. 
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38 founded. It is very remarkable, that the periods which 

Authend- t]ie Indians affign to thefe two planets, and which ap- 

fndian Pearec^ inaccurate that they hurt the credit of the 
tronomy. fcience of thofe ancient aftronoiners, are now found pre- 

cifely fuch as mull have obtained about three thoufand 
years before the Chriftian era ; and thus they give an 
authenticity to that ancient afironomy. The periods 
which any nation of aflronomers afiign to thofe two 
planets would afford no contemptible mean for deter¬ 
mining the age in which it was obferved. 

The followiug circumftance is remarkable : Suppofe 
Jupiter and Saturn in conjundion in(the firft degree of 

Aries ; twenty years after, it will happen in Sagitta¬ 
rius; and after another twenty years, it will happen in 
Leo. It will continue in thefe tltf-ee figns for 200 years. 
In the next 200 it will happen in Taurus, Capricornus, 
and Virgo; in the next 200 years, it will happen in 
Gemini, Aquarius, and Libra ; and in the next 200 

39 years, it will happen in Cancer, Pifces, and Scorpio : 
Drigin of then all begins again in Aries. It is highly probable 

dcal^divi°" ^at t^efe remarkable periods of the oppofitions of ju- 
lonofthe P*ter and Saturn, progreilive for 40 years, and ofcilla- 
itavens. ting during 160 more, occafioned the aftrological divi- 

fion of the heavens into the four trigons, of fire, air, 
earth, and water. Thefe relations of the figns, which 

compofe a trigon, point out the repetitions of the chief 
irregularities of the folar fyflem. 

M. de la Place obferves (in 1796), that the laft dif- 
covered planet gives evident marks of the adion of the 
reft ; and that when thefe are computed and taken into 
the account of its bygone motions, they put it beyond 
doubt that it was feen by Flamftead in 1690, by Mayer 

40 in 1756, and by Monnier in 1769. 

A#ion of We have hitherto overlooked the comets in our ac- 
tkecomets, count cf the mutual difturbances of the folar fyItem. 

Their number is very great, and they go to all quarters 
of the univerfe : but we may conclude, from the won¬ 
derful regularity of the planetary motions, when all their 
own mutual adions are taken into account, that the 
quantity of matter in the comets is very inconfiderable.. 
They remain but a ihort time in the neighbourhood of 
tlie planets, and they pafs them with great rapidity. 
Some of them have come very near to Jupiter, but left 
no trace of their adion in the motions of his fatellites. 
They donbtlefs contribute, in general, to make the ap- 

41 fides of the planetary orbits advance. 

They are On the other hand, the comets may be confiderably 
iffedted by affeded by the planets. The very important phenome- 
ke planets. non Gf the return of the comet of 1682, which was to 

decide whether they were revolving planets describing 
ellipfes, or bodies which came but once into the plane¬ 
tary regions, and then retired for ever, caufed the aftro- 
nomers to confider this matter with great care. Plalley 
had /hewn, in a rough way, that this comet muft have 
been confiderably affeded by Jupiter. Their motion 
near the aphelion muft be fo very flow,-that a very fmall 
change of velocity or diredion, while in the planetary 
regions, muft confiderably afted their periods. Halley- 
thought that the adion of Jupiter might change it half 
a year. Mr Clairaut, by confidering the difturbing forces 
of Jupiter and Saturn through the whole revolution, 
fhewed that the period then running would exceed the 
former nearly two years (618 days), and afiigned the 
middle of April 1759 for the time of its perihelion. It 
really pafted its perihelion on the 12th of March. This 

was a wonderful precifion, when we reflect that the co¬ 
met had been feen but a very few days in its former ap¬ 

paritions. 
A comet obferved by Mr Profperin and others in 

1771 has greatly puzzled the aftronomers. Its motions 
appear to have been extremely irregular, and it certainly 
came fo near Jupiter, that his momentary influence was 

at leaft equal to the fun’s. It has not been recognifed 
fince that time, although there is a great probability 

that it is continually among the planets. • 43, 
It is by no means iinpoflible, nor highly improbable, Corfe- 

that in'the ccurfe of ages, a comet may adually meet ftucnce °A * 

one of the planets. The effed of fuch a concourfe and 
be dreadful; a change of the axis of diurnal rotation 

muft refult from it, and the fea muft defert its former 
bed and overflow the new equatorial regions. The 
fhock and the deluge muft deftroy all the wprks of man, 
and moft of the race. The remainder, reduced to mi- 
fery, muft long ftruggle for exiftence, and all remem¬ 
brance of former arts and events muft be loft, and every 
thing^muft be invented anew. There are not wanting 
traces of fuch devaftations in this globe : Itrata and 
things are now found on mountain tops which were cer¬ 
tainly at the bottom of the ocean in former times ; re¬ 
mains of tropical animals and plants are now dug up iu 
the circumpolar regions. Temfora mutantvr, et nos mu- 

iamur in tills* 
It is plain, that when we know the diredion and the 

intenfitv of the difturbing force, we can tell what will 
be the accumulated efted of its adion for any time. 
The diredion is eafily determined by means of the di- 
ftance : but how /hall we determine the intenfity ? Since 
we fee that the whole waters of the ocean are defkded 
toward the moon, and have fuch probable evidence that 
planetary defledion is mutual ; it follows that the moon 
is defleded towards every drop of water, and that all 
the matter in one body is defleded towards all the 
matter in another body ; and therefore that the deflec¬ 
tion towards the fun or a planet is greater or lefs in 
proportion to its quantity of matter. Newton indeed 
thought it unreasonable to fuppofe that a planet was 
deflected to the centre of the fun, which had no diilin- 
guifhing phyfical property ; and thought it move pro¬ 
bable that the deflediofi of a planet to the fug was the 
accumulated defledion of every particle in the planet to 
every particle in the fun. But he was too fcrupulous 
to take this for granted. He therefore endeavoured to 
difeover what would be the fcnfible defledion of one 
fphere to another, when each confifted of matter, every 
particle of which was deflected to every particle of the 
other with an intenfity inverfely proportional to the 

fquare of the diftance from it. By help of a moft beau-Tendency 
tiful and fimple procefs, he difeovered, that the ten.of fyherieaT 
dency of a particle of matter to a fpherical furface, fhell,ho1ies to- 

or folid, of uniform denfity at equal diftances from the(''^^.2ch 

centre, was the fame as if all the particles in the fur-reallyas tha 
face, ill ell, or folid, were unitedin its centre : hence it quantity of 
legitimately followed, that the mutual tendency of fphe-matfer» a,;d 

rical furfaces, /hells, or folids, was proportional to thetheTnar^^ 
quantities of matter in the at trading body, and in verfe, 0/^10^ 
ly as the fquare of the diftance of their centres ; and fiat c« ef 

thus the law of attradion, competent to every particletheir cea*’ 
of planetary matter, was the fame with that which was*™*' 
obferved among fpherical bodies con filling of fuch mat¬ 

ter. And it is remarkable, that the inverfe duplicate ra¬ 

tio. 

I 



4$ ASTRO 
tio of the diftances is the only law that will hold, both 
with refped to fingle particles and to globes compofed 
of fuch particles. He alfo demonftrated, that a particle 
placed within a fpliere was not affeded by all the (hell, 
which was more diftant than itfelf from the centre, be¬ 
ing equally attracted on every fide, and that it tended 
toward the centre of a homogenous fphere, on the fur- 
face of which it was placed, with a force proportional 

to its diftance from the centre. 
Newton faw a cafe in which it was pofiible to difco- 

ver whether the tendency of the matter of which the 
planets confided was direded to a mathematical centre 
void of any phyfical properties, or whether it was the 
refult of its united tendency to all the matter of the 
planet. He demonftrated that if the earth confifted of 
matter which tended to the centre, it behoved it to af- 
fume the form of an elliptical fpheroid, in confequence 
of the centrifugal force arifing from its diurnal motion, 
and that the polar axis muft be to its equatorial diame¬ 
ter as 577 to 578 ; but if every particle tends to every 
other particle in the inverfe duplicate ratio of the di- 
ilauce from it, the form muft ftill be elliptical, but more 
protuberant, and the polar axis muft be to the equato¬ 
rial diameter as 230 to 231. Then only will a column 
of water from the pole to the centre balance a column 
from the equator to the centre. He alfo fhewed what 
fhould be the vibrations of pendulums in different lati¬ 
tudes, 011 both fuppofitions. Mathematicians were ea¬ 
ger therefore to make thofe experiments on pendulums, 
and to determine the figure of the earth by the meaiure- 
ment of degrees of the meridian in different latitudes. 
The refult of their endeavours has been decidedly in fa¬ 
vours of the mutual tendency of all matter. This has 
been farther confirmed by the obfervations of the ma¬ 
thematicians who meafured the degrees of the meridian 
in Peru, and by Dr Mafkelyne in Britain, who found 
that a pendulum fufpended in the neigbourhood of a 
great and folid mountain, fenfibly deviated from the 
true vertical, and was defieded toward the mountain. 

J?ropor- From a coiledive view of all thefe circumftances, Sir 
tbnalquan-Jfaac Newton concluded, with great confidence, that 

tltlc‘ 0. the deflcdion toward any planet was the united deflec- 
timer in , . \ r . .... 
the fun andtlon toward every particle or matter contained in it. 
placets de- This enabled him to determine the intenfity of the pla¬ 

netary difturbing forces, by previoufly afeertaining the 
proportions of their quantities of matter. This pro¬ 
portion, the difeovery of which feems above our reach, 
is eafily afeertained in all thofe bodies which have others 
revolving round them : for the defiedion of the revol¬ 
ving body, being oecafioned by all the matter in the 
central body, will be proportional (cceteris paribus) to 
the quantity of matter in the central body, and there¬ 
fore will give us a meafure of that quantity. Would we 
compare the quantity of matter in Jupiter with the 
quantity of matter in the fun, we have only to fuppofe 
that a planet revolves round the fun at the diftance of 
Jupiter’s fourth fatellite. Kepler’s third law will tell 
us the time of its revolution. The diftances, in this 
cafe, being the fame, the centripetal forces, and confe- 
quently the quantities of matter in the central bodies, 
will be inverfely as the fquares of the periodic times of 
the revolutions around them. In this way have the 
quantities of matter been determined for the Sun, the 
Earth, Jupiter, Saturn, and the laft difeovered pla- 
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net. If the quantity in the Earth be confidered as the 

unit, we have, 
The Earth 1 
The newly difeovered planet - I7>75 
Saturn ----- 86,16 

Jupiter - - - - - 3*7>l 
The Sun - 33^343* 

Thus we fee that the fun is incomparably bigger than 

any planet, having more than a thoufand times as much 
matter as Jupiter, the moft maffy of them all. There 
is a confiderable uncertainty, however, in the proportion 
to-the fun, becaufe we do not know his diftance nearer 

than within T^th part. The proportions of the reft 
to each other are more accurate. The quantities of 
matter in Mercury and Mars can only be gueffed at: 
the quantity in Mercury may be called 0,1, and Mars 
may be called o, r 2. Venus is fuppofed nearly equal to 
the Earth. This is concluded from the effed which 
(he produces on the preceffion of the equinoxes and the 
equation of the fun’s motion. The moon is fuppofed 
to be about ^th of the earth, from the effed fhe pro¬ 
duces on the tides and the preceffion of the equinoxes, 

compared with thofe produced by the fun. . 45 
When thefe quantities of matter are introduced into Sun’s plan 

the computation of the planetary inequalities, and the^an^tC0£s 
intenfity of the difturbing forces affumed accordingly,pjanet <je. 
the refults of the computations tally fo exadly with ob-termined 
fervation, that we can now determine the fun’s place exadly. 

for any moment within two or three feconds of a de¬ 

gree, and are certain of the tranfit of a planet within 

one beat of the clock ! 

Jam dubios nulla caligine pragravat error ; 
§>ueis fuperum penetrare domos atque ardua cedi 
Scandere fublimis genii concejjit acumen. 

Halley. 

Sir Ifaac Newton having already made the great dif¬ 
eovery of an univerfal and mutual deflection of all the 
matter in the folar fyftem, was one day fpeculating on 
this fubjed, and comparing it with other defledions 
which he obferved among bodies, fuch as magnets, &c. 
He confidered terreftrial gravity as a force of this kind. 
By the weight of terreftrial bodies they kept united ^ 

with the earth. By its weight was the water of thepi0grefso 
ocean formed into a fphere. This force extended, with- Newton’s 

out any remarkable diminution, to the tops of the high-dheovery( 

eft mountains. Might it not reach much farther ? May 
it pot operate even at the diftance of the moon l In 
the fame manner that the planetary force defleds the 
moon from the tangent to her orbit, and caufes her to 
deferibe an ellipfe, the weight of a cannon ball defleds 
it from the line of its diredion, and makes it deferibe a 
parabola. What if the defieding force which incur- 
vates her path towards the earth be the fimple weight 
of the moon ? If the weight of a body be the fame with 
the general planetary force, it will diminifh as the fquare 
of its diftance from the earth increafes. Therefore, 
faid he to himfelf, lince the diftance of the moon from 
the centre of the earth is about 50 times greater than 
the diftance of the ftone which I throw from my hand, 
and which is defieded 16 feet in one fecond, the weight 
of this ftone, if taken up to the height of the moon, 
fhould be reduced to the 2500th part, and fhould there 
defied-y^^th of 16feet in a fecond; and the moon fhould 

defied 
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defied as much from the tangent in a fecond. Having 
the dimenfions, as he thought, of the moon’s orbit, he 
immediately computed the moon’s defleXion in a fe¬ 
cond ; but he found it eonfiderably different from what 
he wifhed it to be. He therefore concluded that the 
planetary force was not the weight of the planet. For 
fome years he thought no more of it : but one day, in 
the Royal Society, he heard an account read of mea- 
furements of a degree of the meridian, which fhewed 
him that the radius of the earth and the diftance of the 
moon were very different from what he had believed 
them to be. When he went home he repeated his com¬ 
putation, and found, that the defleXion of a done was 
to the fimultaneous defleXion of the moon as the fquare 
of the moon’s diftance from the centre of the earth to 
the fquare of the ftone’s diftance. Therefore the moon 
is defleXed by its weight ; and the fall of a ftone is juft 
a particular inftance of the exertion of the univerfal pla¬ 
netary force. This computation was but roughly made 
at fir ft ; but it was this coincidence that excited the 
philofopher to a more attentive review of the whole fub- 
jeX. When every cireumftance which can affeX the 
refult is taken into account, the coincidence is found to 
be moft accurate. The fall of the ftone is not the full 
effeX of its weight; for it is diminifhed by the rotation 
of the earth round its axis : It is alfo diminifhed by the 
weight of the air which it difplaces: It is alfo dimi¬ 
nifhed by its tendency to the moon. Gn the other 
hand, the moon does not revolve round the earth, but 
round a common centre of the earth and moon, and its 
period is about -rv^th fhorter than if it revolved round 
the earth; and the moon’s defleXion is affeXed by the 
fun’s difturbing force. But all thefe correXions can be 
accurately made, and the ratio of the full weight of the 

ftone to the full defleXion of the moon afeertained. 
This has been done. 

Terreftrial gravity therefore, or that power by which 
bodies fall or prefs on their fupports, is only a particu¬ 
lar inftance of that general tendency by which the pla¬ 
nets are retained in their orbits. Bodies may be faid to 
gravitate when they give indications of their being gra¬ 
vis or heavy, that is, when they fall or prefs on their 
fupports; therefore the planets may be faid to gravi¬ 
tate when they give fimilar indications of the fame ten¬ 
dency by their curvelineal motions. The general fact, 

that the bodies of the folar fyftem are mutually defleX¬ 
ed toward each other, may be expreffed by the verbal 
noun gravitation. Gravitation does not exprefs a 
quality, but an event, a defleXion, or a preffure. 

The weight of a terreftrial body, or its prefTiire on 
its fupport, is the effedl of the accumulated gravitation 
of all its particles ; for bodies of every kind of matter 
fall equally faft. This has been afeertained with the 
utmoft accuracy by Sir I'faac Newton, by comparing the 
vibrations of pendulums made of every kind of matter. 
Therefore their united gravitation is proportional to their 
quantity of matter; and we have concluded, that every 
atom of terreftrial matter is heavy, and equally heavy. 
We extend this conclufion to the fun and planets, and 
fay, that the obferved gravitation of a planet is the uni¬ 
ted gravitation of every particle. Therefore Sir Ifaac' 
Newton inferred, from a colleXed view of all the phe¬ 
nomena, that all matter gravitate* to all matter with a 
force in the inverfe duplicate ratio of the diftance. 

But we do not think that this inference is abfolutely 
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certain. We acknowledge that the experiments on 
pendulums, confifting of a vaft variety of terreftrial mat¬ 
ter, all of which performed their ofciHations in equal 
times, demonftrate that the acceleration of gravity on 
thofe pendulums was proportional to their quantities of 
matter, and that equal gravitation may be affirmed of all 
terreftrial matter. 

The elliptical motion of a planet is full proof that 
the accelerating power of its gravity varies in the in¬ 

verfe duplicate ratio of the diftance ; and the proporr 
tionality of the fquares of the ^periods to the cubes of 
the diftances, fhews that the whole gravitations of the 
planets vary by the fame law. But this third obferva- 
tion of Kepler might have been the fame, although the 
gravitation of a particle of matter in Jupiter had been 
equal to that of a particle of terreftrial matter, provided 
that all the matter in Jupiter did not gravitate. If 
^’Tth of Jupiter had been fuch gravitating matter, his 
defleXion from the tangent of his orbit would have 
been the fame as at prefent, and the time of his revolu¬ 
tion would have been what we obferve. In order that 
the third law of Kepler may hold true of the planetary 
motions, no more is required than that the accumulated 
gravitation of the planet be proportional to its quantity 
of matter, and thus the matter which does not gravi¬ 

tate will be compenfated by the fuperior gravitation of 
the reft. 

But becaufe we have no authority for faying that 
there is matter which gravitates differently from the 
reft, or which does not gravitate, we are intitled to 
fuppofe that gravity operates alike on all matter. 

And this is the ultimatum of the Newtonian philo- Which is 
fophy, that the folar fyftem confifts of bodies compofedthe ultima, 
of matter, every particle of which is, in faX, continually 

defleXed by its weight toward every other particle in the P‘1 ° °p 
fyftem ; and that this deflexion, or actual deviation, or 
aXual preffure, tending to deviation from uniform rec¬ 
tilineal motion, is in the inverfe duplicate ratio of the 
diftance. 

This doXrir.e has been called the fyjlem of univerfal Ob)z£tions 
gravitation ; and it has been blamed as introducing an to the law 

unphilofophical principle into fcience. Gravitation is°/ 

faid to be an occult quality ; and therefore as unfit forfounded. 
the explanation of phenomena as any of the occult qua¬ 

lities of Ariftotle But this reproach is unfounded ; 
gravitation does not exprefs any quality whatever, but 
a matter of faft, an event, an aXual defleXion, or an 
aXual preffure, producing an aXual defleXion of the 
body preffed. Thefe are not occult, but matters of 
continual obfervatiou. True, indeed, Newton does not 
deny, although he does not pofitively fay, that this de¬ 
flexion, preffure, or gravitation, is an effeX having a 
caufe. Gravity is faid to be this caufe. Gravity is the 
being gravis or heavy, and gravitation is the giving indi¬ 
cations of being heavy. Heavinefs therefore is the word 
which expreffes gravitas, and our notion of the caufe of 
the planetary defleXions is the fame with our notion of 

heavinefs. This may be indiftinX and unfatisfaXory to 
a mind faftidioufly curious; but nothing can be more 

familiar. The planet is defleXed, becaufe it is heavy. 
We are fuppofed to explain the fall of a ftone through 
water very fatisfaXorily, and without having recourfe 
to any occult quality, when we fay that it is heavier 
than the water ; and we explain the rife of a piece of 
cork, when we fay that it is not fo heavy as the water. 

Tha 
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The explanations of the mutual aftions of the planets 
are equally fatisfaftory, founded on the fame principles, 

and equally free from all fophiftry or employment of 
occult caufes. The weight of a body is not its heavi- 
nefs, but the effeft of its heavinefs. It is a gravitation, 
an aftual preflure, indicated by its balancing the fup- 
pofed heavinefs of another body, or by its balancing 
the known elafticity of a fpring, or by balancing any 
other natural power. It is iimilar to the preflure which 
a magnet exerts on a piece of iron. This may perhaps 
be produced by the impulfe of a ftream of fluid ; fo 
may the weight of a heavy body. But we do not con¬ 
cern ourfelves with this queftion. We gain a moil ex- 
tenflve and important knowledge by our knowledge of 
this univerfal law ; for we can now explain every phe¬ 
nomenon, by pointing out how it is contained in this 
law ; and we can predict the whole events ot the folar 
fyftem with unerring exa&nefs. This Ihould fatisfy the 

raoft inquifitive mind. 
But, tntimur in vetitum, femper cupimufque negata. 

There feems to be a fatal and ruinous difpofition in the 
human mind, a fort of priapifm. of the understanding, 
that is irritated by every interdict of natural imperfec¬ 
tion. We would take a microfcope to look at light; 

we would know what knowing is, and we would weigh 

heavinefs. , 
" All who are acquainted with the writings of Ariftotle 

have fome notion of his whimfical opinions on this fub- 
je&. He imagines that the planets are conduced in 

their orbits by a fort of intelligences, oiTKfp 'Pvxcci, which 
animate the orbs that wheel them round. Although 
this crude conception met with no favour in later times, 

another, not more reafonable, was maintained by Leib¬ 
nitz, who called every particle of matter a monad, and 
gave it a perception of its fltuation in the limveife, of 
its diftance and direaion from every other, and a power 
and will to move itfelf in conformity to this fltuation, 

by certain conftant laws. This temp Vvx? in the Mo¬ 
nad is nothing but an aukward fubftitute for the prin¬ 
ciple of gravitation, which the learned infilled that New¬ 
ton placed in every particle of matter as an innate 
power, and which they reprobated as unphilofophical. 

But in what refped this perception and adive propen¬ 
sity is better, we do not perceive. It is more com¬ 
plex, and involves every notion that is reprehenfible in 

the other; and it offers no better explanation of the 

phenomena. . . . . ... r 
But Newton is equally anxious with other philoso¬ 

phers not to aferibe gravity to matter as* an innate in¬ 
herent property. In a letter to Dr Bently, he earneft- 
ly reqnefts him not to charge him with fuch an abfurd 
opinion. It is an avowed principle, that nothing can aft 
on any thing that is at a diftance ; and this is confider- 
ed as an intuitive axiom. But it isfurely very obfeure ; 
for we cannot obtain, or at leaft convey, clear notions 
of the terms in which it is expreffed. The word aft is 
entirely figurative, borrowed from animal exertions ; it 
is therefore unlike the expreffion of any thing intitled 

to the appellation of intuitive. If we try to exprefs it 
without figure, wfc find our confidence in its certainty 
greatly diminiffied. Should we fay that the condition 
of a body A cannot depend on another body B that is 
at diftance from it, we believe that no perfon will fay 
that he makes this aflertion from perceiving the absur¬ 

dity of the contrary propofition. In the demonftration, 
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as it is called, of tfie perfeverance of a body in a date of 
reft, the only argument that is offered is, that no caufe 
can be affigned why it fhould move in one diredlion ra¬ 
ther than in another: but fliould any one fay lhat ano¬ 
ther body is near it, to the right hand, and that this is 
a fufficient reafon for its moving that way, we know- 
no method by which this aflertion can be flievvn to be 

faife. 
Such, however, has been the uniform opinion of phi- 

lofophers. Nihil movetur (fays Leibnitz) nifi a contigua 
et moto. The celebrated mathematician Euler having 
difeovered, as he thought, the production of a preflure, 
like gravity, from motion, fays, <e as motion may arlfe 
from prefling powers, fo we'have feen that prefling 
powers may arife from motion. We fee that both exifl 
in the univerfe. It is the bufinefs of a philofopher to 
difeover, by reafon and obfervation, which is the origin 
of the other. It is incompatible with reafon that bo¬ 
dies fhould be poffeffed of inherent tendencies ; much 
more that powers fhould exift independently. Farther, 
that philofopher muft be reckoned to have affigned the 
true caufes of phenomena, who demonftrates that they 
arife from motion ; for motion, once exifting, muft be 
preferved for ever. In the prefent inftance (a certain 
whimfical fa & of a ball running round the infide of a 
hoop) we fee how a prefling power may be derived from 
motion ; but we cannot fee how powers can exert them- 
felves, or be preferved, without motion. Wherefore we 
may conclude that gravity, and all other powers, are 
derived from motion ; and it is our bufinefs to invefti- 

gate from what motions of what bodies each obferved 

power derives its origin.” 
Accordingly many attempts have been made to trace 

the planetary defle&ions to their origin in the motion 
of fome impelling matter ; but thefe attempts could not 
be fuccefsful, becaufe they are all built on hypothefes. 
It has been affumed, that there is a matter diffufed 
through the celeftial fpaces ; that this matter is in mo¬ 
tion, and by its impulfe moves the planets : but the on¬ 
ly reafon that can be given for the exiftence of this 
matter is the difficulty we find in explaining the plane¬ 
tary defleCIions without it. Even if the legitimate con- 
fequences of this hypothefis were confiftent with the 
phenomena, we have not advanced in our knowledge, 
nor obtained any explanation. We have only learned, 
that the appearances are fuch as would have obtained 
had fuch a matter exifted and a&ed in this manner. 
The obferved laws of the phenomena are as extenfive 
as thofe of the hypothefis ; therefore it teaches us no¬ 
thing but what we knew without it. 

But this is not all that can be faid again ft thofe at-inconflftei 

tempts ; their legitimate confequences are inconfiftent with cy of fonv 

the phenomena. By legitimate confequences we mean of theff J 
the laws of motion. i hefe muft be admitted, and are t|ie p^en0 
admitted, by the philofopher who attempts to explain mena. 
the planetary motions by impulfe. ft would be ridicu¬ 
lous to fuppofe a matter to fill the heavens, having laws 
of impulfe different from thofe that are obferved by 
common matter, and which laws muft be contrived fo 
as to anfwer the purpofe. It would be more fimple at 

once to affign thofe pro re nata laws to the planets 

themfelves. 
Yet fuch was the explanation which the celebrated 

Defcartes offered by his hypothefis of vortices, in which 

the planets were immerfed and whirled round the fun. 
It 
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S3 It Is aftonifhing that To crude a conception ever obtain- 

Vcrticeg of e(j any partlfans; yet it long maintained its authority, 
e eurtes an(j ^.j|j 9 zealous defenders. Till Sir Ifaac Newton 

faw the indifpenfable neceffity of mathematical inveftiga- 
tion in every queftion of matter in motion, no perfon 
had taken the trouble of giving any thing like a diftindl 

defcription of thofe vortices, the circumftances of their 
motion, and the manner of their atftion ; all determined 
with that precifion that is required in the explanation : 
for this muft always be kept in mind, that we want an 

explanation of the precife motions which have been ob* 
ferved, and which will enable us to predict thofe which 
are yet to happen. Men were contented with fome 
vague notion of a fort of fimilarity between the effe&s 
of fuch vortices and the planetary motions in a few ge¬ 
neral circumftances ; and were neither at the trouble to 
confider how thefe motions were produced, nor how far 
they tallied with the phenomena. Their account of things 
was only fit for carelefs chat, but unworthy of the at. 
tention of a naturalift. But fince this explanation came 
from a perfon defervedly very eminent, it was refpe&ed 54 J X--w ” J ' v / vrn****, viitj l v. 1 V. lUVV.lV.Vi 

Examined by Newton, and he honoured it with a ferious exami- 
Y Newton.nation. It is to this examination alone that we are in¬ 

debted for all the knowledge that we have of the con- 
ftitution of a fluid vortex, of the motions of which it 
is fufceptible, of the manner in which it can be produ¬ 
ced, the laws of its circulation, and the effedts which it 
can produce. We have this account in Sir Ifaac New¬ 
ton’s Principles of Natural Philofophy; and it contains 
many very curious and interefting particulars, which 
have been found of great fervice in other branches of 
mechanical philofophy. But the refult of the examina¬ 
tion was fatal to the hypothefis ; (hewing that the mo¬ 
tions which were pofiible in the vortices, and the effe&s 
which they muft produce, are quite incompatible with 
the appearances in the heavens. We do not know one 
perfon who has acquired any reputation as a mechani¬ 
cian that now attempts to defend it; nor do we know 
of any other perfon befides Newton who has attempted 
to explain mathematically how the circulation of a fluid 
can produce the revolution of a planet, if we except Mr 

55 Leibnitz, the celebrated rival of the Britiffi philofopher. 
iypothefis This gentleman publiffied in the Leipfic Review in 
t Leibnitz. 1689, three years after the publication of the Principia, 

an attempt to explain the elliptical motion of the pla¬ 
nets, and the defcription of areas proportional to the 
times, by the impulfe of a vortex. It muft not be paffed 
over in this place, becaufe it acquired great authority 
in Germany, and many of that country ftill affirm -that 
Leibnitz is the difeoverer of the law of planetary gra¬ 
vitation, and of the mechanical conftitution of the folar 
fyftem. We cannot help thinking this explanation the 
moft faulty of any, and a moft difingenuous plagiarifm 
from the writings of Newton. 

Mr Leibnitz fuppofes a fluid, circulating round the 
fun in fuch a manner that the velocity of circulation in 
every part is inverfely as its diftance from the fun. 

(N. B. Newton had (hewn that fuch a circulation was 
pofiible, and that it was the only one which could be 
generated in a fluid by an adtion proceeding from the 
centre). Leibnitz calls this harmonica! circulation. He 
fuppofes that the. planet adopts this circulation in every 
part of its elliptical orbit, obeying without any refift- 

ance the motion of this fluid. He does not aferibe this 
to the impulfe of the fluid, faying exprefsly that the p!a- 
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net follows its motion, non abrepta tamer., fed tranquilly 
ter qunfi natante. The planet therefore has no tenden¬ 
cy to perfevere in its former ftate of motion. Why 
therefore does it not follow this harmonic motion ex¬ 

actly, and deferibe a circle tranquilliter natans P This is 
owing, fays Leibnitz, to its centrifugal force, by which 
it perfeveres in a ftate of rectilineal motion. It has no 
tendency to preferve its former velocity, but it perfe¬ 
veres in its former direction. The planet therefore is 
not like common matter, and has laws of motion pecu¬ 
liar to itfelf; it was needlefs therefore to employ any 
impulfe to explain its motions. But to proceed : This 

centrifugal force muft be counteracted in every point of 
the orbit. Leibnitz therefore fuppofes that it is alfo 
urged toward the centre by a folicitation like gravity 
or attraction. He calls it the paracentric force. He 

computes what muft be its intenfity in different parts of 
the orbit, in order to produce an elliptical motion, and 
he finds that it muft be inverfely as the fquare of the 
diftance from the centre (for this reafon he is frequent¬ 

ly quoted by Bernoulli, Wolff, and others, as the difeo¬ 
verer of the law of gravitation). But Leibnitz arrives 
at this refult by means of feveral mathematical blunders, 
either arifing from his ignorance at that time of fluxio- 
nary geometry, or from his perceiving that an accurate 
procedure would lead him to a coiiclufion which he did 
not wiffi : for we. have feen (and the demonftration is 

adopted by Leibnitz in all his pofterior writings of this 
kind), that if the ordinary laws of motion are obferved, 

a body, aCtuated by this paracentric force alone, will 
deferibe.an ellipfe, performing both its motion of har¬ 
monic circulation, and its motion of approach to and re- 
cefs from the centre, without farther help. Therefore, 

if the harmonic circulation is produced by a vortex, a 
force inverfely as the fquare of the diftance from the 

centre, combined with the harmonic circulation, will 
produce a motion entirely different from the elliptical. 

^ *s demonftrated, t^iat the force which is neceflary for 
aefcnbing circles at different diftances, with the angu¬ 
lar velocity of the different parts of the orbit, is not in 

the mverfe duplicate, but in the inverfe triplicate, ratio 
of the diftances. Bhis muft have been the nature of 

his paracentric force, in order to counteract the centri¬ 

fugal force arifing from the harmonic circulation. There-nT 56 . 

fore Leibnitz has not arrived at his coiiclufion by juft ty the'”’ 
reafon mg, nor can be laid to have difeovered it. He author, 

fays, Video hanc propofitionem innotuiffe viro celiberrimo 

Ifadco Neivtono, licet non pojffim judicare qnomodo ad earn 
P'rvener,,. This is really fomewbat like impudence 

1 he Principia were publifhed in 1686. They were re. 
viewed at Leipfic, and the Review publifhed in 1687 

Le.bn.tz was at that time the principal manager of that 
Review. When Newton publifhed, Leibnitz was living 
at Hanover, and a copy was fent him within two 

months of its publication, by Nicholas Facio, Ionn- he 
fore the Review. The language of the Review has 
feveral fingularit.es, which are frequent in Leibnitz's 
own composition ; and few doubt of its being his wri 

ting. Befides this propofition in the Principia had 
been given to the Royal Society feveral years before 

and was in the records before 1684. Thefe were a j 
,n 1™ br 

49 

We think that the opinion which a candid perfon 
.muft form of the whole is,jhat Leibnitz knew the pro" 

pofition, 
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pofition, and attempted to demonftrate it in a way that 
would make it pafs for his own difcovery ; or that he 
only knew the enunciation, without undemanding the 
principles. His harmonic circulation is a clumty way 
of explaining the proportionality of areas to the times ; 
and even this circulation is borrowed from Newton s dit- 
fertation on the Cartefian vortices, which is alfo con¬ 
tained in-the.Leipfic Review above mentioned. Leib¬ 
nitz was by this time a competitor with Newton tor 
the honour of inventing the fluxionary mathematics, and 
was not guiltlefs of aaS of difingenuity in afTert.ng his 
claim. He publiihed at the fame time, in the fame Re¬ 
view, an almoft unintelligible diflertation on the reiilt- 

ance of fluids, which, when examined by one who has 
learned the fubieft by reading the Pnncipia of Newton, 
affords an enigmatical defcription of the very theory 
publiihed by Newton, as a neceffary part of his great 

work. . . . , , 
But befides all the above objedhons to Leibnitz s theo- 

rv of elliptical motion, we may afk, What is this paracen¬ 
tric force ? He calls it like gravity. This is precifely 
Newton’s doarine. But Leibnitz fuppofes this alfo to 

be the impulfe of a fluid. It would have been enough 
had he explained the adlion of this fluid, without the 
other circulating harmonically. He defers this expla- 
nation, however, to another opportunity. It muft have 
very fingular properties : it muft impel the planet with¬ 
out difturbing the other fluid, or being difturbed by.it. 
He alfo defers to another opportunity the explaining 
how the fquares of the periodic times of different pla¬ 
nets are proportional to the cubes of the mean diftanees; 
for this is quite incompatible with the harmonic circu¬ 
lation of his vortex. This would make the fquares o 
the periods proportional to the diftanees. He has per¬ 
formed neither of thefe promifes. Several years after 
this he made a correction of one of his mathematical 
blunders, by which he deftroyed the whole of his de- 
monftration. In fhort, the whole is fuch a heap of ob- 
feure, vague, inconfillent affumptions, and fo replete with 
mathematical errors, that it is aftonifhing that he had 

the ignorance or the effrontery to publifh it. 
qypothefis There is another hypothefis that has acquired fome 

LeSage. repUtation. M. le Sage of Geneva fuppofes, that there 
pafies through every point of the univerfe a ftream of 
fluid, in every direction, with aftonifhing velocity.. He 
fuppofes that, in the denfeft bodies, the vacuity is in¬ 
comparably more bulky than the folid matter ;.fo that a 
folid body fomewhat refembles a piece of wire cage- 
work. The quantity of fluid which pafies through will 
be incomparably greater than that of the intercepted 
fluid ; but the impulfe of the intercepted fluid will be 
fenfibly proportional to the quantity of folid matter of 
the body. A Angle body will be equally impelled in 
every direction, and will not be moved ; but another 
body will intercept fome fluid. Each will intercept 
fome from the other; and the impulfe on B, that is in¬ 
tercepted by A, will be nearly proportional to the mat¬ 
ter in A, and inverfely proportional to the fquare of 
its diftance from B ; and thus the two bodies will ap¬ 
pear to tend toward each other by the law of gravita- 

tion. 
M. le Sage publifhed this in a work called Chimie 

” Mechaniqne, and read lectures on this doClrine for many 
years in Geneva and Paris to crowded audiences. It is 
alfo publifhed by Mr Prevoft in the Berlin Memoirs, 

N O M Y. 
under the name of Lucrece Neiutomen; and there are- 
many who coniider it as a good explanation of gravita- 

tion : for our part, we think it inconceivable. I he 
motions of the planets, with undiminifhed velocity, tor 

more than four thoufand years, appears incompatible 
with the impelling power of this fluid, be its veracity 
what it will. The abfolute precifion of the law ot gra¬ 
vitation, which does not (hew the fmallell error during 
that time, is incompatible with an impulfe which cannot 
be exaBly proportional to the quantity of matter, nor 
to the reciprocal of the fquare of the diftance, nor the 
fame on a body moving with the rapidity of the comet 
of 1680 in its perihelion, as on the planet Saturn, 
whofe motion is almoft incomparably flower. What is 
the origin of the motion of this fluid ? Why does it 
not deftroy itfelf by mutual impulfe, fince it is conti¬ 

nually palling through every point? &c. jg 
We have already obferved that Newton exprefled tne£thero£ 

fame anxiety to avoid the fuppofition of aftion among Newton 

bodies at a diftance. He alfo feemed to (how fome *£«*£«* 
pofition to account for gravitation by the aCtion ot atic8> 

contiguous fluid. This is the fubterfuge fo much re¬ 
curred to by precipitate fpeculatifts, by the name ot 

the ether of Sir Ifaac Newton. He fuppofes it highly 
elaftic, and much rarer in the pores ot bodies, and in 
their vicinity, than at a diftance; therefore exceedingly 
rare in the fun, and denfer as we recede from him. Be¬ 
ing highly elaftic, and repelled by all bodies, it muft 
impel them to that fide on which it is moft rare ; there¬ 

fore it muft impel them toward the fun. This is enough 
of its general conftitution to enable us to judge of its 
fitnefs for Newton’s purpofe. It is wholly unfit; for 
fince it is fluid, unequally denfe and elaftic, its particles 

are not in contact. Particles that are elaftic, and in a 
ftate of compreflion, and in contact, cannot be fluid ; 
they muft be like fo many blown bladders compreffed in 
a box; therefore they are not in contact; therefore they 

are elaftic by mutual repulfion ; that is, by adling on 
each other at a diftance. It is indifferent whether this 

diftance is a million of miles, or the millionth part of a 
hair’s breadth ; therefore this fluid does not free Newton 
from the fuppofition which he wifhes to avoid. Nay, it 
can be demonftrated, that in order to fotm a fluid 

which fhall vary in denfity from the fun to the extre¬ 
mity of the folar fyftem, there muft be a mutual repul¬ 
fion extending to that diftance. This is introducing mil¬ 
lions of millions of the very difficulties which Newton 
wifhed to avoid ; for each particle prefents the fame 

difficulty with a planet. 
We would now afk thefe atomical philofophers, why 

they have, in all ages, been fo anxious to trace.the ce- 

leftial motions to the effe&s of impulfe i They imagine 
that they have a clear perception of the communication 
of motion by impulfe, while their perception of the pro¬ 

duction of it in any other way is obfeure. Seeing, in 
a very numerous and familiar collection of faCts, that 
motion is communicated by impulfe, they think that it 
is communicated in no other way, and that impulfe is 

the only moving power in nature. . . 59 
But is it true that our notion of impulfe is more clear Our none 

than that of gravitation? Its being more familiar is no«j“P"c 
argument. A caufe may be real, though it has exerted thanofgi 
itfelf but once fince the beginning of time. In no cafe vitation. 
do we perceive the exertion of the caufe ;. we only per¬ 

ceive the change of motion. The conftitution of our 
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mind makes us confider this as an effed, indicating a 

caufe which is inherent in that body which we always 
fee affociated with that change. Granting that our per¬ 
ception of the perfeverance of matter in its ftate of mo¬ 

tion is intuitive, it by no means follows that the body 
A in motion mud move the body B by ftriking it. 
The moment it ftrikes B, all the metaphyfical argu¬ 
ments for A’s continuance in motion are at an end, and 
they are not in the leaft affeded by the fuppofition that 
A and B ffiould continue at reft after the ftroke ; and 
we may defy any perfon to give an argument which will 
prove that B will be moved; nay, the very exiftence of 
B may, for any thing we know to the contrary, be a 
fufficient reafon for the ceffation of the motion of A. 
The produdion of motion in B, by the impulfe of A, 
mult therefore ftand on the fame foundation with every 
other production of motion. It indicates a moving 

power in A ; but this inherent power feems to have no 
dependence on the motion of A : (See what is con- 
tained in n°8i. of the article Physics, and no 67. of 
.Optics of the Encycl.) We fee there a motion pro¬ 
duced in B without impulfe, and taken from A, fimilar 
in every refped to every cafe of impulfe ; and we fee 
that the motion of A is neceffary for producing fuch a 
motion in B as is obferved in all cafes of impulfe, mere¬ 
ly in order that the moving power, which is inherent 
in A, whether it be in reft or in motion, may ad du¬ 

ring a fufficient time. Our confidence in the commu¬ 
nication of motion, in the cafe mentioned there, is de¬ 
rived entirely from experience, which informs us that 
A poflefles a moving power totally different from im¬ 
pulfe. Our belief of the impelling power of matter I therefore does not neceffarily flow from our intuitive 

knowledge of the perfeverance of matter, although it 
gives us the knowledge of this perfeverance. It is like 
a mathematical demonftration, a road to the difcovery 
of the property of figure, but not the caufe of that 
property. The impulfion of matter is merely a fad, 
like its gravitation, and we know no more of the one 
than of the other. 

It is not a clearer perception, therefore, which has 

procured this preference of impulfion as the ultimate 
explanation of motion, and has given rife to all thefool- 
iffi hypothefes of planetary vortices, ethers, animal fpi- 
rits, nervous fluids, and many other crude contrivances 

6o for explaining the abftrufe phenomena of nature. 

Impulfe Nor does it deferve any preference on account of its 
rarely ob- greater familiarity. Juft the contrary; for one fad of 
ferved. undoubted impulfe, we fee millions where nodmpulfe is 

obferved. Confider the motion produced by the explo¬ 
sion of gunpowder. Where is the original impulfe? Sup- 
pofe the impulfe of the fir ft fpark of fire to be immenfe, 
how comes it that a greater impulfe is produced by a 
greater quantity of gunpowder, a greater quantity of 
quiefcent matter ? The ultimate impulfe on the bullet 
fhould be lefs on this account. Here are plain exer¬ 
tions of moving powers, which are not reducible to im¬ 
pulfe. Confider alfo the fads in animal motion. Re- 
fled alfo, that there has been more motion, without any 
obferved impulfe, produced in the waters of a river fince 
the beginning of the world, than by all the impulfe that 
man has ever obferved. Add to thefe, all the motions 
in magnetifm, ele&i-icity, &c. Impulfe is therefore a 
phenomenon which is comparatively rare. 

Have we ever obferved motion communicated by pure 

impulfe, without the adion of forces at a diftance? 
This appears to us very doubtful. Every one acquaint¬ 

ed with Newton’s difeoveries in optics will grant, that 
the colours which appear between two objed glaffes of 
long telefcopes, when they are preffed together,-de- 
monftrate that the glaffes do not touch each other, ex¬ 
cept in the place where there is a black fpot. It re¬ 
quires more than a thoufand pounds to produce a fquare 
inch of this fpot. Therefore every communication of 
motion between two pieces of glafs, which can be pro¬ 
duced by one of them finking the other, is produced 
without impulfe, unlefs their mutual preffure has exceeded 
1000 pounds on the fquare inch of the parts which ad 
on each other. Nay, fince we fee that a black fpot ap¬ 
pears on the top of a foap bubble, in the middle of the 
coloured rings, we learn that there is a certain thick- 
nefs at which light ceafes to be vifibly refleded ; there¬ 
fore the black fpot between the glaffes does not prove 
that they touch in that part; therefore we cannot fay 
that any force whatever can make them touch. The 
ultimate repulfion may be infuperable. 11 this be the 
cafe, the produdion of motion by impulfe is, in every 
inftance, like the produdion of motion between the 

magnets in n°8i. of the article Physics in the Encycl. 
and is of the fame kind with the produdion of motion 
by gravity. . 6j 

# Therefore no explanation of gravitation can be de- Intervening 
rived from any hypothefis whatever of intervening fluids, fluids muU 
They only fubftitute millions of bodies for one, and ftilT 
leave the adion e dijlanti the fame difficulty as before. cu*t*CB# 
It is not in the leaft neceffary that we fhail be able to 

conceive how a particle of matter ca'h be influenced by 
another at a diftance ; if we have difeovered in every 
inftance the precife degree and diredion of the effedt 
of this influence, we have made a mod important addi¬ 
tion to our knowledge of nature ; and our fuccefs in 
the cafe of the power of gravity fhould make us affidu- 
ous in our endeavours to difeover, from the phenomena, 
the laws which regulate the other adions e dijlanti, 
which obfervation is daily finding out. A knowledge 

equally accurate of the law of magnetic and eledric ac¬ 
tion may enable us to give theories of magnetifm and 

eledricity equally exad with the Newtonian theory of 
gravitation. 

Having, we hope, evinced the truth of this theory, 
by following out the inveftigations to which Newton 
was gradually led, we might proceed to confider, in or¬ 
der, the complicated and fubordinate phenomena which 
depend on it. The lunar and planetary inequalities are 
the fubjeds that naturally come firft in our way ; but 
they have already been explained in all the detail that 
this concife account will admit, as they occurred to 
Newton as tefts of the truth of his conjedure. If the 

law be fuch as he fufpeded, its confequences muftbe fo 
and fo; if the celeftial motions do not agree with them, 
the law niuft be rejeded. We fhall not repeat any thing 

therefore on this head, but confine our obfervations to 
fuch applications of the theory of univerfal gravitation, 
as newly difeovered objeds, or the improvement of af- 
tronomical obfervation and of fluxionary analyfis, have 
enabled us to make fince the time of Newton. 

# The fubferviency of the eclipfes of Jupiter’s fatel- 
lites to geography and navigation had occafioned their 
motions to be very carefully obferved, ever fince thefe 

ufee of them were firft fuggefted by Galileo, and their 

G 2 theory 
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theory is as far advanced as that of the primary planets. 
It has peculiar difficulties. Being very near to Jupiter, 

the great deviation of his figure from perfed fphencity 
makes the relation between their difiances from his 

centre and their gravitations toward it vaftly complica¬ 
ted. But this only excited the mathematicians fo much 
the more to improve their analyfis; and they faw, in 
this little fyftem of Jupiter and his attendants, an epi¬ 
tome of the folar fyftem, where the great rapidity of 
the motions muft bring about in a fliort time every va- 
riety of configuration or relative pofition, and thus give 
us an example of thofe mutual dillurbances of the pri- 
mary planets, which require thoufands of years for the 

difcovery of their periods and limits. We have derived 
fome very remarkable and nfeful pieces of information 

Eternal du-from this invefiigation ; and have been led to the du¬ 
rability of covery of the eternal durability of the folar iyltem, a 
rhe folar t^n(r which Newton greatly doubted of. 

Mr Pound had obferved long ago, that the irregula¬ 

rities of the three interior fatellites were repeated in a 
period of 437 days ; and this obfervation is found to be 

juR to this day. 

247 revolutions of the firft occupy 437<*. 44' 
123 fecond 437 3 4^ 

61 third 437 3 36 

26 fourth 435 *4 16 
This naturally led mathematicians to examine their mo¬ 

tions, ahd fee in what manner their relative pofitions or 
configurations, as they are called, correfponded to this 

period : and it is found, that the mean longitude of the 
hrR fatellite, minus thrice the mean longitude of the fe¬ 
cond, plus twice the mean longitude of the third, al¬ 
ways made 180 degrees. This requires that the mean 
Tnotion of the RrR, added to twice that of the third, 
/hall be equal to thrice the mean motion of the fecond. 
This correfpondence of the mean motions is of itfelf a 

fingular thing, and the odds againR its probability feems 

infinitely great ; and when we add to this the particu¬ 
lar pofitions of the fatellites in any one moment, which 
is neceffary for the above confiant relation of their lon¬ 
gitudes, the improbability of the coincidence, as a thing 

quite fortuitous, becomes infinitely greater. Doubts 
were firfi entertained of the coincidence, becaufe it was 
not indeed accurate to a fecond. The refult of the in¬ 
veRigation is curious. When we follow out the con- 
fequences of mutual gravitation, we find, that although 
neither the primitive motions of projection, nor the 

points of the orbit from which the fatellites wei'e pro- 
je&ed, were precifely fuch as fuited thefe obferved rela¬ 
tions of their revolutions and their contemporaneous 
longitudes ; yet, if they differed from them only by 
very minute quantities, the mutual gravitations of the 
fatellites would in time bring them into thofe pofitions, 
and thofe Rates of mean motion, that would induce the 
obferved relations; and when they are once.induced, 
they will be continued for ever. There will indeed be 
a fmall equation, depending on the degree of unfuit- 
ablenefs of the firR motions and pofitions ; and this 
caufes the whole fyfiem to ofcillate, as it were, a little, 
and but a very little way on each fide of this exadt and 
permanent Rate. The permanency of thefe relations 
will not be deRroyed by any fecular equations arifing 

from external caufes; fuch as the adtion of the fourth 

fatellite, or of the fun, or of a refiRing medium; be.- 

caufe their mutual adtions will diRribute this equation 

as it did the original error. 
This curious refult came into view only by degrees, 

as analyfis improved and the mathematicians were ena¬ 
bled to manage more complicated formulas, including 

more terms of the infinite feriefes that were ^employed 
to exprefs the different quantities. It is to M. de la 
Grange that we are indebted for the completion of the 
difcovery of the permanency of the fyfiem in a Rate 

very little different from what obtains in any period of 
its exiffence. Although this required all the knowledge 
and addrefs of this great mathematician, in the manage¬ 
ment of the moR complicated analyfis, the evidence of 
its truth may be perceived by any perfon acquainted 
with the mere elements of flnxionary geometry. The 
law of the compofition of forces enables us to exprefs 
every action of the mutual forces of the fun and planets 
by the fines and cofines of circular arches, which in- 
creafe with an uniform motion, like the perpetual lapfe 
of time. The nature of the circle fiiows, that the va¬ 
riations of the fines aud cofines are proportional to the 
cofines and fines of the fame arches. The variations of 
their fquares, cubes, or other powers, are proportional 
to the fines or cofines of the doubles or triples, or other 
multiples of the fame arches. Therefore fmce the in¬ 
finite feriefes which exprefs thofe a&ions of forces, and 
their variations, include only fines and cofines, with 
their powers and fluxions, it follows, that all accumu¬ 
lated forces, and variations of forces, and variations of 
variations, through infinite orders, are Rill exprefiibleby 
repeated fums of fines or cofines, correfponding to arch¬ 

es which are generated by going round and round the 
circle. The analyfi knows that thefe quantities become 
alternately pofitive and negative ; and therefore, ia 
whatever way they are compounded by addition of 
themfelves, or their multiples, or both, we muR always, 
arrive at a period after which they will be repeated with 
all their intermediate variations. It may be extremely 
difficult, it may be impolfible, in our prefent Rate of ma¬ 
thematical knowledge, to afcertain all thofe periods. It 

has required all the efforts of all the geniufes of Europe 
to manage the formulas which include terms containing 
the fourth and fifth powers of the eccentricities of the 
planetary orbits.' Therefore the periods which we have 
already determined, and the limits to which the inequa¬ 

lities expreffed by fecular equations arrive, are Rill fub- 
je&ed to fmaller corre&ions of incomparably longer 

periods, which arife from the terms negle&ed in our 
formulas. Blit the corre&ion arifing from ariy neglect¬ 

ed term has a period and a limit; and thus it will hap¬ 
pen that the fyfiem works itfelf into a Rate of perma-* 
nency, containing many intervening apparent anomalies. 

The elliptical motion of the earth contains an anomaly 
or deviation from uniform circular motion; the aCtion 
of Jupiter produces a deviation from this elliptical mo¬ 
tion, which has a period depending on the configuration 
of the three bodies; Saturn introduces a deviation from 
this motion, which has alfo a period ; and fo on. 

There is another accurate adjufiment of motions 
which has attra&ed attention, as a thing in the higheff 
degree improbable, in events wholly independent on each 

other. This is the exaCi coincidence of the period of 
the moon’s revolution round the earth with that of her 
rotation round her own axis. The eliipticity or oval 

fliape of the moon differs fo infenfibly from a fphere, 
that 
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tliat if the original rotation had differed confiderably 
from the period of revolution, the pendular tendency to 
the earth could never have operated a change : but if 
the difference between thofe two motions was fo fmall 
that the pendular tendency to the line joining the cen¬ 

tres of the earth and moon was able to overcome it af- 
^ ter fome time, the pole of the lunar fpheroid would de¬ 

viate a little from the line joining the earth and moon, 
and then be brought back to it with an accelerated 
motion ; would pafs it as far on the other fide, and 
then return again, vibrating perpetually to each fide of 
the mean petition of the radius veflor. The extent of 

* this vibration would depend on the original difference 
between the motion of rotation and the mean motion of 
revolution. This difference mull have been very fmall, 

becaufe this pendular vibration is not fenfible from the 

earth. The obferved libration of the moon is pre- 
cifely what arifes from the inequality of her orbital mo¬ 
tion. For the fame reafons, the effects of the fecular 

equations of the moon .(which would, in the courfe of 
ages, have brought her whole furface into our view, had 
her rotation been ftridlly uniform) are counteracted by 

her pendular tendency, which has a force fufficient to 
alter her rotation by nearly the fame flow and infenfible 

changes that obtain in her mean motions. The fame 
caufes alfo preferve the nodes of her equator and of her 

orbit in the fame points of the ecliptic. The complete 
demonftration of this is perhaps the moft delicate and 
elegant fpecimen that has been given of the modern an- 
alyfis. We owe it to M> de la Grange : and he makes 
it appear that the figure of the moon is not that which 
a fluid fphere would acquire by its gravitation to the 
earth ; it mull be the effect of a more confiderable el- 

63 lipticity, or internal inequality of denfity. 
Depends on This permanency of the fyftem, within very narrow 

Planet™ ^m*ts deviation from its prefent {late, depends entire- 
defledtion, on *aw of planetary defledlion. Had it been di- 

redlly or inverfely as the diftance, the deviations would 
have been fuch as to have quickly rendered it wholly 
unlit for its prefent purpofes. They would have been 
very great, had the planetary orbits differed much from 
circles; nay, had fome of them moved in the oppofite 
diredlion. The feledlion of this law, and this form of 
the orbits, flrikes the mind of a Newton, and indeed 
any heart poffeffed of feniibility to moral or intelle&ual 
excellence, as a mark of wifdom prompted by benevo¬ 
lence. But De la Place and others, infe&ed with the 
1Theophobia Gallica engendered by our licentious de¬ 
fires, are eager to point it out as a mark of fatalifm. 
They fay that it is effential to all qualities that are dif- 
fufed from a centre to diminifh in the inverfe duplicate 
ratio of the diftance. But this is falfe, and very falfe : 
it is a mere geometrical conception. We indeed fay, 
that the denfity of illumination decreafes in this propor¬ 
tion ; but who fays that thia is a quality ? Whether it 
be confidered as the emiffion of luminous corpufcles, or 
an undulation of an elailic fluid, it is not a quality ema¬ 
nating from a centre : and even in this eftimation, it 
feems gratuitous, whether we fhall confider the bafe of 
the luminous pyramid, or its whole contents, as the ex- 
preflion of the quantity. Nay, if all qualities muft di- 
minifh at this rate, all a&ion e diftanti muft do the fame; 
for when the diftances bear any great proportion to the 
diameters of the particles, their adtion deviates infenfibly 

from this law, and is perceived only by the accumula¬ 

tion of its effedts after a long time. It is only thus that 

the effedls of the oblate figure of Jupiter are perceived 
in the motion of his fatellites. The boafted found phi- 
lofophy, which fees fatal neceflity where the mojl fuccefs- 

fulJludents of nature faw moral excellence, has derived 
very little credit or title to the name of wifdom, by let¬ 
ting loofe all thofe propenfities of the human heart 

which are effentially deftrinffive of focial happinefs. ^ 

Thefe propenfities were always known to lurk in the And evin- 

heart of man ; and thofe furely were the wifeft who la-ce? the wifi- 

boured to keep them in check by the influence of moral ^om 0* 
principles, and particularly by cherilhiug that difpofition ^reator" 

of the human heart which prompts us to fee contrivance 
wherever we fee nice and refined adjuftment of means 
to ends; and, from the admirable beauty of the folar 
fyftem, to cry out, 

“ Thefe are thy glorious works, Parent of good! 
“ Almighty, thine thifi univerfal frame, 

“ Thus wond’rou9 fair; thyfelf how wond’rous then ! 
“ Unfpeakable, who fitt’ft above thefe heavens, 
“To us invifible, or dimly feen 
“ In thefe thy lowed works ; yet thefe declare 
“ Thy goodnefs beyond thought, and power divine.” 

Par. Lof, b. v. 

“ But wandering oft, with brute unconfcious gaze, 
“ Man marks not Thi?%, marks not the mighty hand 
“ That, ever bufy, wheels the filent fpheres.” 

Thomson. 

The moft important addition (in a philofophical view) 

that has been made to aftronomical fcience fince the 
difcC|pry of the aberration of light anfl the nutation of 

the earth’s axis, is that of the rotation of Saturn’s ring. 6c 
The ring itfelf is an objedl quite Angular ; and when it Saturn’s 

was difeovered that all the bodies which had any imnie-nri£' 
diate conne&ion with a planet were heavy, or gravita¬ 
ted toward that planet, it became an interefting quef- 
tion, what was the nature of this ring? what fupport- 
ed this immenfe arch of heavy matter without its reft- 
ing on the planet; what maintains it in perpetual con¬ 

centricity with the body of Saturn, and maintains its 
furface in one invariable pofition ? 

The theory of univerfal gravitation tells us what 
things are pofiible in the folar fy ftem ; and 011 r conjec¬ 
tures about the nature of this ring muft always be re¬ 
gulated by the circumftance of its gravitation to the 
planet. Philofophers had at firft fuppofed it to be a 
luminous atmofphere, thrown out into that form by the 
great centrifugarforce arifing from a rotation ; but its 
well defined edge, and, in particular, its being two very 
narrow rings, extremely near each other, yet perfectly 
feparate, rendered this opinion of its conftitution more 
improbable. C6 

Dr Herfchel’s dfffovery of brighter fpots on its fur-M ()very 
face, and that thofe fpots were permanent during the?f.Hr^r" 
whole time of his obfervation, feem9 to make it more^ng ^ 
probablf that the parts of the ring have a folid connec¬ 
tion. Mr Herfchel lias difeovered, by the help of 
thofe fpots, that the ring turns round its axis, and that 
this axis is alfo the axis of Saturn’s rotation. The time 
of rotation is ich. 32^'. But the other circumftances 

are not narrated with the precifion fufficient for an ac¬ 
curate comparifon with the theory of gravity.. He in¬ 
forms us, that the r<\dii of the four edges of the ring are 

J9°> 75 774> 830, of a certain fcale* and that the 
angle 
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angle fubtended by the ring at the mean diftance from 
the earth is 46-f". Therefore its elongation is 23!'. 
The elongation of the fecond Cafiinian fatellite is 56", 
and its revolution is 2d. 17b. 44'. This fhould give, 
by the third law of Kepler, 17b. 10' for the revolution 
of the outer edge of the ring, or rather of an atom of 
that edge, in order that it may maintain itfelf in equi- 
librio. The fame calculation applied to the outer edge 
of the inner ring gives about 13b. 36' ; and we obtain 
lih. 16' for the inner edge of this ring. Such varie¬ 
ties are inconiiftent with the permanent appearance of a 
fpot. We may fuppofe the ring to be a luminous fluid 
or vapour, each particle of which maintains its fituation 
by the law of planetary revolution. In fuch a ftate, it 
would con fill of concentric ftrata, revolving more flowly 
as they were more remote from the planet, like the con¬ 
centric ftrata of a vortex, and therefore having a relative 
motion incompatible with the permanency of any fpot. 
Befides, the rotation obferved by Herfchel is too rapid 
even for the innermoft part of the ring. We think 
therefore that it confifts of cohering matter, and of con- 
fiderable tenacity, at lead equal to that of a very clam¬ 
my fluid, fuch as melted glafs. 

We can tell the figure which a fluid ring muft have, 
fo that it may maintain its form by the mutual gravita¬ 
tion of its particles to each other, and their gravitation 
to the planet. Suppofe it cut by a meridian. It may 
be in equiiibrio if the fedtion is an ellipfe, of which the 
longer axis is directed to the centre of the planet, and 
very fmall in comparifon with its diftance from the 
centre of the planet, and having the revolution of its 
middle round Saturn, fuch as agrees with the Keplerean 
law. Thefe circumftances are not very confiftent with 
the dimenfions of Saturn’s inner ring. The diftance 
between the middle of its breadth and the centre of Sa¬ 
turn is 670, and its breadth is 161', nearly one-fourth 
of the diftance from the centre of Saturn. De la Place 
fays, that the revolution of the inner ring obferved-by 
Herfchel is very nearly that required by Kepler’s law : 
but we cannot fee the grounds of this affertion. The 
above comparifons with the fecond Cafiinian fatellite 
fhows the contrary. The elongation of that fatellite is 
taken from Bradley’s obfervations, as is alfo its periodic 
time. A ring of detached particles revolving in ioh. 
32 j muft be of much fmaller diameter than even the in¬ 
ner edge of Saturn’s ring. Indeed the quantity of mat¬ 
ter in it might be fuch as to increafe the gravitation 
confiderably ; but this would be feen by its difturbing 
the feventh and fixth fatellites, which are exceedingly 

Its proba- near it. We cannot help thinking therefore that it con- 
ble confift- fifts cf matter which has very coniiderable tenacity. An 
encY equatorial zone of matter, tenacious like melted glafs, 

and whirled brifldy round, might be thrown off, and, 
retaining its great velocity, would ftretch out while 
whirling, enlarging in diameter and diminifhing in thick- 
nefs or breadth, or both, till the centrifugal force was 
balanced by the united force of gravity and tenacity. 
We find that the equilibrium will not be fenfibly difturb- 
ed by confiderable deviations, fuch as unequal breadth, 
or even want of flatnefs. Such inequalities appear on 
this ring at the time of its difparition, when its edge is 
turned to the fun or to us. The appearances of its 
different fides are then confiderably different. 

Such a ring or rings muff have an ofcillatory motion 
round the centre of Saturn, in confequence of their mu- 
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tual a&ion, and the a&ion of the fun, and their own ir¬ 
regularities : but there will he a certain pofition which 
they have a tendency to maintain, and to which they 
will be brought back, after deviating from it, by the 
eliipticity of Saturn, which is very great. The fun 
will occafion a nutation of Saturn’s axis and a precef- 
fion of his equinoxes, and this will drag along with it 
both the rings and the neighbouring fatellites. 

The atmofphere which furrounds a whirling planet 
cannot have all its parts circulating according to the 
third law of Kepler. The mutual attrition ot the pla¬ 
net, and of the different ftrata, arifing from their diffe¬ 
rent velocities, muft accelerate the flowly moving ftrata, 
and retard the rapid, till all acquire a velocity propor¬ 
tional to their diftance from the axis of rotation* and 
this will be fuch that the momentum of rotation of the 
planet and its atmofphere remains always the fame. It 
will fwell out at the equator, and fink at the poles, till 
the centrifugal force at the equator balances the weight 
of a fuperficial particle. The greateft ratio which the 
equatorial diameter can acquire to the polar axis is that 
of four to three, unlefs a cohefive force keeps the par¬ 
ticles united, fo that it conftitutes a liquid, and not.an 
elaftic fluid like air; and an elaftic fluid cannot form an 
atmofphere bounded in its dimenfions, unlefs there be a 
certain rarity which takes away all elafticity. If the 
equator fwells beyond the dimenfion which makes the 
gravitation balance the centrifugal force, it muft imme¬ 
diately difiipate. 

If we fuppofe that the atmofphere has extended to 
this limit, and then condenfes by cold, or any chemical 
or other caufe different from gravity, its rotation ne- 
ceffarily augments, preferring its former momentum, and 
the limit will approach the axis; becaufe a greater velo¬ 
city produces a greater centrifugal force, and requires a 68 
greater gravitation to balance it. Such an atmofphere And origin, 
may therefore defert, in fucceffion, zones of its own mat¬ 
ter in the plane of its equator, and leave them revol¬ 
ving in the form of rings. It is not unlikely that the 
rings of Saturn may have been furnifhed in this very 
way; and the zones having acquired a common velocity 
in their different ftrata, will preferve it; and they are 
fufceptible of irregularities arifing from local caufes at 
the'time of their feparation, which may afford perma¬ 
nent fpots. . 69 

We think that the rotation of Saturn’s ring affords jt may for- 
fome hopes of deciding a very important queftion about nfih the 
the nature of light. If light be the propagation 
elaftic undulations, its velocity depends entirely on the ^ 
elafticity and denfity of the fluid : but if it be the emif-0f jlght. 
fion of corpnfcles, their velocity may be affeded by 
other caufes. The velocity of Saturn’s ring is ^-y of 
that of the earth in its orbit, and therefore about 
of the velocity of light. The wellern extremity (to us 1 
in the northern regions) is moving from us, and the 
eaftern is moving toward us. If light, by which we fee 
it, be refledled like an elaftic ball from an elaftic body, 
there will be an excefs in the velocity of the light by 
which we fee the eaftern limb above the velocity of the 
light by which we fee the weftern limb. This excefs 
will be ttVs t^ie mean velocity of light. This fhould 
be difeovered by a difference in the refraftion of the 
two lights. If an acromatic prifm could be made to re- 
fra& fourteen degrees, and if Saturn be viewed through 
a telefcope with this prifm placed before it, there fhould 
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be a change of fhape amounting to fjxteen feconds ; if 
the axis of the prifm be parallel to the longer axis of 
the ling, it will diftort it prodigioufly, and give it an 

oblique pofition. 
A fimilar effect will be produced by placing the prifm 

between the eye-glafs and the image in the focus of the 

obje£l-glafs. 
Our expeflation is founded on this unqueftionable 

principle in dynamics, that when a particle of light 
pafTes through the a&ive ftratum of a tranfparent body 
which refraSs light toward the perpendicular, the addi¬ 
tion made to the fquare of its velocity by the refract¬ 

ing forces is equal to the fquare of the velocity which 
thofe forces would communicate to a particle at reft oil 
the furface of this refracting ftratum of the tranfparent 

body. Therefore if the velocity of the incident light 
be increafed, the ratio of the fine of incidence to the 
fine of refraCtion will be diminifhed. It is confonant to 
common fenfe, that when the incident light has a great¬ 

er velocity, it pafles more rapidly through the attracting 
ftratum, and a fmaller addition is made to the velocity. 

When the velocity of the incident light is xoooo times 
greater than that of the earth’s annual motion, the line 
of incidence is to the fine of refraCtion in glafs as 20 to 

3 l, or as IOOOO to 15500. If this be increafed TT^o> 

making it 10004, the ratio will be that of 10004 to 

15502,62, or of 10000 to 15496,4. The difference 
between the refraCtions of the light from the eaftern 
and weftern extremities of the ring will be, to all fenfe, 

the fame, if the velocity of the one be diminifhed to 
9998, and the other increafed to 10002. 

We may juft add here, by the way, that the aClion 
of another body may confiderably change the conftitu- 

Prohable tion of this atmofphere. Thus, fuppofing that the 
reafon why moon had originally an atmofphere, the limit will be 
we fee no t^iat diftance from the moon where the centrifugal force, 

about ar^inS ^rom the moon’s rotation, added to the gravita- 
moon. tion to the earth, balances the gravitation to the moon. 

If the moon be yp-th of the earth, this limit will be 
about £th of the moor.’s diftance from the earth. If 
at this diftance the elaflicity of the atmofphere is not 
annihilated by its rarefaction, it will be all taken off 
by the earth, and accumulate round it. This may 
be the reafon why we fee no atmofphere about the 
moon. 

What has been faid in the article Tide (Encycl.)> 
will explain the trade-winds on the earth and in Jupi¬ 
ter and Saturn. On the earth they are increafed by 
the expanfion of the air by heat. This caufes it to rife 

in the parts warmed by the fun, and flow off toward the 

poles, where it is again cooled and condenfed. The 
under ftratum of colder and denfer air is continually 
flowing in from the poles. This having lefs velocity of 
circulation than the equatorial parts of the earth, muff 
have a relative motion contrary to that of the earth, or 

from eaft to weft, and this muft augment the current 
produced by gravitation. 

Thus we fee that all the mechanical phenomena of 
the folar fyftem, whether relating to the revolutions 
round the various centres of gravitation, or to the figure 

of the planets and the ofcillations of the fluids which 
cover them, or to the rotations round their refpe&ive 

axes—are neceffary confequences of one Ample principle 
of a gravitation in every particle, decreafing in the re- 71 
ciprocal duplicate ratio of the diftance. We fee that All theme* 
this, combined with a primitive projection, will produce cka,»cal 

every motion that we obferve. It was not neceffary, aSna Gf the 
Copernicus imagined, to imprefs three motions on thefolarfyf- 
earth : one, by which it was made to revolve round thetem H°w 
fun ; a fecond, caufing it to turn round an axis inclined?0111,onc- 

to that of its orbit; and a third, by which this axis de-cipje# v 
feribed that conic furface which forms the precefiion of 
the equinoxes. One impulfe, not palling through the 

centre of the earth, nor in the plane of the ecliptic, will 
produce the two firft motions, and the protuberant mat¬ 

ter produced by the rotation will generate the third 

motion, by the tendency of its parts to the other hea-. 
venly bodies. Without this principle, the elliptic mo¬ 
tion of the planets and comets, their various inequali¬ 
ties, fecular or periodical, thofe of the moon and of the 

fatellites of Jupiter, the precefiion of the equinoxes, the 
nutation of the earth’s axis, the figure of the earth, the / 

undulations of its ocean—all would have been imperfedl- 
ly known, as matters of faCt, wholly different from each 
other, and folitary and unconne(Sled. It is truly de- 
ferving admiration, that fuch an immenfe variety of im¬ 
portant phenomena flow fo palpably from one principle* 
of fuch iimplicity, and fuch univerfality, that no pheno¬ 
menon is now left out unexplained, and predicted with, 
a certainty almoft equal to aCtual obfervation, 

Qua toties animos veterum torfere fophorum> 
Shittque fcholas hodle rauco certamine vexanty 

Ob via confpicimus, nubem pellente Mathsji. 
Surgite mortalesy terrenas mittite curas, 

Atque hinc caligen& vires dignofc ite mentis, 
A pecudum vita longe lateque remote. 

AST 

Aftrothe- 
mata 

Afymme- 

ASTROTHEMATA, the places or pofitions of the 

ftars, in an aftrological fcheme of the heavens. 
ASTROTHESIA, is ufed by fome for a conftella- 

tion or colleCUon of ftars in the heavens. 
ASTRUM, or Astron, a conftellation or affem- 

blage of ftars : in which fenfe it is diftinguilhed from 
AJlery which denotes a Angle ftar. Some apply the 
term, in a more particular fenfe, to the Great Dog, or 
rather to the large bright ftar in his mouth. 

ASYMMETRY, the want of proportion, otherwife 

A S Y 

called incommenfurability, or the relation of two quanti- Afymp- 

ties which have no common meafure, as between 1 and totes* 
4/2, or the fide and diagonal of a fquare. w—y—— 

ASYMPTOTES (fee Encycl.) are, by fome, di- 
ftinguilhed into various orders. The afymptote is faid 
to be of the firft order, when it coincides with the bafe 
of the curvilinear figure; of the fecond order, when it 

is a right line parallel to the bafe 5 of the third order, 

when it is a right line oblique to the bafe; of the fourth, 

order, when it is the common parabola, having its 

axis 
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Attar axis perpendicular to the bafe ; and, in general, of the 

0. n -4- 2 order, when it is a parabola whofe ordinate is al- 
Auteniqua. wa^g ag n power 0f t{ie bafe. The afymptote is ob¬ 

lique to the bafe, when the ratio of the firft fluxion of 
the ordinate to the fluxion of the bafe approaches to an 

affignable ratio, as its limit; but it is parallel to tjje 
bafe, or coincides with it, when this limit is not affign- 

able. 
ATTAR of roses. See Rosfs, Otter of, both in 

the Encyclopaedia and in this Supplement. 
AVANT foss, or Ditch of the Counterfcarp, in for¬ 

tification, is a wet ditch furrounding the counterfcarp 

•on the outer fide, next to the country, at the foot of 
the glacis. It would not be proper to have fuch a 
ditch if it could be laid dry, as it would then ferve as a 

lodgment for the enemy. 
AUBIGNE. See Stuart in this Supplement. 
AUMIL, in Bengal, a native collector or manager 

®f a diftriCt on the part of government. 
AUTENIQUA, a large and beautiful country in 

. Africa, lying to the eaft of the Cape of Good Hope, 
and inhabited, part of it, by Dutch coloniits. The 
word duteniqua fignifies, in the Hottentot language, 
<6 3 man loaded with honey a name which is not 

improperly given to the country, fince, as you enter it 
from the Cape, you cannot proceed a ftep without lee- 

ing a thoufand fvvarms of bees. The flowers on which 
they feed fpring up in myriads ; and your attention is 
engaged, and your courfe fufpended, by the mixed 
odours which exhale from them, by their colours and 
variety, and by the pure cool air which you breathe. 
Nature has made thefe enchanting regions like fairy 

land. The calyxes of all the flowers abound with ex¬ 
cellent juices, from which the bees extract the honey 
that they everywhere depofite in hollow rocks and trees. 

This country was vifited in 1782 by M. Vaillant, 
who calls it the moft delightful region in the univerfe ; 
and fays, that, as he approached it, he beheld, from the 
top of a very high mountain, an immenfe valley, adorn¬ 

ed with agreeable hills, variegated in an infinite num¬ 
ber of fhapes, and extending in an undulating manner 
as far as the fea ; whilft enamelled meads, and the mod 
beautiful paftures, ftill added to the magnificent feene. 
It abounds with fmall rivulets, which, flowing down 
from the mountains, run into the fea through an hun¬ 
dred different channels. The water of thefe rivulets has 

-the colour of Madeira wine, and a ferruginous tafte ; 
but our traveller did not examine whether this tafte and 

colour proceed from their flowing through fome mine 

in their paffage, or from the roots and leaves of trees 

which they carry along with them. 
The whole of Auteniqua, from the chain of moun¬ 

tains which divides it from the country of that race of 
Hottentots called Gonaquas to the fea, is inhabited by 
feveral planters, who rear a number of cattle, make but¬ 
ter, cut down timber, and collect honey ; all of which 
they tranfport to the Cape : but it appears that they 
make not the moft of their fituation. ** Can it be be¬ 

lieved (fays M. Vaillant), that the dire&ors of the Com¬ 
pany, for their own ufe, fhould order fhips to be fent 
every year from Amfterdam, loaded with planks and 
boards of every kind, whilft in this country there are 
immenfe forefts, and the moft beautiful trees in the 
world? This abfurdity, however, is not at all aftonifh- 

Ing. The Company gratuitoufly furnifhes the gover¬ 

nor and all the officers with whatever wood they have Auteniq 
occafion for; and it is delivered to them at their houfes v"—~v— 
without any expence. The governor therefore has no 
perfonal intereft to extend his views to this part of the 

adminillration, and to abolifh an abufe fo prejudicial to 
the colony.” 

But the colonifts themfelves muft be a very indolent 
and ftupid kind of people ; fince, if our traveller de- 
ferves credit, they negleCI advantages with which the 
perfonal intereft of the governor cannot polfibly inter¬ 
fere. I was filled with indignation (fays M. Vail¬ 
lant) to fee people, who have wood within their reach, 

employ it in commerce, and not have the courage to 
build for themfelves habitable houfes. They live in 
wretched hovels, conftru&ed of wicker-work, daubed 
over with clay ; the {kin of a buffalo, fixed at the four 
corners to as many {takes, ferves them for a bed; and 
the door, which is at the fame time a window, is fhut 
by a mat ; while two or three mutilated chairs, a few 
pieces of plank, a kind of table, and a pitiful box of 
two feet fquare, form all the furniture of thefe colonial 

habitations. Thus is the pi&ure of the moft profound 
mifery contrafted with the charms of this terreftrial pa- 
radife ; for the beauties of thefe regions extend even 
beyond Auteniqua. The people, however, though 
their houfes be bad, live well. They have game and 
falt-water fifh in abundance ; and enjoy exclufively, over 
all the other cantons of thefe colonies, the advantage 

of having, for the whole year without interruption, ve¬ 
getables of every kind in their gardens. For this they 
are indebted to the excellence of the foil, and to its be¬ 
ing naturally watered by fmall ftreams, which crofs each 

other in a thoufand different directions, and, as one 
may fay, lay the four feafons under contribution to fer¬ 
tilize Auteniqua. Thefe ftreams, which frequently over¬ 
flow their banks, but never dry up, proceed from a caufe 

well known; the high mountains towards the eaft, which 
are covered with forefts, flop the clouds and the fogs 
carried from the fea, and this occafions very abundant 

rains.” 
In thefe mountainous regions, which, as well as the 

plain, our author comprehends under the denomination 
of Auteniqua, there are multitudes of elephants, buffa¬ 
loes, panthers, hyenas, and antelopes of every fpecies ; 
and all thefe animals are hunted and killed by the na¬ 
tives, as well for food as for the protection of their 
flocks and herds from fuch of them as are beafts of 
prey. Our author has eaten the flefh of every one of 
them- except the hyena ; and declares, that the foot of 
an elephant, baked after the Hottentot manner, is one 
of the moft delicious morfels that he ever tafted. He 
gives directions for hunting them all ; but warns his 
readers from attacking elephants when he finds them in 

droves, for then, he fays, they are invincible. He even 
thinks it exceedingly dangerous for one man, however 
well armed, to attack a fingle elephant in the plain. 
The buffalo he deferibes, contrary to moft other travel¬ 

lers, as a timid animal, which never refifts till his fitua¬ 
tion becomes defperate; and he thinks that there would 

be no difficulty in training him, if caught when a calf, 

to the yoke like the bullocks of Europe. 
The kites and vultures of this country, our traveller 

reprefents as in the higheft degree voracious and fierce,in- , 

fomuch that it is hardly poffible to fright them from their 

prey. He had on one occafion killed two buffaloes, 
which 
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Mitmiqua. which he ordered to be cut into very fmall pieces, that 

they might be more ealily faked, and expofed after¬ 
wards to the air and the fun. His wagons, as well as 
the bullies and trees which furrounded him and his peo¬ 
ple, were loaded with the bloody fragments of thefe two 

animals, and they had begun their operation of falting ; 
but on a fudden, while they were not expeding it, 

they found themfelves attacked by flights of kites and 
vultures, which, without exhibiting the leak fymptoms 
of fear, perched in the mid ft of them. The kites were 

above all the moft impudent. They feized upon the 
morfels of fiefii, and even contended furioufly with his 
people. 64 When they had each carried away (fays he) 
a pretty large piece, they retired to feme branch, at 

the diilance of ten paces from us, 3nd devoured it before 
our eyes. 'Chough we fired our fufees they were not 
frightened, but returned inceflaiitly to the charge ; fo 
that finding our powder wafted in vain, we refolved to 

keep them off with large poles until our provifions 
Should be quite dry. This manoeuvre, which for a 
long time harafted my people, did not prevent us from 
being plundered without mercy ; but had we not em¬ 

ployed it, nothing would have remained to us of our 
two buffaloes.” 

This battle with the kites took place on the confines 
of the Dutch fettlements ; but when M. Vaillant had 
with difficulty paffed over the mountains which bound 

them, the profpeds became more magnificent, the foil 
feemed to be more fruitful and rich, nature appeared to 
be more majeitic and grand, and the lofty mountains 
prefented on all fides more charming and delightful 
points of view than any that he had ever before met 
with. Thefe feenes, contrafted with the dry and parch¬ 
ed fields of the Cape, made him exclaim, he fays, in 
ecftacy, lt What! fhall thefe fuperb regions be eternally 
inhabited by tigers and lions ? WhatSpeculator, with 
the fordid view only of eftablifmng a kind of centre for 
commerce, could have preferred the ftormy Table Bay 
to the numberlefs roads and commodious harbours which 
are to be found on the eaftern coafts of Africa ? Thus 
(continues he) was I refkding within myfelf, whilft I 
was climbing the mountain, and forming vain wifhes for 
the conqueft of this beautiful country, which the indo¬ 

lent policy of the European nations will perhaps never 
gratify.” 

If his defeription of its beauties and fertility be not 
greatly exaggerated, it is indeed wonderful that either 
the Dutch or fome other maritime power of Europe has 
not long ago taken poffeffion of it. After he had paffed 
the mountain, one could not, he fays, choofe a more 
agreeable or advantageous fpot than that upon which 
he then was for eft abb filing a thriving colony. The fea 
advances through an opening of about a thoufand paces 
in breadth, and penetrates into the country to the di- 
ftance of more than two leagues and a half. The bafon 
which it forms is more than a league in extent (he 

does not fay whether in breadth or in circumference) ; 
and the whole coaft, both on the right and the left, is 

bordered with rocks, which intercept all communication 
with it. 1 he land is watered by limpid and refrefhing 
ftreams,^ which flow down on all fides from the eaftern 

mountains; and thefe mountains, crowned with majef- 
tic woods, extending as far as the bafon, and winding 

round it with a number of finuofities, exhibit a hua- 
Suppl. You I. Part I. 
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dred groves, which are naturally variegated, and each Auteniqui. 
more agreeable than another. ’ 

The author proceeding forwards about two days 
journey, arrived at a bay known to navigators by the 

name of the Bay of Agoa, but called by the colonifts 
Blettenberg’s Bay, from its having been vifited fome 
time before by a Governor Blettenberg, who ordered 

his name, together with the year and day of his arrival, 
to be engraven on a ftone column. This bay is a little 

beyond the limits of the country called Auteniqua; but 

it is not foreign from the purpofe of this article to in- 
fert in this place our traveller’s account of it, and of the 
country around it. 

The bay itfelf, he fays, is very fpacious, and has a 
fufficient depth of water for the largeft veffels. The 
anchoring ground is fure, and boats can fail to a beau¬ 
tiful part of the fhore, which is not confined by the 
rocks, as they are all there detached from one another. 

By advancing a league along the coaft, the crews would 
arrive at the mouth of a confiderable river called the 
Queur-Boom, where they would find water. Refrelh- 

ments might be procured from the inhabitants of the 
environs; and the bay would fupply them with excel- 
lent fifti, witK which it abounds. 

1 his bay is one of thofe places where government 
might eftablifh warehoufes and repolitovies for timber ; 
and it is for this reafou that we have introduced it to 
notice in this article. The forefts around it, fays M. 

Vaillant, are everywhere magnificent, and the trees 
could be more eafily cut down than anywhere elfe ; for 
it is not to fteep mountains, that one muft go for wood, 
as at Auteniqua ; it is here ready at hand ; and during 

the fine monfoon might be tranfported to the Cape with 
little trouble and no rifle. The inexhauftible and fer¬ 

tile lands in the neighbourhood of the bav, if once cul¬ 
tivated, would produce abundant crops, and draw toge¬ 
ther a great number of intelligent planters, on account 
of the ready communication which they would have 
with the Cape. In a word, the Company, Continues 
he, have nothing to do fo much for their own,intereft 
as to form here a proper eftablifimient. To the general 
profits of fuch an inftitution, would be added thofe of 

individuals, which could not fail to be of great import¬ 
ance. They might, for example, cut down a certain 
tree called Jlinking wood, and export it to Europe, 
where it would undoubtedly be foon preferred to maho¬ 
gany and every other kind of wood employed by cabi¬ 
net makers. 

The Hottentots, who in fcattered kraals inhabit this 
delightful country, cur author deferibes as a faithful, 
gentle, and rather timid race. He affirms that they 

have no religious impreffions whatever, nor any notion 
of fuperior powers who govern the world. But this, if 
not a wilful falfehood di dated by the philofophy’of 
France, is probably a miftake arifing from his fcanty 

knowledge of their language, and total ignorance of the 
meaning of their religious ceremonies. His great ma¬ 
ker, as well as the maker of his fed, Lucretius, might 

have taught him, that fear, if riot a better principle, will 
generate the notion of fuperior beings in the minds of 

lavages ; and from fear, by his own account, the in ha¬ 
bitants of Auteniqua are far fi*om being free. He like- 
wife affirms, and feems to confider it as much to their 

credit, that this race of gentle beings, fo far from being 

H a 



A U T [58 
Automa a prey to the paflion of jealoufy (as other travellers 

tcn have reprefen ted the Hottentots in general), are fo obli- 
— ging, as to lend their wives to travellers who vifit them, 

and that they actually accommodated his Hottentots in 
this way. Auteniqua, as laid down in M. Vail!ant’s 
map, lies between 3 r; 30' and 340 50' of fouth latitude, 
and between 20p and 23° 40' of eaft longitude ; and 
his rout through the country was from foutli-welt to 

uoith-eaft, or nearly fo. 
AUTOMATON. Under this title and that ot 

Androides full credit was allowed in the Encyclopedia 

Brttanntca to the ftory of M. de Kempel’s mechanical 
chefs-player, and a detail at fome length was given of 
the feats of that figure, as well as of lome other furpri- 
iing automata. No man more readily admits the powers 
of the fkilful mechanician than the writer of this Inort; 

article ; but having many years ago detefted the impo- 
fit ion which was pra&ifed on the public in fome parts 
of Scotland by a circumforaneous mountebank, who 
exhibited a figure apparently capable of writing a cer¬ 
tain number of w’ords, he has ever fince fufpedted im- 
pofture in all automata which appear to have the power 
of varying their motions according to circumflances. 
With refpea to the chefs-player, there is now fufficient 

evidence that his fufpicions were well founded. 
In the defeription of this figure (Encycl. Vol. I. 
7g7.), “ it is faid that the automaton could not 

Hay unlefs M. de Kempel or his fubflitute was near it 
to direct its moves. A fmall box during the game was 
frequently confulted by the exhibiter ; and herein con- 

fifted the fecret, which he faid he could in a moment 
communicate.” The fecret was indeed fimple : “ A 

well taught boy, very thin and fmall of his age, was 
concealed in this box almoli immediately under the 

chefs-board, and agitated the whole machine.” This 

we learn from Thomas Collinfon, Efq; who was let in- 

] A X I 
to the fecret at Diefden by a gentleman of rank and ta- Autom* 

lents, named Jofeph Frctdrick Freyhere, by whom the 
vitality and foul of the chefs-playing figure had fome _^ 
time before been completely difeovered. Mr Collinfon, 
finding that Dr Hutton had given the fame credit with 
us to the reality of mechanical chefs-playing, undecei¬ 
ved his friend, by communicating the diicovery of Frey¬ 
here in a letter, which the Doctor has with great pro¬ 
priety publifhed in the Jddenda to his Mathematical 
Dictionary, Mr Collinfon adds, and we doubt not 
with truth, that, “ even after this abatement of its be¬ 

ing ItriCtly an automaton, much ingenuity remains to 
the contriver.” This was in fome degree true of the 
medianifm of the writing figure, of which the compiler 
of this article detedted the bungling impoflure of the 
two exhibiters. The figure itfelf, with all the principles 
of its motion, were very ingenioufly coiiftru&cd ; but 
the two men who exhibited it were ignorant and awk¬ 
ward, and could not conceal from a feminizing eye, 
that the automaton wrote fometimes well and fometimes 
ill, and never wrote at all when they were both prefent 
to the company. It was by infilling upon feeing them 
both together, and threatening to expole the cheat to 
the whole town, that the prefent writer prevailed upon 
him who appeared to be the principal exhibiter, to con-, 

fefs in private that his companion was concealed be¬ 
hind a fereen, and to fhow how, from thence, he direct¬ 

ed the movements of the figure. 
Conjugate AXIS, or Second Axis, in the ellipfe 

and hyperbola, is the diameter palling through the cen¬ 
tre, and perpendicular to the tranfverfe axis; and is the 

fhortefl of all the conjugate diameters. 
Tranfverfe Axis, in the ellipfe and hyperbola, is the 

diameter palling through the two foci and the two prin¬ 

cipal vertices of the figure. In the hyperbola it is ths 

fhorteft diameter, but in the ellipfe it is the longeft. 

B. 

Bahrdt tjAHRDT (Dr Carl Friedirich) was fo deeply con- 
-D Cerned in a combination of philosophers formed, as 

they faid, for the advancement of fcience and virtue, 
that an account of his life mull be interefling, if it were 

only to fhow the effe&s of this philofophic culture on 
his own morals. We trull therefore that our readers 
will be pleafed, perhaps improved, by the following nar¬ 
rative, taken from documents the moll authentic, by a 

# See Pro- man* whofe communications on other fubjeas do cre- 
feffor Rohi- fa to tHis volume. 
fon ofEdin- Carl ^rrJedirich Bahrdt was, in 1741,. born at Leip- 

Prfofs of a fig> where his father, then a parifh minifter, and after- 
Confpiracy wards profelfor of theology, died in 1775. It is natu- 
egaivf all rai to fuppofe that fuch a parent would be at due pains 
the Rfhlons to \fa[\ into the mind of his fon the principles of piety, 

wnho/Eu-virtue, and patriotifm, which is indeed a branch of vir- 

Tepe. tue i but if fo, he lived to fee that his labour had been 

in vain. While yet at college, where the courfe of his Bahrdt; 

lludies was calculated to fit him for the important of-v—V-* 

fice of preaching the gofpel, the young man enlifled as 
a huffar in the Prufiian fervice ; but being bought off, 
he returned to the univerfity, where, in 1761, he was 
admitted to the degree of M. A. Soon afterwards he 
became catechifl in his father’s church, was a popular 
preacher, and in 1765 publifhed fermons, and fome 
controverfial writings, which evinced that he poffeffed 
both learning and genius. Neither learning nor genius, 

however, nor both united, could attach him to th^» 
caufe of virtue, or make him obferve even the common 
rules of decorum ; for immediately after this publica¬ 
tion he began to indulge in conviviality, and to give 
fcope to his refentments in anonymous pafquinades, in 
the highefl degree bitter and offenfive. From the fhaft3 
of his malice no perfon was fafe* Profeffors, magiflrates, 
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Bahrdt, and clergyman, had indeed his chief notice ; but he 
—v-condcfcended occafionally to attack ftudents, and fpared 

not even his own comrades or his friends. 
Whilft he was thus labouring to make enemies of all 

.to whom he was known, unfortunately, for his own cha¬ 
racter, his temperament was what the atomical philofo- 
phers (who can explain every thing by ethers and vb 

b rations) call fanguine ; and he was, as he himfelf ac¬ 
knowledged, a paffionate admirer of the ladies. Coming 

home from his midnight revels, he frequently met in 
his way a young girl neatly drefied in a rofe-coloured 

filk jacket and train, and a coftly fable bonnet ; and 
one evening, after having, as he fays, indulged freely in 
fome old Rhenifh, he faw her home to her lodgings. 
Some time after this interview, the miftrefs of the houfe 
(a Madam Godfchufky) came into his room, and faid 
that the poor maiden whom he had debauched was preg¬ 
nant. This was a misfortune which he could not help ; 
but as it would ruin bis charadler if known, he gave to 
the old lady a bond for 200 dahlers (about L.40 fter- 
ling), to be paid by inftalments of twenty-five, to keep 
the matter fecret. “ The girl (he fays) wasferifible and 
good; and as her converfation, for which he had al¬ 
ready paid, was agreeable, he did not difcontinue his 

acquaintance.” 
It could not be fuppofed that fuch vifits, by a cler¬ 

gyman, would pafs unobferved, however cautioufly 
made, in the midft of a town, of which the inhabitants 
had been the indiferiminate objedls of his fatire; and he 
could hardly be furprifed when told by a friend, that 
one Bel, a magiftrate whom he had lampooned, was 
accquainted with the whole affair, and would bring it in¬ 
to a court of juftice, unlefs the bond was immediately 

retired. 
This bond was the only evidence which could be pro¬ 

duced againft Bahrdt, but it was fufficient to blafl his 
character in Leipfig, and mud therefore by any means 
be removed out of the way. To accomplifh this, how¬ 
ever, was a matter of fome difficulty ; for. neither he nor 
his friend could raife the money. In this dilemma they 
fell upon a contrivance worthy «f themfelves. They 
invited Madam Godfchufky to meet them in another 

houfe to receive the 200 dahlers due to her by Bahrdt; 
but when fhe was ufhered into the room, and found no 
perfon waiting for her but Bahrdt’s friend, fhe could 
not be prevailed upon to produce the bond till the mo¬ 
ney fhould be put into her hands, together with a pre- 
fent to herfelf. The Gentleman tried to intimidate her. 
He drew his fword ; fhowed her how men fence; made 
pufhes at the wall and then at her: but finding that fhe 
could not be frightened out of her fenfes, he threw away 
his fword, and endeavoured to take the bond from her 
by force. It was fome time before he prevailed ; but 
at lafl getting the paper out of her pocket, he tore it 
in pieces, opened the door of a clofet in which Bahrdt 
was concealed, and faid, 4< There, you h-; there is 
the honourable fellow whom you and your whore have 

bullied ; but it is with me you have now to do, and you 
know that I can bring you to the gallows.” 

Bahrdt, from whofe memoirs of himfelf this ftory is 
taken, admits that there was a great fquabble on the 
occafion ; but he went home, comforting himfelf with 
the belief that he fhould now have no farther trouble 
from Madam Godfchufky or her girl. He chanced,' 

however, to be miitaken. The*magiftrate Bel had fome 

how been made acquainted with this nefarious tranfac- Bahrdt. 

tion, and brought it into court on the day that our v—■ 
hero was to make fome very reverend appearance at 
church. The cafe of Bahrdt was now hopelels ; for 
after fome unfucccfsful attempts of his poor father to 

fave him, he was obliged to give in his gown and band, 

and to quit Leipfig. 
To a parent the public difgrace of a child is one of 

the fevereft calamities to which human nature is liable ; 
but for this calamity the father of Bahrdt muft have 
been long prepared, as his foil appears to have been re» 

markably undutiful. Of this we have one memorable 
inftance recorded by himfelf. His father, he fays, was 
feverc, and his own temperament hafty, fo that lie fome- 
times forgot himfelf. “ One day (continues he) I laid 
a loaded piftol on the table, and told him that he fhould 
meet with that if he went on fo ; but I was then only 

SEVENTEEN ! * 

On his being obliged to leave the place of his nati¬ 
vity, the friends of Bahrdt, and in particular Sender, 
an eminent theological writer, who had formed a very 

favourable opinion of his talents, were affiduous in their 
endeavours to procure an eftablifhmcnt for him elfe- 
where; but his high opinion of himfelf, his impetuous 
and precipitant temper, and that fatirical habit which 
he had fo freely indulged in his outfet in life, made 
their endeavours long ineffedlual. At laft he got a 
profefforfhip at Erlangen, then at Erfurth, and in 1771 

at Gieffen. But in each of thefe places he was no 
fooner fettled than he got into difputes with his col¬ 
leagues and with the eftablifhed church ; for he was a 
ftrenuous partizan of the innovations then attempted to 
be made in the dodtrines of Chrillianity. In his publi¬ 

cations, which were generally anonymous, he did not 
truft to rational difeuffion alone, but had recourfe to ri¬ 
dicule and perfonal anecdotes, and indulged in the moil 

cutting farcafms and grofs feurrility. 
His love for convivial company continuing, his in¬ 

come was inefficient for the craving demand. Finding 
therefore that anecdote and flander always procured 
readers, and pofieffing a wonderful adlivity and facility 
in writing, he never ceafed from publifhing lampoons 
and fatires, in which he fpared neither friends nor foes. 
But it was impoffible to prevent thefe publications from 
being traced to their author; and his avowed theological 
writings being fuch as could not be fuffered in a pro- 
feftor of divinity, the hoft of enemies which he had been 
at fo much pains to raife againft himfelf, were furniflied 
with fufficient grounds for fubjedting his condudl to le* 
gal cognizance ; even the very ftudents at Gieffen were 
fhocked at fome of his liberties. 

The confequence of all this was, that, after much 
wrangling in the church judicatories, he was juft about 
to be difmiffed from his profef forth ip, when he got an 

invitation to Marfchlins in Switzerland to fuperintend 
an academy. 

To Marfchlins he went about the year 1776, and 
began his new career by forming the feminary after the 
model of an academy which had fome time before been 
fet up in the principality of Anhalt DefTau by one Ba- 
fedovv, a man of talents and learning, who gave to it 
the appellation of philanthropine. The plan of this 
academy was very different from thofe of the liniverfi- 
ties ; for its author profeffed to confider languages, 

fciences, and the ornamental exercifes, as mere acceffo- 
H 2 ries, 
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rles, his aim being to form the young mind to the love 
of mankind and of virtue, by a courfe of moral, educa¬ 
tion certainly fpecious, and apparently unexceptionable. 
To make this novel inftitution the more extenfively ufe- 

ful, the rules by which the education was to be con¬ 
duced were framed in fucli a manner as, it was thought, 
would remove from the minds of Catholics, Lutherans, 
and Calvinifts, all uneafinefs refpeXing the faith of their 
children, as it related to thofe particular tenets which 
feparated them into different communions. It was even 
propofed to banifh from the philanthropine all pofitive 

religion whatever, and to inftruX the youth educated 

there in the principles only of natural, or, as it was 

called, phihfophical religion. 
This plan was peculiarly fuited to Bahrdt’s tafte, be- 

caufe it left him at liberty to introduce into his academy 
any fyftem of religious or irreligious opinions that he 
pleafed ; a liberty of which he refolved to avail liimfelf, 
and, though now a doctor in theology, to outflrip, in 
licentioufnefs, even the founder of the philanthropine, 
who was not in orders. By meditating on the work¬ 
ings of his own mind, he had by this time formed his 
theory of human nature, which was indeed very iimple. 
<< The leading propenfities of the human mind (he fays) 
are three ; inftinXive liberty, inftinXive aXivity, and 
inftinXive love” By thefe expreflions we fuppofe he 

means, “innate love of liberty, inftinX prompting to 
aXion, and the fexual appetite and he immediately 
adds, that “ if a man is obftruXed in the gratification 

of any of thefe propenfities, he fuffers an injury. The 
bufinefs therefore of a good education is to teach us 
how they are to be gratified in the highefl degree.” 

That fuch an education would be approved of by the 
uncorrupted natives of Switzerland was hardly to be 
expeXed ; and Bahrdt foon found his fituation at 
Marfchlins as uncomfortable as it had been at Gieffen. 
“ The Grifons (he fays) were a ftrong inftance of the 
immenfe importance of education. They knew nothing 

but their handicrafts ; and their minds were as coarfe 
as their perfons.” He quarrelled with them all, and 
was obliged to abfcond after lying fome time in prifon.^ 

From Marfchlins he went to Durkheim, a town in 
the Palatinate, where his father had been minifter, and 

where his literary talents were well known. After fome 
little time he got an affociation formed for erecting and 
fupporting a Philanthropine or houfe of education. A 

large fund was colleXed ; and he was enabled to travel 
into Holland and England to engage pupils, and was 

furnifhed with proper recommendations. 
In London he gained the friendfhip of a clergyman, 

whom he reprefents as a perfon in the higheft degree 
accomplished. “ With found judgment (fays Bahrdt), 
great genius, and correX tafte, he was perfeXly a nrran 
of the world. He was my friend, and the only perfon 
who warmly interefted himfelf for my inftitution. To 
his earneft and repeated recommendations I owe all the 
pupils that I got in England, and many moft refpeX- 
able connexions ; for he was univerfally efteemed as a 
man of learning and of the moft unblemifhed charaXer. 
He was my friend, my conduXor, and I may fay my 
preferver ; for when I had not bread for two days, he 
took me to his houfe, and fupplied all my wants.” 

For fo much kindnefs the reader doubtlefs fuppofes 
that the heart of Bahrdt overflowed with gratitude ; 

but if fuch be his opinion, he is a ftraiiger to the prin- 
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ciples of thofe who have on the continent of Europe Bahrdt* 

affociated for the purpofe of enlightening the world. 
This amiable man, vvhofe charaXer is here fo juftly 
drawn, was afterwards depiXed by the monfter whom 
he had faved from perifhing by hunger, as a wretch loft 

to all fenfe of fhame and decency, as an apoftate from 
the Chriftian faith, and as a notorious frequenter of the 
London brothels ! Fortunately he was able to vindicate 
his charaXer completely from this flanderous abufe, and 
to conviX Bahrdt of having publifhed vvhat could not 

pojjibly le true. 
This ungrateful liar returned from England, and car¬ 

ried into execution his plan of the Philanthropine. The 
caftle of Count Leining Hartzburgh at Heidefheim, 
having gardens, park, and every handfome accommoda¬ 
tion, had been fitted up for it ; and in 1778 it was 
confecrated by a folemn religious feftival. But his old 
misfortunes purfued him. He had indeed no colleagues 
with whom he could quarrel ; but his avowed publica¬ 
tions became every day more obnoxious ; and when any 
of his anonymous pieces had a great run, he could not fo 
far ftifle his vanity as to conceal that he was the au¬ 
thor. Of thefe pieces fome were {hocking to decency,, 

and others fo horribly injurious to the charaXers of the 
moft refpeXable men in the ftate, that he was conti¬ 
nually under the correXion of the courts of juftice. It 
was hardly poffible for a man of letters to be in his 
company, and not fuffer by it ; for it was his eonftant 
praXice to attribute every ftep which he took towards 

atheifm, to the force of the arguments urged by fome 

of liis friends. 
To be his friend, or to obtain his applaufe, was in¬ 

deed fo great a misfortune, that when the reader fees 
any perfon celebrated by Dr Bahrdt, in the beginning 
of a book, for found fenfe, profound judgment, accurate 
reafoning, or praifed for aXs of friendfhip to himfelf, 

be may be allured, that before the clofe of the book 
this man fhall be reprefented as having in private con¬ 
vention convinced the author, that fome doXrine, che- 

rifhed and venerated by all Chriftians, is a piece of kna- 

vifh fuperftition. 
Dr Bahrdt had married, while at Gieffen, a woman 

with a fmall fortune : but fuch a ftranger was he to the 
delicacies of wedded love, fo loft indeed to 3II fenfe of 
decency, that he contrived one day to entice his wife 
fiahed into the bath in the garden of his Philanthropine, 
where, in the water, he, being alfo naked, toyed with 

her in the fight of all his pupils. It was his boaft that 
he held his opinions independent of all mankind, and 
was indifferent whether they procured him praife or re¬ 

proach ; but it appears from this faX, that he was 

equally regardlefs of the praife or cenfure which might 
be attached to his aXions ; for furely the groffeft hog 
that ever before him battened in the Epicurean 11 y 
would not have prefented fuch an exhibition to boys. 

The confequence of all this was, that he was obliged 
to fly from Heidefheim, leaving his fureties in the Phi¬ 

lanthropine to pay about 14,000 dahlers, befides debts 
without number to his friends. He was imprifoned at 
Dienheim ; but being foon releafed, he fettled at Halle, 
where he funk to be the keeper of a tavern and billiard- 
table. His houfe became of courfe 'tlie refort and the 
bane of the ftudents in the univerfity, and he was obli¬ 
ged to leave the city. He had fomehow got money 

fufficient to purchafe a little vineyard, pleafantly fitua- 
ted 
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Bahrdt. ted in the neighbourhood. This he fitted up with 

every accommodation that could invite the ftudents, 
and called it Bahrdt’'s Ruhe (Bahrdt’s repofe) ; where 
he lived for two years, dire£ting the operations of a fe- 
cret fociety called the German Union, for rooting 

out Superstition and Prejudices, and for advan¬ 

cing true Christianity. 

With Bahrdt’s qualifications for advancing the inte- 
refls of genuine Chriftianity, the Chritlian reader is al¬ 
ready fufficiently accquainted ; but lie will not wonder 
at his appointment to this high office, when he is in¬ 
formed that the German Union is nothing more than 
a fpawn of the fecret fociety of Illuminati (fee Illu¬ 

minati in this Supplement) ; and that its obje£l is to 
abolifh the religion of the gofpel, and to teach in its 
Head the fatalifm of the Stoics. With this view Chri- 
ftianity is confidered in the union as a rnyftical fociety, 
and its Divine Founder as the grand mailer of a lodge ! 
The apoftles Peter, James, John, and Andrew, were the 
elect, brethren of the third degree, and initiated into 

all the myfteries. The remaining apoftles were only of 
the fecond degree ; and the feventy-two, of the JirJl : a 
degree into which ordinary Chriftians may be admitted, 
and prepared for farther advancement. The great my- 

ftery is, that J- C- was a naturalist, and 

taught the doilrine of a fupreme mind, the (peculator 
but not the governor of the world. 

To propagate thefe impious and abfurd notions, 
Bahrdt publifhed many books of the moil antichriftian 
tendency, and fome of them calculated to make their 
readers fhake off all moral obligation. But the labours 
of the fociety were not confined to religion : it incul¬ 
cated ori its members the moft dangerous maxims of ci¬ 
vil condu& : for, as we learn from Bahrdt himfelf, the 
obje&s at which the Union aimed were—Advancement 

of fcience—a general interejl and concern for arts and learn- 
ing—excitement of talents—check of fcribbling—good edu~ 
cation — LIBER T Y-EQUALITY hofpltal'ity-DELIVERY 
of many from misfortunes—union of the learned— 
and at lafl—perhaps—Amen. 

What* the meaning of this enigmatical conclufion is 
we can only guefs ; and we agree with the real philofo- 
pher from whom we have taken this account, that our 

conjectures cannot be favourable. Bahrdt was a villain, 
and could be affociated only with villains, whoft affairs 
he managed with the help of an old man, who lived at 
bed and board in his houfe for about fix (hillings a-week, 
and difcharged the office of fecretary to the Union. 

When he had toiled in this caufe near two years, 
fome of the fecrets of the Union tranfpired ; his former 
conduct and his conftant imprudence made him fufpeCt- 
ed ; his affociated friends lodged informations againft 
him ; his papers were feized ; and he himfelf was Tent 
to prifon, firft at Halle and then at Magdeburgh. After 
fomething more than a year’s confinement, he was fet 
at liberty, and returned to His Ruhe, not, alas ! to live 
at eafe, or to exhibit fymptoms of repentance, but to 
lie down on a fick-bed, where, after many months fuf- 
fering of increafing pain, he died on the 23d of April 
1793, the moft wretched and loathfome victim of un¬ 
bridled fenfuality. 

Such were the fruits of the German Union, and of 
that illumination which was to refine the heart of man, 

and bring to maturity the feeds of native virtue, which 

are choaked in the heart by fuperftition and defpotifm. 
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Dr Bahrdt affeCted to be the enlightener and reformer Bahrdt. 

of the world ; and affirmed that all the evils of life pri- * 
ginated from defpctifm and fuperftition. “ In vain 
(fays he) do we complain of the in efficacy of religion. 
All pofitive religion is founded on injuftice. No prince 

has a right to prescribe or fanCtion any fuch lyitem ; 
nor would he do it, were not the priefts the firmed pil¬ 

lars of his tyranny, and fuperftition the ftrongeft fetters 
for his fubjeCts. He dares not fhow Religion as (he is, 
pure and undefiled—die would charm the eyes and the 
hearts of mankind, would immediately produce true mo¬ 
rality, would open the eyes of freeborn mail, would 
teach him what are his rights and who are his oppref- 
fors, and princes would vanifh from the face of the earth.” 

Therefore, without troubling ourfelves with the truth 
or falfehood of his religion of nature, and affuming it as 
an indifputable point, that Dr Bahrdt has feen it in this 

natural and fo effective purity, it is furely a very perti¬ 
nent queftion, “ Whether has the fight produced on his 
mind an effeCt fo far fuperior to the acknowledged faint- 
nefs of the impreffion of Chriftianity on the bulk of 
mankind, that it will be prudent to adopt the plan of 
the German Union, and at once put an end to the di- 

vifions which fo unfortunately alienate the minds of pro- 
feffing Chriftians from each pther ?” The account here 
given of Dr Bahrdt’s life feems to decide the queftion. 

But it will be faid that we have only related fo ma¬ 

ny inftances of the quarrels of priefts and their flaviffi 
adherents with Dr Bahrdt. Det us view him in his 
ordinary conduCl, not as the champion and martyr of 
illumination, but as an ordinary citizen, a hufband, a fa¬ 
ther, a friend, a teacher of youth, a clergyman. 

When Dr Bahrdt was a parijfh minifter, and prefident 
of fome inferior ecclefiaftical diftriCt, he was empowered 
to take off the cenfures of the church from a young wo¬ 

man who liad born a baftard child. By violence he 
again reduced her to the fame condition, and efcaped 
cenfure by the poor girl’s dying of a fever before her 
pregnancy was far advanced, or even legally document¬ 
ed. On the night of the folemn farce of confecrating 

his Philantliropine, he debauched the maid-fervant, who 
bore twins, and gave him up for the father. The 

thing was not judicially proved, but was afterwards 
made fufficiently evident by letters found among his 

papers, and publifhed by one of bis friends in the Union. 

Having fupported thefe infants, in a pitiful manner, for 
little more than a year, lie caufed them to be taken, 
away from their mother, during night, fome time in 
the month of February 1780 ; and they were found 
expofed, the one at Ufstein, and the other at Worms, 
many miles diftant from each other, and almofl frozen 
to death. 

So much for the purity of his morals and his reli¬ 
gion, as he appears in the charaCter of a father and 
of a clergyman. Flis decency as a hufband, and his 
gratitude to his friend, we have already feen ; and 
we ffiall now fee his kindnefs and fidelity. After 

wafting the greateft part of his wife’s little fortune, 
he was fo provoked becaufe her brother would not 
give him up the remainder, amounting to about L.110, 
that he ever afterwards treated her with the greateft 

cruelty, and exhibited her to contempt and ridicule in 
two infamous novels. At Halle he brought a miftrefs 
into the houfe, and committed to her the care of his fa¬ 

mily, confining his wife and daughter to their owr*. 

apartment» 
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Jh'Hf, apartment; and the lafl thing which he did was to 
Bully. fen(i fora bookfelUr, who had publilhed fome of his 

*•--- vileft pieces, and, without a thought of his injured wife, 
recommend his (trumpet and her children to his protec. 

“Think not, indignant reader (fays Arbuthnot), 

that this man’s life is ufelefs to mortals.” _ It fltows in 
a ftrong light the falfity of all his declamations in favour 
of his fo much praifed natural religion and univerfal 
kindnefs and humanity. No man of the party writes 
with more perfuaiive energy, and, though his petulance 
and precipitant felf-conceit lead him frequently aftray, 

no mau has occafionally put all the arguments of tliefe 
philofophers in a clearer light ; yet we fee that all is 

falfe and hollow. He is a vile hypocrite, and the real 
aim of all his writings is to make money, by foftenng 
the fenfual propenfities of human nature, although he 
fees and feels that the completion of the plan of the 
German Union would be an event more deilrinStive and 

lamentable than any that can be pointed out in the an¬ 
nals of fuperftition. We will not fay that all the parti- 

fans of illumination are hogs of the fty of Epicurus like 
this wretch ; and it would be extremely unjuft to con- 
ftder bis vices as the effe£ts of his illumination. He 
was fenfual, ungrateful, and profane, before he was ad¬ 
mitted into the order of the Illuminati ; but bad the 
views of that order been fuch as were held out to the 
world at large, its fagacious founder would not have ini¬ 
tiated a wretch fo notorioufly profligate as Dr Bahrdt. 
Their views, however, being to govern mankind thro’ 
the medium of their fenfual appetites, and to reign in 

liell, rather than ferve in heaven, they could not have 
employed a better inftrument. Dr Bahrdt was a true 

tlifciple of illumination ; and though his torch was made 
of the coarfeft: materials, and ferved only to difcover 
fights of woe, the horrid glare darted into every corner, 
routing hundreds of filthy vermin, and direfting their 

flight to the rotten carrion, where they could beft de- 
pofite their poifon and their eggs. Whilft the more de¬ 
cent members of the Union laboured to pervert the re¬ 
fined part of mankind by declamations on the rights of 
man and the bleflings of liberty, Bahrdt addreffed him- 

felf to readers of all defcriptions, and aftailed at once the 
imagination and the appetites. He taught them, that 
religion is an impofture ; that morality is convenience ; 

and, with blafphemy peculiar to liimlelf, that be and 
his order, by their licentious doftrines, were to complete 

the plan and aim of J- C - . 
BAILLY (Jean-Sylvian), who made fuch a figure 

during the firft years of the French revolution, was born 
at Paris on the* 15th of September 1736, of a family 
which had been diftinguifhed painters during four fuc- 
ceffive generations. He was bred to the fame piofef- 
fion, but {bowed an early tafte for poetry and the belles 
lettres. Chancing, however, to become acquainted with 
the geometer La Caille, this circumstance decided his 
genius, and be thenceforth devoted himfelf to the culti¬ 
vation of fcience. He calculated the orbit of the co¬ 

met of 1759; and on the 29th of January 1763 was 
received into the Academy of Sciences. In that year 
he publifhed an ufeful and laborious compilation, being 
the reduction of the obfervations made by La Caille in 
1760 and 1761, on the zodiacal liars. He likewife be¬ 
gan to confider the theory of Jupiter’s fatellites, and, in 

the competition for this prize qneftion of 1764, had a 
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formidable rival in La Grange, who already promifed to 
become the firff mathematician in Europe. The re- 
fnits of hi3 inyeffigations were colle&ed into a treatife 
publiihed in *766, containing alfo the hiilory of that 
part of affronomy. In 1771 he gave a moll curious 
and important memoir 011 the light of the fatellites, and 

introduced a degree of accuracy till then unknown in 

the obfervations of their eclipfes. 
His ftudies were not confined to the abftrad fcieuces;^ 

for he cultivated letters with fuccefs. His eloges of 
Charles V. of Corneille, of Leibnitz, of Moliere, and 
afterward thofe of Cook, La Caille, and Greffet, were 
much admired. His eloquence pointed him out as a 
proper perfoii to fill the charge, vacant in 1771, of fe- 
cretary to the Academy of Sciences ; and, under the 
patronage of Buffon, he ffood candidate for that en¬ 
viable place. He failed : but it was the high, birth and 
pro mi ling talents of the young Condorcet, joined to the 
a&ive influence of D’Alembert, that carried the prize. 

In 1775 appeared the firft volume of the Hiilory of 
Affronomy, which indeed {trews the path of fcience 
with flowers, and in every refpeft is a moil valuable 
work—full of animated defeription, of luminous narra¬ 

tive, and intcreffing detail. His very peculiar ideas 
concerning the early ftate of Upper Afia gave rife to 
an ingenious correfpondence and difeuflion with the ve¬ 
teran philofophcr Voltaire, the fubilance of which foon 
appeared in two volumes, intitled, 44 Letters on the Ori¬ 
gin of Sciences,” and 44 Letters on the Atlantide of 
Plato.” If imagination fhone forth in thefe effays, eru¬ 

dition was no lefs confpicuous in a great work compo- 
fed in the years 1781 and 1782, on the fables and reli¬ 
gious creeds of antiquity ; which Hill exills in mauu- 
feript, and the publication of which would affuredly ex¬ 
tend the fame of its author, and gratify the learned 
world. His opinions on fome points happening to co¬ 
incide with the theories of Buffon, he contradled with 
that celebrated naturalift a clofe friendfhip, which was 
diffolved by B a illy’s tin courtly oppofition to the eleftion 
of the Abbe Maury into the Academic Frangaife. Of 
that academy he had been chofen fecretary in 1784; 
and he was admitted, in the following year, into the 
Academy of Infcriptions and Belles Lettres ; the only 
inftance, fince Fontenelle, of the fame perfon being at 
once a member of all the three academies. In the mean¬ 
time, the other volumes of the Hiilory of Affronomy 
fucce{lively appeared, and that capital work was com¬ 
pleted in 1787 by the Hiilory of the Indian and Orien¬ 
tal Affronomy ; a production of lingular acutenefs, re- 

fearch, and nice calculation. 
In 1784 he made an elegant report to the Academy 

of Sciences on the animal magnetifm of Mefmer; and 
in 1786 another report, which difplays the judgment 
and humanity of its author, on a projeft for a new 

hoteUdieu or infirmary. 
We now approach the eventful period wffuch fum- 

moned Bailly from his retirement, to enter on a politi¬ 

cal career, that was full of difficulty and danger, and 
for which his habits and ftudies appear not to have ficted 
him. He had feen, as others faw, the defefis of the old 
government of France. His heart panted for civil and 
ecclefiaftical liberty ; but unfortunately, like many other 
philofophers both in his own country and in this, he 
bad tor rued notions of that bleffing which experience 

fliould have taught him can never be reaiifed among be¬ 
ings 
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Bailly, mgs fo imperfect as the bulk of mankind. When the 
—v-ftates-general were fummoned to meet, he was on the 

26th of April 1789 nominated fecretary by the elec¬ 
tors of Paris, and then appointed one of the deputies. 
He was chofen prefident of the Tiers Etat; and when 
that chamber was conflituted the National Aflembly, 
he continued in the chair, and concurred in all the le¬ 
velling decrees which laid the foundation of the prefent 
mifery of his country, as well of moil other countries ot 

Europe. 
After the taking of the Baftile, when the king was 

removed to Paris on the 15th of July, Bailly was called 
by public acclamation to the head of that city, with 
the title of Mayor. In his feveral fun&ions he a&ed 
with integrity, courage, and moderation. He reached 
the fummit of glory :—but how mutable, alas ! is hu¬ 
man grandeur ! That middle courfe of conduCt, the 
aurea mediocritas, at which virtue aims, is fitted to pleafe 
neither of the contending parties in the midit of revolu¬ 

tions ; and fuch proved the ruin of Bailly. His po¬ 
pularity began to decline, and was at length changed 
into inveterate enmity by an unfortunate accident. On 
the 17th of July 1791, the populace having collected 
tumultuoufly to demand the abolition of monarchy, 

Bailly was ordered by the. National Aflembly to dif- 
perfe the mob. He was obliged to proceed to the 
Champ-de-Mars at the rifle of his life ; and, in fpite of 

all his exertions and forbearance, fome fhots were fired 
by the foldiery. It was no longer defirable to hold his 
perilous charge, and on the 16th of November follow¬ 
ing he give way to the afeending reputation of Petion. 
The impaired ftate of his health, too, rendered it expe¬ 
dient to retire from the focus of turbulence. He fpent 
the year 1792 and part of 1793 in travelling through 
different provinces of France. During this period he 
wrote memoirs of the events which he had witneffed, 

and in which he had often been a principal aCtor. Thefe 
come down only to the 2d of October 1789, but 
would make a large quarto volume ; and La Lande, 
from whofe Eloge de BatUy this article is taken, gives 
us hopes that the manufeript will be publiflied. He 

was advifed by his friends to withdraw from France, 
but he chofe rather, like Socrates, to fubmit to the in- 
juftice and ingratitude of his country. At the nod of 
a vulgar tyrant he was arrefted, fuminarily condemned 
by a fanguinary tribunal, and on the 15th of November 

*793 was delivered over to appeafe the vengeance of an 
incenfed and indiferiminate populace. His fufferings 
were ftudioufly protracted, but he bore them with the 

calmnefs and magnanimity of a fage. Nature recoils 
at the recital of fuch barbarities. 

In 1787 M. Bailly married the widow of one who 
had been during 25 years his intimate friend ; a wo¬ 
man more qualified by her age and condition to infpire 
refpedl than the paflion of love. He was 1 all in his 
perfon, of a ferious deportment, and joined firmnefs to 
fenfibility. Never did philofopher diftinguiffi himfelf in 
fo many different lines, nor acquire fuch deferved repu¬ 
tation in them all. His difintereftednefs was pure and 
unaffe&ed ; and during his magiffracy he fpent a part of 
his fortune in relieving the wants of the poor. His 
virtue remained as untainted in his various public fta- 
tions as in the fweet retirement of domeftic life. 

Such is the encomium pafied upon this philofopher 

and ftatefman by no lefs a man than the celebrated af- 
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tronomer M. de la Lande ; but to thofe who are not 

infe&ed with the mania of freedom, it will doubtlefs ap- gafjjam 
pear greatly exaggerated. That M. Bailly was a man 1__ 
of eminence in the republic of letters, is known to all 
the learned of Europe ; that in his political conduct he 

meant to promote the good of his country, it would 
certainly be prefumptuous in us to deny ; and that he 
fullered unjuftly, is incontrovertible : But let it be re¬ 
membered that he fuffered in a ftorm, which he exerted 
all his abilities to raife ; and that he fet an example of 
injuftice, when he concurred in the degradation of the 

privileged orders, and 111 the violent confifcation of the 

property of the church. 
BALIOL (John), the competitor with Bruce for 

the crown of Scotland, was not (as he is faid to have 
been in the Encyclopedia) the brother of King Alex¬ 

ander, but the great grandfon of David Earl of Hun¬ 

tington, third foil of King David I. 
BALLISTIC Pendulum, an ingenious machine 

invented by Benjamin Robins, for afeertaining the velo¬ 
city of military projectiles, and confequently the force 
of fired gunpowder. It conlifts of a large block of 
wood, annexed to the end of a ffrong iron Item, having 
a crofs ffeel axis at the other end, placed horizontally, 
about which the whole vibrates together like the pen¬ 

dulum of a clock. The machine being at reft, a piece Hutton's 

of ordnance is pointed llraight towards the wooden DicHoauty» 
block or ball of this pendulum, and then difeharged: 
the confequence is this —the ball difeharged from the 

gun ftrikes and enters the block, and caufes the pendu¬ 
lum to vibrate more or lefs according to the velocity of 
the projectile or the force of the blow ; and by obser¬ 
ving the extent of the vibration, the force of that blow 
becomes known, or the greateft velocity with which the 
block is moved out of its place, and confequently the 
velocity of the projectile itfelf which {truck the blow 

and urged the pendulum. 
BANKA (fee Banca, Encyd.) is noted throughout 

Afia for its tin mines. It lies oppofite to the river Pa- 
lambang, in the ifland of Sumatra, on which the fove- 
reign of Banka, pofleflbr alfo of the territory of Pain in- 

bang, keeps his conltant reiidence. This prince main¬ 
tains his authority over his own fubjeCts, and his inde¬ 
pendence of the neighbouring Sovereigns, chiefly by the 

afliftance of the Dutch, who have a Settlement and troops 
at Palambang, and enjoy the benefit of a contract with 
the king of Banka for the tin which his fubjeCts procure 
from that ifland. Such at lead was the cafe in 1793, 
when Lord Macartney touched at Banka on his way to 
China. At that period the fovereign compelled his Sub¬ 
jects, and probably does fo at preient, to deliver the tin 
to him at a low price, and fold it to the Dutch at a fmall 
advance, purfuant to his contract. Thofe miners, from 
long practice, have arrived at great perfection in redu¬ 
cing the ore into metal, employing wood as fuel in their V 
furnaces, and not fofiile coal, or coak, which is Seldom fo 

free from fulphur as not to affect the malleability of the 
metal. It is fometimes preferred therefore to European 
tin at the Canton market; and the profit upon it to the 
Dutch company was, at the period mentioned above, 
fuppofed to have long been not lefs than L. 150,000 a- 
year. Into whole hands this trade has now fallen we 
know not ; probably it is in a great degree negleCted. 

BANTAM, the capital of a kingdom of the fame 

name in the ifland of Java, is, in the Encyclopedia, find 
to* 
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to be a large town with a good harbour and fortified 
cattle Sir George Staunton, however, who vifitcd Ban¬ 

tam fince that article was publifhed, gives a very diffe¬ 
rent account both of the town and of its harbour. Once 

indeed it was a place of contiderable confequence, being 
the great mart for pepper and other fpices, whence they 
were diftributed to the reft of the world. The chief 

faXory of the Englith as well as Dutch Eatl India Com¬ 
pany was fettled there. The merchants of Arabia and 
Hindoftan reforted to it. Its fovereigns were fo defi- 
rous of encouraging trade, by giving fecurity to foreign 
merchants againft the violent and revengeful difpofition 
of the natives, that the crime of murder was never par¬ 
doned when committed againft a ftranger, but might be 
commuted by a foreigner for a fine to the relations of 
the deceafed. This place flourished for a confiderable 
time ; but the Dutch having conquered the neighbour¬ 
ing province of Jacatra, where they fince have built Ba¬ 
tavia, and transferred their principal bufinefs to it, and 
the Englifh having removed to Hindoftan and China, 

and trade in other refpeXs having taken a new courfe, 
Bantam was reduced to a poor remnant of its former 
opulence and importance. Other circumftances have 
accelerated its decline. The bay is fo choaked up with 

daily acceffions of new earth wafhed down from the 
mountains, as well as by coral fhoals extending a confi¬ 
derable way to the eaftward, that it is inaccefiible at 
prefent to veffels of burden ; even the party who went 
there from the Lion, the (hip which carried Lord Ma¬ 
cartney to China, was obliged to remove from her pin¬ 

nace into a canoe, in order to reach the town. With 
the trade of Bantam the power of its fovereign decli¬ 
ned. In his wars with other princes of Java he called 
in the affiftance of the Dutch ; and from that period 
he became in faX their captive. He refides in a palace 
built in the European flyle, with a fort garrifoned by 
a detachment from Batavia, of which the commander 

takes his orders not from the king of Bantam, but from 
a Dutch chief or governor, who lives in another fort 
adjoining the town, and nearer to the fea-ftde. His 
Bantamefe majefty is allowed, however, to maintain a 
body of native troops, and has feveral fmall armed vef¬ 
fels, by means of which he maintains authority over 
fome parts of the fouth of Sumatra. His fubjeXs arc 
obliged to fell to him all the pepper they raife in either 
ifland, at a low price, which he is under contrail with 
the Dutch to deliver to them at a fmall advance, and 

much under the marketable value of that commodity. 
The prefent king joins the fpiritual to the temporal 
power, and is high pried of the religion of Mahomet ; 
with which he mingles, indeed, fome of the rites and 
fuperftitions of the aboriginal inhabitants of Java ; ado¬ 

ring, for inftance, the great banyan, or Indian fig-tree, 
which is likewife held facred in Hindoftan, and under 
which religious riles might be conveniently performed ; 
in like manner, as all affairs of date are aXually tranf- 
aXed by the Bantamefe under feme5 fhadowing tree by 
moon-light. To complete the ruin of Bantam, a fire 
fome time ago deftroyed molt of the houfes, and few 
have been fince rebuilt. 

BANYAN-tree. See Ficus, EncycL 
British BARILLA, is the name given by Mr 

James King of Newcaftle upon Tyne, to a material in¬ 
vented by him to fupply the place of Spanifh barilla in 

the making of crown window-glafs, broad window-glafs, 

. ] BAR 
and glafs bottles, as alfo in the manufacturing of foap Barilla, 
and alum. For thefe purpofes lie affirmed that it an - Barthelemi. 

fwered much better than any other material then in 
ufe ; and in confequence of that affirmation he obtain¬ 

ed a patent for his invention, dated March 4. 178c. 
Though we can hardly allow to this invention all the 

merit claimed for it by its fond author, yet as it may be 
of ufe to different manufacturers, we ffiall lay before 
our readers bis method of making the Britifh barilla. 
It is as follows : “Take a certain quantity of allies ob¬ 
tained by burning the loppings or branches of alh, oak, 
beech, elm, alder, pr any other kind of green wood or 
bramble : Take an equal quantity of the afhes obtained 
by burning the green vegetables known by the name ot 
fern, brecon, bean and pea-ftraw, whins, common field 
and high-way thillles, the ftalks of rape or muftard- 
feed, or the bent or rufiies that grow by the rea-flicre.” 
Though we know not in what qualities the allies ob¬ 
tained from the former fubftances differ from tbofe ob¬ 
tained from the latter, the author, as if the difference 
was very great, direXs thefe equal quantities to be mix¬ 
ed together, fifted through a fine fieve, and laid upon a 

boarded floor, where a quantity of foapers wafte-alhes, 
equal to the whole compound mafs, is to be added to it, 
and well mixed with it by means of a Ihovel or other 
inftrumerit. To this mixture of vegetable alhes and 

foapers wafte-alhes is to be added a quantity of line 
quiek-lime, in the proportion of one hundred weight to 
twelve hundred of the blended alhes, and the lime and 
allies are to be well mixed together. After this the 
whole is to be put into an iron pan, into which is to be 
poured a quantity of fea-water fufficient, fays the au¬ 
thor, to diffolve the afhes and lime ; and the whole is 
to be ftirred with an iron rake till it incorporate. This 
being done, a coal fire is to be lighted up under the pan, 
and kept burning for two days and two nights without 
intermiffion, additional quantities of fea-water being 
conltantly fupplied to impregnate the materials with fa-- 
line matter fufficient for calcination in a reverberating 
furnace or calcar. In this calcar the faliue mafs, which 
was boiled in the pan, is by intenfe heat to be diffolvcd, 
and kept in a Hate of fufion for the fpace of an hour ; 
during which time the volatile part flies off, and leaves 
remaining a fixed alkaline fait, which, cooled in iron 
pans, is the Britilli barilla, and has the appearance of 

Spanifh barilla. ,Sce Barilla, EncycL 
BARTHELEMI (Jean Jacques), the Neftor of 

French literature, was a man fo eminent for his know¬ 
ledge of antiquities, that every claffical reader mult be 
interelled in his fate. He was born, we believe, at Pa¬ 
ris about the latter end of the year 1715 ; and being 
educated for the fervice of the church, he became prior 

of Cpurcay, keeper of the medals and antiques in the 
French king's cabinet, and in 1 747 was eleXed a mem¬ 
ber of the Academy of Infcriptions. Fro in that period 
his life was wholly devoted to letters ; and in recording 
the principal events of it, we can only enumerate, in 

their order, his various publications. 
A differtation of his on the river PaXolus was read 

1748 (Hijl. de P Acad. X. 29.) ; Reflexions on a Me¬ 
dal of Xerxes, King of Arfamata (Mem. de PAcad. 
XXXVII. 171.), found, or faid to be found, by Four- 

moiit in the temple of Apollo Anycleus (XXXIX. 
129.); Effay on Numifmatic Palaeography, lb. 223; 

Diffeitation on two Samaritan Medals of Antigonus 
King 
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lUrthe* King of Judea, lb, 257 ; Remarks or. fome Infcriptions 

publifhed by different authors, XLV. 99 ; Differtation 
on Arabic Coins, ib. 143 ; by which it appears that the 
Mohammedan princes copied the heads of Greek and 
Roman ones on their coins, and gave Arabic inferip- 

tions of their own names on the reverfe. On the An¬ 

cient Alphabet and Language of Palmyra, ib, 179 ; on 
the Ancient Monuments of Rome, the refult of a tour 

in Italy to colled! medals for the royal cabinet, to which 

he added 300, XLIX. 151 ; on fome Phoenician Mo¬ 
numents, and the Alphabets formed from them, LIII. 

23. The charadlers on the written mountains, which 
he here cites, have been proved of no value; and he il- 
luftrates the conformity between the Phoenician and 
the Egyptian characters from the latter on the banda¬ 

ges of the mummies. Explanation of the Mofaic Pave¬ 
ment of the Temple of Praenelle, ib. 149; of which there 

have been four engravings fince its firft difeovery in 1 650, 
and which Barthelemi refers to the voyage of Adrian 
into Egypt. It may be of that date, but there is no 
reafon to fuppofe that it reprefents any thing more than 

an Egyptian landfcape. The form.pf letters determines 
the date in the judgment of the learned Abbe. On 
the Relations of the Egyptian, Phoenician, and Greek 

Languages, LVI1. 383 ; on fome Medals publifhed by 
different authors, LIX. 270; Explanation of an In¬ 
scription under a Bas-relief in the Bifhop of Carpen- 

- tras’s Library, 1 767, ib. 365 ; on the Number of Pieces 
reprefented in one Day on the Theatre at Athens, 

LXXII. 286 ; three Comedies, as many Tragedies, a 
Satire, and a Petite Piece; Remarks on fome medals of 
the Emperor Antoninus (truck in Egypt, LXXX. 484. 
1775(A). 

His interpretation of the Phoenician infeription at 
Malta, LIII. 23, was controverted by our learned lin- 
guift, Mr Swinton, in Philof. Tranfadt. LIV. art. xxii. 
p. 119; in farther remarks, ib. art. lxx. p. 393. 

In 1792 he publifhed a differtation on an ancient 
Greek infeription, containing an account of expences of 

the public feafts under the archontate of Glaucippus, 
410 years before Chrift. 

The intimate acquaintance which he had cultivated 
with claffical antiquity, enabled him, in the clofe of a 
long life, to compofe that chef-d'oeuvre, the “ Travels 

of the Younger Anacharfis into Greece” in the mid¬ 
dle of the fourth century before the. vulgar era. In re- 
prefenting the curiofity of a Scythian favage (for we 
cannot confider in any other light the man who put 

mufic and the exceffes of the table on the fame level), 
he takes occafion to interweave very curious and initruc- 
tive details on the laws, religion, manners, cuftoms, and 
general fpirit, of a great nation, as well as its progrefs 
in arts and fciences. The epoch which he has chofen 
is that of letters and arts, combining the age of Pericles 
with that of Alexander, the revolution which changed 

the appearance of Greece, and foon after overturned the 

empire of Perfia. The introduction comprehends the 
1250 years elapfed from the age of Cecrops to the fup- 
pofed era of Anacharfis, in two intervals; the firft reach¬ 

ing to the commencement of the Olympiads, the fecond 
to the capture of Athens by the Lacedemonians. The 

Suppl. Vol. I. Parti. 

hiflory of the Athenians commences about ijo years Barthe* 
after the firft Olympiad, including the age of Solon, or iem‘* 

that of legiflation ; that of Themiflocles and Ariftides, ' 
or that of glory, of luxury, and arts. In the fecond, 

fpeaking of war, his obfervation, that “ the example of 
one* nation, that prefers death to flavery, is too import¬ 

ant and too inftru&ive to be palled iri filcnce,” fhould 

have preferved him from the-horrors of a long confine¬ 

ment in an advanced age, from which he was delivered 
only to die. But arts, fciences, and literature, are alike 
forgotten and overwhelmed in France. In the third 

interval, fpeaking of the corruption of manners intro¬ 
duced by Pericles to fupport his power, he has this ob¬ 
fervation, applicable to every flate : “ Corrupted mo¬ 

rals are not reftored but by the lofs of liberty, which 
brings that poverty inconfittent with foftnefs, and infe- 
parable from abflemioufnefs, if not that rigid principle 
of a healthy mind, which is properly called virtueIn 

this period, though the arts were encouraged, philofo- 
phy was negle&ed. 

In this diverfilied undertaking, where the pi&ure of 

ancient Greece, in its minuted parts, both of public and 
private ufe, is brought before our eyes, the Abbe is fre¬ 
quently more brilliant than folid, and occafionally lofes 

the fubftance of a reflection in purfuit of fomething in¬ 

genious to add to it. The plans, views, and maps, 
are executed with great fpirit and accuracy by Mr Bar¬ 
ber, a young man of very promifing talents ; and to the 

charts many ufeful tables are added. The beauties of 
the clafiics are diffufed in a very pleafing manner, and 
interfperfed with anecdotes little known. 

Such was the man whom the French government 
detained in prifon for months, and releafed on the fall 

of Robefpierre. As lie concurred in the revolution, we 

know of no caufe for his imprifonment but the mildnefs 
of his difpofition, and the jealoufy of that tyrant, which 
purfued, with relentlefs cruelty, every man fufpeCted of 

being a friend to peace. Of the perfection of Barthe¬ 
lemi, in the extremity of old age, the convention itfelf 
feemed to be afhamed ; for it unanimoufly voted him a 

pen lion : s fome recompence for his fufferings. But, alas! 
the recompence came too late : the old man lived but 
a few months after his liberation, having died at Paris 
on the 4th of May 1795 $ and the day after the fol¬ 

lowing tribute was paid to his memory by Dufiaulx, in 
the national convention : 

** Legiflators, your liberality conferred honour on tile 
latter days of the life of our refpeCtable fellow citizen, 
Barthelemi. Our fucceflors, I have no doubt, will 
confecrate his memory fo foon as the period fixed by 
the law fhall permit them. May his old friend, how¬ 
ever, be permitted, in a few words, to point out the rare 
qualities of that Ncftor of French literature ? It might, 
perhaps, be futficient to tell you, as Xenophon faid with 

fo much fimplicity of one of his moil illuftrious con¬ 
temporaries, that Barthelemi was an excellent man in 
all refpeCts. In faCt, thofe who knew him were at a 

lofs which to admire mofl—his immortal Anacharfis, 
or his own life. His policy confifted in goodnefs ; his 
feience was an immenfe treafure of every thing that 
could purify the morals, perfeCt the tafte, render man 

I more 

<*) The references here are to the duodecimo edition of the Memoirs of the Academy of Infcriptions. 
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Bartheleroi more dear to man, and contribute to the fp^dour of 
. • r-rtnntrv A fingle trait will convince you ot the 

hU pi»L.l»oPic mind, • Wl,y i. « 
; (be often laid) to a mortal to bequeath prof- 
Sy to h a feHo'v-creaturesi’ After ha.t.g been over- 

S£ed with the favours of fonu.e, . W ««,« »- 

66 1 » A T 
ears, or at leaft the external part of four <ars, each 
ear being double; tlie outer fold, which ferves as 
a covering to the inner, is very ample, being two inches 

eight lines high, and nearly as broad when ftretched 
out On the nofe alfo a membrane Hands ereft, one 

inch four lines in height, which might be taken for an- 
• i _£11_* 1-. ^ At nnp /xr nrip. I Ills 

B-itavii, 

wneimeu w.un the favours of fortune, wh cl a3 it ha3 exactly the Ihape of one. This 

expe&edly and unfought, he became poo. . Yrt membrane, as well as the ears and wings of the animal, 
!after, far from finking under the preffur * ft f rufty re(], paler below than above. The body 
new refpeft; and he proved that poverty, fupported w th three inches long, and is covered with very fine 

dignity, is not lefs honourable than wealth accomp J h ; Its width, from the tip of one wing to 

tL be’nevolence. Perfected, “ S3''of Me other, is eight inches. The reader will par- 
lightened citizens were, he carried with dfr> doll me, fays our author, for inferting thefe trifling de- 
gcon of that tyranny which you have fo g n of me[furement, of which I am not more fond than 
ftroyed, the conftancy and feremty of Socrates. U\ but tlley appeared to me neceffary here, to 
there that the venerable old man offered to is c p ’ _thp extraordinary length of there that the veneraoie oiu vnv r A 
..ions in misfortune the magnificent fp^ck of a goo 
man flruggling with adverfity. I have find that he was 
rich ; but letSus not forget that he was not rich at the 
expense of the unfortunate, and that he adopted all t 
branches of his numerous family. ^ rePubhc has 

gained by that family good citizens, who ferve her in 

The moft ufeful and brilliant manner. Barthelemi felt 
that the period of his diffolution was approaching; yet 

though «h,«a«i by long *"J bv"J.;g beneath 
the weight of 8o years, his feniib.hty was ft.ll vigorous, 
and your iuft decrees made the doling feene of his life 
happy. When he heard that you were endeavouring to 

repair the ills under which fo many thoufand innocent 

men laboured, he lifted up his hands to heaven, and 
exclaimed, • Glory to God-honour to the national 

convention—I have lived long enough! I" the pre 

fent pofture of affairs, the country demands all youi at 
1 .p T n .11 confine mvfelf to requef 

himieit j Dill nicy . i r 
convey an acetate idea of the extraordinary length ot 

the ears of this animal, which are certainly larger in pro¬ 
portion than thofe of any other we are acquainted with, 

fince they are only four lines, or the third part of an 

inch, (horter than the body itfelf. 
BATAVIA., j.]ie capital of the Dutch fettlements 

in the Eaft Indies,has been already deferibed under the 

article Java in the Encyclopaedia. The following ac¬ 

count of it, however, as well as of the country around 
it, and the manners and cuftoms of its various inhabi¬ 

tants, as they prefented tbemfelves to Sir George Staun¬ 

ton in March 1793. will probably prove acceptable to 

many of our readers. 
The city of Batavia, including the fuburbs, conhits 

of near eight thoufand houfes, inhabited by Dutch* 

Chinefe, and natives of Java. The houfes ofthe Chi- 

nefe are low, and crammed with people. The Dutch 
re of affairs, the country demands ^1 your at- j^are^ ^ md fpacious> and their con 

tention. I lhall therefore ZSoTteti* moft part’well failed to the climate, 

the favour due to the manes o ur refpec. The doors and windows are wide and lofty. Ihe 
mi. One of his nephews, I do not mean your p fl covered with flags of marble, which 

table ambaffador at Bafle, but the.citizen Courcey,Jia S ° ^ «Xd frequently with w*ater, give a pleafant 
for 25 years, difeharged all the duties of a fon to his bemgT^ ^ but a confiderable proper- 

uncle, and for a long time has per own national tion of thofe was untenanted, which denoted a declining 
of keeper of the medals and antiquities of fettlement Among other circumftances which announ- 
cabinet I move, that the citizen Courcey be appoint- wer/thofe of the Company’s veffels lying 
ed to that office, which he has already proved himfelf ced thc^fame, we^ ^ ^ Qf cargoe3 t0 fill, or men 

fo worthy to fill.” . . , f A t nav:„.ate them; no (hips of war to proteft their com- 
Whatever became of this motion, which was r g . • ratea wbo attacked their veffels 

to the committee of public inftruftior, the cnidty of ? t of Batavia road ; an invafioa 
the government purfued the family ; and the late ba , r ,i . . iKp nlare in no con- 

S hv the dire&ory, of which he SifrfJKte nephew by the dtefiory, of which he 
was a member, furpaffes, if poffible, the mjuft.ee o 
Robefpierre to the uncle. But their crimes were the 
fame: both Barthelemis were men of mild difpofitions 

and friends to peace. 
BARYTES, one of the earths.. See Chemistry 

in this Supplement, Part I. Chap. iv. , 
BASTER, the name given by the Dutch at the 

Cape of Good Hope to the offspring of a white man 

and Hottentot woman. , , ., . , . 
BAT, an animal which has been deferibed under its 

generic name Vespirtillio in the Encycl. but hnce 

that article was written, we have met with an account 
of a new fpecies, fo very Angular, that, if the veracity 

of our author can be depended on, it is well mtitled 
- . * r_:— ilff/'nvprpri in the 

iometimes in tne ngnu ui . 
threatened from the Ifle of France ; the place m 1.0 con¬ 

dition of defence, particularly againft an enemy lets at- 
fefted by the climate than Europeans ; fometimes as 
many of the troops in hofpitals as fit for duty ; com- 
miffioners expefted from Holland to reform abuies. 
Such a commiffion, implying a general fufpicion, could 

not be welcome ; nor was it quite certain whether, in 

fome minds, its arrival, or that of the enemy, was depre¬ 

cated the moft cordially. , c , 
The fortifications of Batavia, though a place ot lo 

much importance, were not, when Sir George faw 

them, filch as would be deemed formidable m Europe ; 

but when the difficulties were confidered of forcing 

the paffage of the river, or of landing troops on other 
parts of the ifland, it might perhaps be thought ot 

of our author can be depended on, it is well mut ed grt. ot ^ .uanu, ^^ t£e firft view have 

to a place here.. This fpecies was ^covered m the grea^ of the river were the water 

country of the Nimiquas, in the interior ’ jJ f fituated at its entrance, having mounted or dif- 
M. Vaillant, during the courfe of Ins ^ond traveis, fort^h^ and two howitzers. It con- 

£ °f»ollsi“al,? weU t 
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by a wall; but the parapet was much ncgleAed, and 
the wall nearly deftroyed by the conftant working of 
the fea. This fort was prote&ed on the land fide by 
a noxious fwamp, and towards the fea, on the north- 

weft, by extenfive fiats, over which even boats could 
not pafs. The only good approach was that by the 

channel, which it fees and defends. The next work 
upon the river was on the weft ftiore, about a quarter 

of a mile from the water fort. It is a battery mount¬ 
ing feven guns, bearing down the river. Oppoffte to 

this was a battery of fix guns, facing the river, and two 
to the e aft ward. This formed one flank of a line that 

occupied the low land to the north-eaft of the town. 
The line was a low breaft-work of earth, that was 
fcarcely difcoverable. The canals which interfed the 
town joined the great canal or river, at the diftance of 

half a mile from the entrance. Below the jun&ion a 

boom was laid of wood, armed with iron fpikes. A 
little above was the caftle, a regular fquare fort, but 
without ravelins or other outworks. It had two guns 
mounted on each flank, and two, or fometimes three, on 
each face : they were not en barbette, nor properly en 
embrafure, but in a fituation between both, having both 
their difadvantages without the advantage of either. 

The wall was of mafonry, about 24 feet high. It had 
no ditch, but a canal furrounded it at fome diftance. It 
had no cordon. The length of the exterior fide of the 

work was about 700 feet. The town is redangular, 
three quarters of a mile long, and half a mite broad, 
inclofed by a wall of about 20 feet in height. Small pro¬ 
jections were conftru&ed, of various forms, at intervals of 
about 350feet, Thefe generallymountedthree guns each. 

It was alfo furrounded by a canal, having feveral fluices. 

At fiiort diftances from the town, three or four fmall 
fta'r forts of earth were ere&ed in particular paffes, per¬ 
haps for defence againft the inhabitants of the ifland. 

The eftablifhment of regular troops was 1200 Euro¬ 
peans, of whom 300 were to be artillery, the reft infan¬ 

try. „ But as it was found impofiible, on account of the 
climate, to keep the number complete, recourfe was had 

to the natives, of whom 500 were employed ; fo that 
the eftablifhment of European regulars was reduced to 

700. There were alfo 300 volunteers of the town, who 
were formed into two companies, but they were not 
difeiplined. Their regulars were very numerous, con¬ 
fiding of enrolled natives of Java, who were never em¬ 
bodied, and of Chinefe, of whom the Dutch were fo jea¬ 

lous as to arm them with lances only. Much depen¬ 
dence was not to be placed on the exertions of either 
of thefe bodies in favour of the Dutch ; and as they 
lofe many of their European troops every year, their 
eftablifhment appeared too fmall for any effectual re- 
fiftance. The chief protection of their ill-manned vef- 
fels lying here, muft be from the fortified ifland of On- 
ruft, well fituated to command the channel that affords 

the principal paffage into the road. The work upon 
that ifland was of a pentagonal form ; its baftions were 
fmall and low, not more than 12 feet the higheft, and 
not always connected by curtains. A few batteries 
were lately.conftruCted on the outfide of this work, that 

bore towards the fea. On thefe and on the baftions 
about 40 guns were mounted in different directions. 
South of thefe was another ifland, at the diftance of a 
few hundred yards, on which two batteries, mounting 

together 12 guns, had been lately ereCted. 

The caftle is built of coral rock, brought from fome 
of the adjoining iflands, compofed of that material ; and 

has the advantage of a fortification of brick, in which 
cannonball is apt to bury itfelf without fpreading fplin- 

ters or {battering the wall. A part of the town wall is 

built of lava, which is ot a dark blue colour, of a very 

hard denfe texture, emits a metallic found, and refem- 

bles very much fome of the lava of Vefuvius. It is 
brought from the mountains in the centre of Java, where 

a crater is ftill fmokfng. No ftone of any kind is to be 

found for many miles behind the city of Batavia. Mar¬ 
ble and granite are brought thither from China, in vef- 

fels belonging to that country, commonly called junks, 
which generally fail for Batavia from the ports of the 

provinces of Canton and Fokien, on the fouthern and 
fouth-eaft coafts of that empire, laden chiefly with tea, 

porcelain, and filks. 
The chief protection of Batavia againft the attacks 

of a foreign enemy, arifes from the havoc which it is 

well known the climate would make amongft Euro¬ 

pean troops. This was acknowledged to Lord Ma¬ 
cartney by fome of the Dutch officers themfelves, and 

even by one of the counfellors of the Indies. Such in¬ 
deed is the climate, that there have been very few ex¬ 
amples of ftrangers remaining long in Batavia without 

being attacked by fever, which is the general denomina¬ 
tion in that place for illnefs of every kind. Europeans 
foon after their arrival firft become languid and feeble, 

and in a few weeks, or even in a few days, are taken fe- 
rioufly ill. The diforder at firft is commonly a tertian 

ague, which after two or three paroxyfms becomes a 
double tertian, and then a continued remittent, that fre¬ 

quently carries off the patient in a fliort time. Many 
fall victims to the fecond or third fit; but in thefe cafes 

a conftant delirium, and a great determination of the 
blood to the brain, accompany the other fymptoms. In 
fome it begins in a quotidian form, with regular inter- 

miffions for a day or two ; and then becomes a continued 
remittent, attended with the fame fatal confequences as 
the former. Of the Europeans of all claffes who come 
to fettle at Batavia, it is fuppofed that not half the num¬ 

ber always furvives the year. The place refembles in 
that refpeCt a field of battle or a town befieged, The 
frequency of deaths renders familiar the mention of them, 

and little figns are (hewn of emotion or lurprife on hear¬ 
ing that the companion of yefterday is to-day no more. 
It is probable, female Europeans fuffer lefs at Batavia 
than the men. The former feldoin expofe themfelves to 
the heat of the fun, make frequent ufe of the cold bath, 
and live more temperately than the other fex. 

But it is not to thofe who have lately arrived from 
Europe that this havoc is wholly confined. The great- 
eft number of the Dutch fettlers, even thofe who had 
refided long in the country, appeared wan, weak, and 
languid, as if labouring with the “ difeafe of death.” 

Their place of relidence, indeed, is fituated in the midft 
of fwamps and ftagnated pools, from whence they are 
every morning faluted with “ a congregation of foul 

and peftilential vapours,” whenever the lea breeze fets 
in, and blows over this morafs. The meridian fun raifes 
from the {hallow and muddy canals, with which the 

town is interfered, deleterious miafmata into the air ; 
and the trees, with which the quays and ftreets are 
crowded, emit noxious exhalations in the night. 

The general reputation of the unhealthinefs of Bata- 
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via is indeed fuch as to deter even Dutchmen, who can 
refide at home with any comfort, from coming to it, 
notwithftanding the temptation of fortunes to be quick¬ 

ly amaffed in it. From this circumftance it happens, 

that offices and profeffions are often neceffanly entrust¬ 
ed to perfons little qualified to fill them. One of the 
clergymen, and the principal phyfician of the place, 

were both faid to have originally been barbers. I he Uni¬ 
ted Provinces furniih even few military recruits. The 

reft are chiefly Germans, many of whom are faid to have 
been kidnapped into the fervice. Though nominally 

permitted, after a certain length of time, to return 
home, they are in fa& compelled to enlift for a longer 
time, the pay being too fcanty to allow them to fave 
enough to defray the expence of their paffage to Eu¬ 
rope. The government is accufed of the barbarous po¬ 

licy of intercepting all correfpondence between tliofe 

people and their mother country; by which means they 
are deprived of the confolation of hearing from their 

friends, as-well as of the chance of receiving fuch af- 

fiftance as might enable them to get home. 
Difficult, however, as it is, on account of the cli¬ 

mate, to recruit the army, fuch is the defire of accumu¬ 
lating wealth in a foreign land, that it draws annually 
great numbers of Chmefe as well as of Dutch to Bata¬ 
ta. Both indeed belong generally to the humbler claf- 

fes of life, and are bred in fimilar habits of induftry in 
their own country; but the different circumftances that 

attend them after their arrival in Batavia put an end to 

any further refemblance between them. The Chinefe 
have there no way of getting forward but by the conti¬ 
nuance of their former exertions in a place where they 

are more liberally rewarded, and by a ftrift economy 

in the prefervation of their gains. They have no chance 
of advancing by favour, nor are public offices open to 

their ambition ; but they apply to every induftrious oc¬ 
cupation, and obtain whatever either care or labour can 

accompliffi. They become in town retailers, clerks, 

apd agents; in the country they are farmers, and are 
the principal cultivators of the fugar cane. They do 

at length acquire fortunes, which they value by the 
time and labour required to earn them. So gradual an 
acquifition makes no change in their difpofition or 

mode of life. Their induftry is not diminished, nor 
their health impaired. The Dutch, on the contrary, 
who are fent out by the Company to adminifter their 

affairs in Afia, become foon fenfible that they have the 
power, wealth, and poffeffions of the country at their 

difpofal. They who furvive mount quickly into offices 

that are lucrative, and not to them laborious. They 
rife to the dignity of governor-general and counfellors of 

the Indies, as the members of the Batavian govern¬ 
ment are called. Their influence likewife enables them 

to fpeculate in trade with vaft advantage. The drud¬ 
gery and detail of buiinefs are readily undertaken by 
the Chinefe ; while their principals find it difficult, un¬ 
der fuch new circumftances, to retain their former ha¬ 

bits, or to refill a propenfity to indolence and volnptu- 
oufnefs, though often attended with the facrifice of 

health, if not of life. Convivial pleafilres, among others, 

are frequently carried to excefs. 
In feveral lioufes of note throughout the fettlement, 

the table is fpread in the morning at an early hour : 
befide tea, coffee, and chocolate, fifli and flefh are ferved 

for breakfaft; which is no fooner over than Madeira, 
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claret, gin, Dutch fmall beer, and Englifh porter, are 

laid out in the portico before the door of the great hall, 
and pipes and tobacco prefented to every gueft, and a 
bright brafs jar placed before him to receive the phlegm 

which the tobacco frequently draws forth. This oc¬ 
cupation continues fometimes with little interruption till 
near dinner time, which is about one o’clock in the af¬ 

ternoon. It is not very uncommon for one man to drink 

a bottle of wine in this manner before dinner; and thofe 
who have a predilection for the liquor of their own 

country fwallow feveral bottles of Dutch fmall beer, 

which they are told dilutes their blood, and affords 
plenty of fluids for a free perfpiration. Immediately 

before dinner, two men flaves go round with Madeira 
wine, of which each of the company takes a bumper as 

a tonic or vvhetter of the appetite. Then follow three 
females, one with a filver jar containing water, fome¬ 

times rofe-water, to wafh ; a fecond with a filver bafon 
and low cover of the fame metal, pierced with holes, to 

receive the water after being ufed ; and the third with 
towels for wiping the hands. During dinner a band of 
mufic plays at a little dillance : the muficians are all 

flaves, and pains are taken to inllruct them. A.coufi- 
derable number of female flaves attend at table, which 
is covered with a great variety of difhes ; but little is 

received, except liquors, into llomachs already cloyed. 

Coffee immediately follows dinner. The 24 hours are 
here divided, as to the manner of living, into two days 

and two nights; for each perfon retires, foon after 
drinking coffee, to a bed, which confllls of a mattrafs,, 
bollter, pillow, and chintz counterpane, but no fheets ; 

and puts on his night drefs, or muflin cap and loofe 
long cotton gown. If a bachelor, which is the cafe of 
much the greateft number, a female flave attends to fan 

him while he fleeps. About fix they rife, drefs, drink 
tea, take an airing in their carriages, and form parties to 
fpend the evening together to a late hour. T. he morn¬ 

ing meetings confift generally of men, the ladies feldom 

choofmg to appear till evening. 
Few of thefe are natives of Europe, but many are 

defeended from Dutch fettlers here, and are educated 
with fome care. The features and outlines of their 
faces are European ; but the complexion, charadter, 

and mode of life, approach more to thofe of the native 
inhabitants of Java. A pale languor overfpreads the 
countenance, and not the lead tint of rofe is ietn in any 
cheek. White in their own houfes they drefs like their 

flaves, with a long red checkered cotton gown defeend- 
ing to the ankles, with large wide fleeves. They wear 
no head-drefs, but plait their hair, and fallen it with a 

filver bodkin 011 the top of the head, like the country 

girls in feveral cantons of Switzerland. The colour of 
their hair is aim oil univerfally black ; they anoint it 

with the oil of the cocoa nut, and adorn it with chap¬ 
lets of flowers. When they go. abroad to pay vifits, 
or to take an airing ill their carriages, and particularly 
when they go to their evening parties, they drefs mag¬ 

nificently, in gold and filver fpanglcd muflin robs, with 
a profufion of jewels in their hair, which, however, is 
worn without powder. They never attempt to mould 

or regulate the fhape by any fancied idea of elegance, 
or any flandard of fafhion ; and confequently formed a 
ftriking contrail with fuch few ladies as were lately ar¬ 
rived from Holland, who had powdered hair and fair 

comnlexions, had contracted their wailts with flays. 
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wore large head-dreffcs and hoops, and pcrfevered in the 
early care of forcing back the elbows, chin, and fhoul- 
ders. Every native lady is conftantly attended by a fe¬ 
male flave handfomely habited, who, as foon as her mi- 

ftrefs is feated, fits at her feet before her, on the floor, 
holding in her hands her miftrefs’s gold or filver box, 
divided into compartments, to contain areca nut, carda¬ 
mom feeds, pepper, tobacco, and flacked lime ; all 

which, mixed together in due proportions, and rolled 
within a leaf of betel, conflitute a mafticatory of a ve¬ 
ry pungent tafle, and in general ufe. When in the 

public aflemblies the ladies find the heat difagreeable, 
they retire to free themfelves from their coftly but in¬ 
convenient habits, and return without ceremony in a 

more light and loofe attire, when they are fcarcely re¬ 
cognizable by ftrangers. The gentlemen follow the ex¬ 

ample ; and throwing off their heavy and formal drefies, 
appear in white jackets, fometimes indeed adorned with 
diamond buttons. The elderly gentlemen quit their 

periwigs for nightcaps. Except in thefe moments the 
members of this government have always combined their 
perfonal gratification with the eaftern Policy of ftriking 
awe into vulgar minds, by the aflumption of exterior 
and exclufive diftinllions. They alone, for inftance, 
appear abroad in crimfon velvet. Their carriages are 
diftinguifhed by peculiar ornaments. When met by 

others, the latter mufl flop and pay homage to the for¬ 
mer. One of the gates of the city is opened only to 
let them pafs. They certainly fucceed in fupporting 
abfolute fway over a vail fuperiority in number of the 
defendants of the original inhabitants of the country, 

as well as of the flaves imported into it, and of the Chi- 
nefe attracted to it by the hope of gain ; thofe clafles, 
though healthy, a&ive, and as if quite at home, readily 
obeying a few emaciated Europeans. Such is the con- 
fequence of dominion once acquired; the prevalence of 
the mind over mere bodily exertions, and the effell of 
the combination of power againft divided ftrength. 

The native Javanefe are in general too remote from 
civilization to have any wants that are not ealily fatis- 
fied in a warm and fertile climate. No attempt is made 
to enflave their perfons; and they find the government 
of the Dutch lefs vexatious than that of others, who 
divide fome fhare of the fovereignty of the iflarid with 
them. The fultan of Mataran rules to the eaft, the em¬ 

peror of Java in the centre, and the king of Bantam to 
the weft ; while the coaft and effe&ive power almoft 
entirely belong to Holland. Thofe other fovereigns 
are defended from foreigners alfo ; being Arabians, 
who imported the Mahometan religion into Java, and 
acquired the dominion of the country ; a few inhabi¬ 
tants in the mountains excepted, who have preferved 
their independence and their faith, and among other ar¬ 
ticles that of the tranfmigration of fouls. According 

to the Dutch accounts, nothing can be more tyrannic 
than thofe Mahometan rulers. The Emperor is faid to 

maintain his authority by an army of many thoufand 
men difperfed throughout his territories, befide a nume¬ 

rous female guard about his perfon. Thefe military la¬ 
dies are trained, it feems, to arms, without negleding 
thofe accomplifliments which may occafion a change in 
the occupation of fome among them, rendering them 
the companions, inftead of being the attendants, of his 
Imperial majefty. This ftngular inftitution may owe 

its origin to the facility of obtaining recruits, if it be 

true, as the fame accounts pretend, that the number of 

female births exceeds very confiderably that of males in 
Java. 

Moft of the flaves are imported into it from Celebes 
and other eaftern iflands. They do not form a corps, 
or have any bond of union : nor is the general conduct 

of their owners towards them calculated to aggravate 
the misfortune of being the property of others. They 

are not forced to exceffive labour. They have fufticient 
fuftenance ; but many of the males among them, who 

had formerly perhaps led an independent life till made 
captives in their wars, have been found to take offence 
againft their mafters upon very flight occaflons, and to 
wreak their vengeance by affaflination. The apprehen- 
flon of fuch an event is among the motives for prefer¬ 
ring at Batavia female flaves for every ufe to which they 

can be applied ; lo that the number purchafed of them 

much exceeds that of the other fex. The flaves when 
determined on revenge often fwallow, for the purpofe of 
acquiring artificial courage, an extraordinary dofe of 

opium, and foon becoming frantic as well as defperate, 
not only flab the objells of their hate, but fally forth 
to attack in like manner every perfon they meet, till 

felf-prefervation renders it neceflary to dellroy them. 
They are faid in that date to be running a much; and 

inliances of it are not more common among flaves than 
among free natives of the country, who, in the anguifli 
for lofing their money, effe&s, and fometimes their fa¬ 

milies, at gaming, to which they are violently addi&ed, 
or under the prefTure of fome other paflion or misfor¬ 
tune, have recourfe to the fame remedy, with the fame 
fatal effedls. 

In the country round Batavia the eye looks in vain 

for the common animals and vegetables which it had 
been daily accuftomed to meet in Europe. The mod 

familiar bird about the houfe of the ambafiador’s hofl 
was the crown bird, as it was called at Batavia, which 
was not, however, the ardea pavonina of Linnaeus, but 
the columha crijlata, having nothing except its creft in 
common with the former. The fame gentleman had al¬ 
fo at his country-houfe fome large caffowary birds, 

which, though long in his pofieffion, and having the ap¬ 
pearance of tamenefs, fometimes betrayed the fierceneU 
of their nature, attacking with their ftrong bill thofe 

who approached too near them. The vegetation of 
the country is likewife new. Even the parterres in the 
gardens are bordered, inftead of boxwood, by the Ara¬ 
bian jeflamine, of which the fragrant flowers adorn the 
pagodas of Hindoftan. The Dutch, who are fo fond 
of gardens in Holland, have transferred that tafte, where 
it can certainly be cultivated with more fuccefs, and in¬ 
dulge it to a great extent at their boufes a little way 
from the city of Batavia ; b,ut ft ill within that fenny 

dill rill, concerning which an intelligent gentleman up¬ 
on the foot ufed the ftrong expreffion, that the air was 
peftilential and the water poifonous. Yet the country 

is everywhere fo verdant, gay, and fertile ; it is inter- 
fperfed with fuch magnificent houfes, gardens, avenues, 
canals, and draw-bridges ; and is fo formed in every re- 

fped to pleafe, could health be preferved in it—that a 
youth coming juft from fca, and enraptured with the 
beauty of every objell he faw around him, but mindful 
of the danger there to life, could not help exclaiming, 

“what an excellent habitation it would be for immortals!** 

The moft tolerable feafon here, is from March or A- 
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Satavia. prjt to November ; when the rains begin, and lafl the 

1—v—reft of the year. The fea breeze fets in about ten 
o’clock in the morning, and continues till four or five 
in the afternoon. It becomes then calm till feven or 
eight, when the land breeze commences, and continues 

at intervals till day-break, followed by a calm for the 
remaining hours of the 24. Fahrenheit’s thermometer 
was, in Batavia road, during the Lion’s remaining there, 

from 86° to 88°, and in the town from 88° to 920; but 
its variations by no means correfponded to the fenfa- 
tions produced by the heat on the human frame •, the 
latter being tempered by any motion of the air, which 
circumftance has little effe# upon the thermometer. 

Nor are the animal fufferings here from heat to be mea- 
fured by its intenfenefs at any given moment of the 
day, but by its perlifting through the night ; when, in- 
ftead of dinrunifhing, as it does in colder countries, fome- 
times 20 degrees, it keeps generally here within four or 

five of what it attains in the fhade, when the fun is at 

its higheft elevation. 
The native Javanefe derive, however, one advantage 

at leall from an atmofphere not fubje# to the viciffi- 
tudes of temperature experienced in the northern parts 
of Europe, where difeafes of the teeth are chiefly pre¬ 
valent ; as they are here entirely exempt from fuch com¬ 
plaints. Their habit of living chiefly on vegetable food, 
and of abftaining from fermented liquors, no doubt 
contributes to this exemption ; yet fuch is the caprice 

of tafte, that jet black is the favourite colour and ftan- 
dard of beauty for the teeth amongft them, comparing 
to monkeys thofe who keep them of the natural colour. 
They accordingly take care to paint, of the deepeft 

black, all their teeth, except the two middle ones, which 
they cover with gold leaf. Whenever the paint or gild¬ 

ing is worn off, they are as attentive to replace it on the 
proper teeth, as the belles of Europe are to purify and 

whiten tfyeirs. 
We have mentioned the rich vegetation of the coun¬ 

try and the gardens which the Dutch have planted. In 

thefe gardens or orchards they cultivate the nutmeg, 
the clove, the camphor, and the cinnamon trees, toge¬ 
ther with the pepper plant, which, creeping like a vine, 

is fupported on a living tree. It is a fpecies of the 
pepper plant that affords the leaf called betel, chewed fo 
univerfally by the fouthern Afiatics, and ferving for the 
inclofure of a few flices or bits of the areca, from thence 

erroneoully called the betel nut. The areca nut tree is 
among the fmalleft of the tribe of palms, but comes 

next in beauty to the mountain cabbage tree of the Weft 
Indies, the latter differing chiefly in its fize and amazing 
height from the areca nut tree, the diameter of whofe 
jointed trunk feldom exceeds four inches, or height 12 

feet. But the fymmetry of each is perfect ; the columns 
of a temple cannot be more regular than the trunk, 
which rifes without a branch, while the broad and 
fpreading leaves which crown the top form the orna¬ 
mented capital. The areca nut, when dried, has fome 
fimilitude in form and tafte to the common nutmeg, but 

is of a lefs fize. 
It would have been very extraordinary, and very cul¬ 

pable, in Sir George Staunton, and Dr Gillan phyfician 
to the embaffy, if they had not, when on the fpot, in¬ 
quired into the truth of Foerfch’s account of the upas 

or poifon tree of Java (fee Poison Tree of fava, En- 

cycl.) But the moft minute inquiries were made re- 

fpe#ing it ; and the refnlt of them was, that no fuch Batav a, 
tree is known at Batavia, and certainly does not exift £5eer* 
where Foerfch has planted it. It is indeed a common 'r~mm 
opinion at Batavia, that there exifts in that country a 
vegetable poifon, which, rubbed on the daggers of the 
Javanefe, renders the flighteft wounds incurable; though 

fome European pra#itioners have of late afferted that 
they had cured perfons ftabbed by thofe weapons, but 
not without having taken the precaution of keeping the 
wound long open, and procuring a fuppuration.. One 
of the keepers of the medical garden at Batavia affured 
Dr Gillan, that a tree diftilling a poifonous juice was in 
that colle#ion, but that its qualities were kept fecret 

from moft people in the fettlement, left the knowledge 
of them fhould find its way to the Haves, who might be 
tempted to make an ill ufe of it. In the fame medical 

garden, containing it feems hurtful as well as grateful 
fubftances, is found alfo the plant from whence is made 
the celebrated gout remedy, or moxa of Japan, men¬ 

tioned in the works of Sir William Temple, and de- 
feribed in the Encyclopaedia under the titles of Arte¬ 

misia and Moxa. 

The whole country abounds with efculent fruits, and, 
amouft others, with the mangofteen, which is ripe in 
March, and is confidered as the moft delicious of all 

fruits (fee Garcinia, JSncycL) Pine apples are in Ja¬ 
va planted not in gardens, but in large fields ; and are 
carried like turneps in heaps upon carts to market, and 
fold for confiderably lefs than a penny each, where mo¬ 
ney is cheaper than in England. It was a common 

pra#ice to clean fwords, or other inftruments of fteel 
or iron, by running them through pine apples, as con¬ 
taining the ftrongeft and cheapeft acid for diffolving the 
ruft that covered them. Sugar fold for about five-pence 
a pound. All forts of provifions were cheap, and the 

fhips crews fed on frefh meat every day. 
The ferpents and noxious reptiles in Java have been 

mentioned elfewhere ; but Sir George Staunton affures 

us, that not many accidents happen from them. Among 
the pagan Javanefe, the crocodile, he fays, is an obje# 
not only of fear, but alfo of religious veneration, to 

which offerings are made as to a deity. When a Java¬ 
nefe feels himfelf difeafed, he will fumetimes build a 

kind of coop, and fill it with fuch eatables as he thinks 
moft agreeable to the crocodiles. He places the coop 
upon the bank of the river or canal, in the perfect con¬ 

fidence that, by the means of fuch offerings, he will get 
rid of his complaints ; and perfuaded, that if any per- 
fon could prove fo wicked as to.take away thofe viands, 
fuch perfon would draw upon himfelf the malady for 
the cure of which the offering was made. According 

to Sir George Staunton, Batavia road lies in 6J io' fouth 

lat. and io6Q 51' eaft long, from Greenwich. 
BEER is a liquor fo palatable to the natives of Bri¬ 

tain, and, when properly made, fo wholefome, efpecially 
in long voyages at fea, that Mr Thornton of Eaft 
Smithfieid obtained a patent, dated April 15. 1778, 
for inventing a method of reducing malt and hops to an 

effence or extra#, from which beer may be made any¬ 
where, either at fea or in diftant countries. Though 
we do not perceive any great degree of ingenuity dif- 
played in this invention, yet as the account of it is 
fhort, we fhall lay it before our readers. 

His method then of preparing an effence or extra# 

of malt and hops is, by the tranfmitted heat of com- 
preffed 
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Beetle, preffed vapour of boiling water, and a proper apparatus 

1 for that purpofe. This apparatus may be made ot iron, 
tin, or copper : it confifts of a boiler of any dimenfions, 

a double veffel, and conducing tubes. The double vef¬ 
fel confifts of one veffel placed within another, and fitted 
tight at their rims. The upper veffel forms the upper 
part of the under veffel, and contains the liquor to be 
evaporated. The under veffel is everywhere inclofed 
except at an aperture communicating with the boiler, 

and at another aperture communicating with the con¬ 

ducing tubes ; and is conftruded fo as not to allow 
any part of the vapour condenfed into drops within it 
to efcape, except back again into the boiler : it is not 
fo extenfive as to ad as a common refrigeratory, and 

yet is capacious enough to prevent the liquor boiling 
over. The aperture communicating with the boiler is 

large enough to freely admit the vapour from the boiler 
into the under veffel; and the aperture communicating 
with the conduCing tubes is of a proper fize to allow 
of the vapour in the under veffel being compreffed, to 

a degree capable of tranfmitting to the liquor to be 
evaporated a proper heat, and at the fame time to ferve 
as a paffage for more heat than is neceffary to keep up 
that degree of compreffion. The conduCing tubes are 
to convey this fuperfluous heat or vapour, to be ufed 

for farther purpofes, or immediately out of the build- 

ing. 
BEETLE, an infeC defcribed in the Encyclopaedia 

under the name given to it by naturalifts, Scarab^eus. 

Since that aticle was publifhed, we have met with an 
account of a nondefcript fpecies, which is furnifhed 

with very Angular armour for its own defence. It was 
brought to M. Vaillant in the interior parts of Africa 
by a Nimiqua woman, and is by him called a fuperb 

beetle, not to be found in any cabinet of Europe. 
“ While I was examining this beautiful infeC (fays he) 
with attention, I felt my face fuddenly wetted by a cauf- 
tic liquor, of a very ftrong alkaline fmell. The fprink- 
ling was accompanied by a fort of explofion, loud enough 
to be heard at fome diflance. Unfortunately fome of 
the liquor entered one of my eyes, and occafioned fuch 
infupportable pain, that I thought I fhould have loft 
the fight of it. I was obliged to keep it covered for 
feveral days, and bathe it from time to time with milk. 
In every part of my face that the alkaline liquor had 

touched, I felt the pain of a burn; and everywhere the 
{kin changed to a deep brown, which wore out only by 
degrees and a long time after. This will not be furpri- 
fing to many, who already are acquainted with the fame 
property in feveral infeCs of the fame genus ; for in- 
ftance, in that beautiful golden green bupreftis, which 
is fo common in our kitchen gardens in Europe : but 
as the infeC of which I. am here fpeaking is much lar¬ 
ger, and inhabits a very hot country, it is natural that 
the effeC produced by it (hould be more ftriking ; tho* 

the liquor which our golden bupreftis ejeCs at its enemy 
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oecafions a very fenfible fmart, and its fmell is confider- 

ably pungent.” 
The naturalifts Dorci and Olivier have given, in their 

Entomology, the figure of this African infeC, which 
our author communicated to them, but they have given 
it erroneoufly. The human face, obfervable on its an¬ 

terior corcelet in their figure, does not exift in nature ; 

but M. Vaillant having given no figure of it himfelf, 

we cannot gratify our readers with a correC reprefen- 

tation. 
BEG AH, aland meafure in Bengal, about one-third 

of an Englifh acre. 
BEHADER ( Valiant), a title of honour conferred 

by the Mogul emperors upon either Mahomedans or 
Hindoos, and placed after their name or other title. 

BEHEM (Martin), though hitherto little talked of, 
was one of the moft enterprifing men that ever lived, 

and deferves to have his name tranfmitted with reve¬ 
rence to the lateft pofterity. Born at Nuremberg, an 

Imperial city in the circle of Franconia, of a noble fa¬ 
mily not yet extinC, he had the beft education which 

the darknefs of that age would permit him to have ; 
and the ftudies to which from his infancy he was moft 
addiCed, were thofe of geography, aftronomy, and na-v 

vigation. As he advanced in life, he often thought of 
the exiftence of the antipodes and of a weftern conti¬ 

nent, of which he was ambitious to make the difco- 

very. 
Filled with this great idea, in 1459 he paid a vifit 

to Ifabelln, daughter of John I. king of Portugal, at 

that time regent of the duchy of Burgundy and Flan¬ 

ders ; and having informed her of his defigns, he pro¬ 
cured a veflel, in which, failing weftwa.rd, he was the firft 
European who is known to have landed 011 the ifiand of 
Fayal. He there eftabliftied in 1460 a colony of Fle¬ 
mings, whofe defendants yet exift in the Azores, which 
were for fome time called the Flemifh Iflands. This cir- 
cumftance is proved, not only by the writings of con¬ 
temporary authors, but alfo by the manufcripts prefer- 
ved in the records of Nuremberg ; from the Latin of 
which the following is tranflated : “Martin Behcm ten¬ 
dered his fervices to the daughter of John king of Lu- 
fitania, who reigned after the death of Philip of Bur¬ 

gundy, furnamed the Good; and from her procured a 

{hip, by means of which, having failed beyond all the 
then known limits of the Weftern Ocean, he was the 
firft who in the memory of man difcovered the ifland of 
Fayal, abounding with beech trees, which the people of 
Lufitania call faye; whence it derived its name. Af¬ 
ter this he difcovered the neighbouring iflands, called 
by one general name the Azores, from the multitude of 
hawks which build their nefts there (for the Lufitanians 

ufe this term for hawks, and the French too ufe the 
word ejfos or efores in their purfuit of this game) ; and 
left colonies of the Flemifh on them, when they began 

to be. called Flemifh Iflands (a).n 

After 

Begah 

II 
Behem. 

(a) Although this record is contrary to the generally received opinion, that the Azores were difcovered by 
Gonfalva Velho, a Portuguefe, yet its authenticity feems unqueftionable. It is confirmed not only by feveral 
contemporary writers, and by Wagenfeil, one of the moft learned men of the laft century, but likewife by a note 
written on parchment in the German language, and fent from Nuremberg, a few years ago, to M. Otto, who was 
then inveftigating the difeovey of America., The note contained, with other things, the following fads: “ Mar- 
tin Beham, Efq; fon of Mr Martin Beham of Scoperin, lived in the reign of John II. king of Portugal, in act 

ifiand which he difcovered, and called the ifland of Fayal, one of the Azores, lying in the Weftern Ocean,. 
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After having obtained from the regent a grant of 

Fayal, and refided there about twenty years, Behem 

applied in 1484 (eight years before Columbus’s expe¬ 
dition) to John IL king of Portugal, to procure the 
means of undertaking a great expedition towards the 

fouth-weft. This prince gave him fome (hips, with 
which he difcovercd that part of America which is now 

called Brazil ; and he even failed to the Straits of Ma- 
n-ellan, or to the country of fome favage tribes whom 
he called Patagonians, from the extremities of their bo¬ 

dies being covered with a fkin more like a bear’s paws 

than human hands and feet. 
A fa£t fo little known, and apparently fo derogatory 

to the fame of Columbus, ought not to be admitted 

without iulFicient proof; but the proofs which have 
been urged in fupport of its authenticity are fuch as 
cannot be controverted. They are not only the letters 

of Behem liimfelf, written in i486, and preferved in 

the archives of Nuremberg, but likewife the public re¬ 

cords of that city ; in which we read that “ Martin 
Behem, traverfing the Atlantic Ocean for feveral years, 
examined the American iflands, and difcovcred the (trait 

which bears the name of Magellan before either Chrif* 
topher Columbus or Magellan failed thofe Teas; whence 
he mathematically delineated, on a geographical chart, 

for the king of Lufitania, the lituation of the coaft a- 
round every part of that famous and renowned (trait 
long before Magellan thought of his expedition.’’ 

This wonderful difcovery has not efcaped the notice 
of contemporary writers. The following paflage is 

tranflated from the Latin chronicle of Hartman Schedl: 

“ In the year 1485, John II. king of Portugal, a man 
of a magnanimous fpirit, furnifhed fome galleys with 
provifions, and fent them to the fouthward, beyond the 
Straits of Gibraltar. He gave the command of this 
fquadron to James Canus, a Portuguefe, and Martin 
Behem, a German of Nuremberg in Upper Germany, 

defcended of the family of Bonna : a man very well ac¬ 
quainted with the fituation of the globe ; blefled with 
a conftitution able to bear the fatigues of the fea ; and 

who, by adlual experiments and long failing, had made 
himfelf perfe&ly mailer with regard to the longitudes 

and latitudes of Ptolemy in the weft. Thefe two, by 
the bounty of Heaven, coafting along the Southern 
Ocean, and having crofted the equator, got into the 
other hemifphere, where, facing to the eaftward, their 

(hadovvs projected towards the fouth and right hand. 
Thus, by their induftry, they have opened to us'ano- 

ther world hitherto unknown, and for many years at¬ 
tempted by none but the Genoefe, and by them in vain. 
Having finiftied this cruize in the fpace of 26 months, 

they returned to Portugal with the lofs of many of their 

feamen by the violence of the climate.” 
Befides this evidence of the firft difcovery of America 

having been made by Behem, we find the following 
particulars in the remarks made by Petrus Mateus on 
the canon law, two years before the expedition of Co¬ 

lumbus ; c< Prinue tiavigationes, &c. The firft Chriftian 
voyages to the newly difcovcred iflands became frequent 
under the reign of Henry, fon of John, king of Lufi¬ 
tania. After his death Alphonfus V. profecuted the 

" defign ; and John, who fucceeded him, followed the 
plan of Alphonfus, by the afiiftance of Martin Behem, 
a very (kilful navigator; fo that in a (hort time the name 

of Lufitania became famous over the whole world.” 

Cellarius, cue of the mod learned men of his age, fays Behem. 

exprefsly, “ Behaimeus non modo, &c. Boehm did not — 
think it enough'to furvey the ifland of Fayal, which he 
firft difcpvered, or the other adjacent iflands which the 

Lnfitanians call Azores, and we, after the example of 
Bcehm’s companions, call Flemljh iflands, but advanced 

dill farther and farther fouth, until he arrived at the re- 
mot eft ftrait, through which Ferdinand Magellan, fol¬ 

lowing his track, afterwards failed, and called it after 

Iris own name.” 
All thefe quotations, which cannot be thought te¬ 

dious, fince they ferve to prove a fa£l almoft unknown, 
feem to demonftrate, that the firft difcovery of America 

is due to the Portuguefe and not to the Spaniards; and 
that the chief merit belongs to a German aftronomer. 

The expedition of Ferdinand Magellan, which did not 

take place before the year 1519, arofe from the follow¬ 
ing fortunate circumftance : This perfon, being in the 
apartment of the king of Portugal, faw there a chart of 
the coaft of America drawn by Behem, and at once 
conceived the bold project of following the fteps of this 
great navigator. Jerome Benzon, who publi(hed a de- 

feription of America' in 1550, fpeaks of this chart ; a 

copy of which, fent by Behem himfelf, is preferved in 
the archives of Nuremberg. The celebrated aftronomer 

Riccioli, though an Italian, yet docs not feem willing 
to give his countryman the honour of this important 

difcovery. In his Geographia Reformata, book iii. p. 90. 
he fays, “ Chriftopher.Columbus never thought of an 

expedition to the Weft Indies until his arrival in the 

ifland of Madeira, where, amufing himfelf in forming 
and delineating geographical charts, he obtained infor¬ 
mation from Martin Boehm, or, as the Spaniards fay, 

from Alphonfus Sanches de Huelva, a pilot, who had 
chanced to fall in with the ifland afterwards called Do¬ 
minica.” And in another place : “ Let Boehm and 

Columbus have each their praife ; they were both ex¬ 

cellent navigators ; but Columbus would never have 
thought of his expedition to America, had not Boehm 

gone there before him. His name is not fo much cele¬ 
brated as that of Columbus, Americus, or Magellan, 

although he is fuperior to them all.” 
That Behem rendered fome very important fervices 

to the crown of Portugal, is put beyond all controverfy 
by the recompence beftovved on him by King John ; of 
which the following account has been given to the pub¬ 

lic from the archives of Nuremberg. “ In the year 1485, 

on the 18th of Feb. in Portugal, in the city of Allafa- 
vas, and in the church of St Salvador, after the mafs, 
Martin Behem of Nuremberg was made a knight, by 

the hands of the mod puiflant Lord John II. king of 
Portugal, Algarve, Africa, and Guinea ; and his chief 

fquirc was the king himfelf, who put the fword in his 
belt; and the Duke of Begia wras his fecond fquire, 
who put on his right fpur ; and his third fquire was 
Count Chriftopher de Mela, the king’s coufin, who put 

on his left fpur; and his fourth fquire was Count Mar¬ 
tini Marbarinis, who put on his iron helmet; and the 
king himfelf gave him the blow on the fhoulder, which 
was done in the prefeuce of all the princes, lords, and 
knights of the kingdom ; and he efpoufed the daughter 

of a great lord, in confideration of the important fer- 
vices he had performed ; and he was made governor of 

the ifland of Fayal.” 
Thefe marks of diftin&ion, conferred on a ftranger, 

could 
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B^hem. could not be meant as a recompence for the difeovery of 

' the Azores, which was made twenty years before, but 
as a reward for the difeovery of Congo, from whence 
the Chevalier Behem had brought gold and different 
kinds of precious wares. This difeovery made much 
greater imprefiion than that of a weftern world made 
at the fame time, but which neither increafed the wealth 
of the royal treafury, nor fatished the avarice of the 
merchants. 

In 1492 the Chevalier Behem, crowned with honours 
and riches, undertook a journey to Nuremberg, to vifit 
his native country and liis family. He there made a 

terreftrial globe, which is looked on as a maflerpiece for 
that time, and which is ftill preferved in the library of 
that city. The outline of his difeoveries .may there be 
feen, under the name of weftern lands; and from their 
fituation it cannot be doubted that they are the prefent 
coafts of Brazil, and the environs of the Straits of Ma¬ 

gellan. This globe was made in the fame year that Co¬ 
lumbus fet out on his expedition ; therefore it is im- 
pofiible that Behem could have profited by the works 
of that navigator, who befides went a much more north¬ 
erly courfe. 

After having performed feveral other interefting voy¬ 
ages, the Chevalier Behem died at Lifbon in July 1506, 
regretted by every one, but leaving behind him no other 
work than the globe and chart which we have juft been 
fpeaking of. The globe is made from the writings of 
Ptolemy, Pliny, Strabo, and efpecially from the account 
of Mark Paul the Venetian, a celebrated traveller of 
the 13th century ; and of John Mandeville, an Englifh- 
man, who, about the middle of the 14th century, pub- 
lifhed an account of a journey of 33 years in Africa and 

Afia. He has alfo added the important difeoveries made 
by himfclf on the coafts of Africa and America. 

From thefe circumftantial accounts, but very lately 
brought to light, there can be little doubt, we think, 
but that America was discovered by Martin Behem. 
Dr Robertfon is indeed of a different opinion : but 

great as we willingly acknowledge his authority to be, 
we may differ from him without preemption, Since he 
had it not in his power to confult the German docu¬ 
ments to which we have appealed, and has himfelf ad¬ 
vanced fads not eafily to be reconciled to his own opi¬ 

nion. He allows that Behem was very intimate with 
Chriftopher Columbus ; that he was the greateft geo¬ 
grapher of his time, and fcholar of the celebrated John 

Midler, or Regiomontanus ; that he had difeovered, in 
1483, the kingdom of Congo, upon the coaft of Afri¬ 
ca ; that he made a globe which Magellan made ufe of; 
that he drew, a map at .Nuremberg, containing the par’ 
ticulars of his difeoveries ; and that he placed in this 
chart land which is found to be in the latitude of 
Guiana. He adds indeed, without proof, that this land 
was a fabulous iftand ; but if authentic records are to 
give place to bare affertion, there is an end of all hifto- 
rical evidence. If Behem took for an iflaqd the firft 
land which he difeovered, it was a miftake furely not fo 
grofs as to furnifti grounds for queftkming liis veracity, 
or for withholding from him for ever that juftice which 
has been fo long delayed. 

But this very delay will by fome be thought a power- 
Suppl. Vol. I. Part I. 
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ful obje&ion to the truth of Behem’s claim to the dif¬ 

eovery of America ; for if it was* really difeovered by ^ 
him, why did not he leave behind him fome writing to 
confirm the difeovery to himfelf? and why did not the 

court of Portugal, fo jealous of the difeovery of the 
new world, proteil againft the exclufive claim of the 
Spaniards ? 

Po thefe objections we may reply, that, however 
plaufible they may at firft appear, they do not in the 
final left degiee invalidate the pofitive evidence which 

w.e have urged for the Chevalier Behem’s being the real 
difeoverer of the new world ; for it would furely be 

very abfurd to oppofe the difficulty cf affigning motives for 
certain a&ions performed at a remote period, to the rea¬ 
lity of other n&ions for which we have the teflimony of 

a cloud of contemporary witneffes. Suppofing it were 
true, therefore, that Behem had left behind him uo wri¬ 
ting claiming to himfelf the difeovery of any part of 
the continent of America, the only inference which 
could be drawn from hisfilence would be, either that lie 
was a man of great modefty, or that his mind was in¬ 
tent only on. the acquifition of knowledge to himfelf, 

without feeling the ufual impulfe to communicate that 

knowledge to others. Btit it is not true that he has 
left behind him no claim of this difeovery to himfelf. 
The letters to which we have appealed, and which are 
prefei ved in the archives of Nuremberg, together with 

the globe and map, which lie certainly made, furnlfh as 

complete a confirmation of his claim as could have been 
furnilhed by the moll elegant account of his voyages. 

r°r the filence of the Portuguefe, many reafons 
might be affigned. The difeoveries of Columbus were 
made fo much farther north than tliofe of Behem, that, 

in an age when geographical knowledge was fo very 11- 
mited, both Spaniards and Portuguefe might very na¬ 
turally believe that the country difeovered by the for- 

mer of thefe navigators had no connection with that 
difeovered by the latter. At any rate, the Portuguefe, 

whofe difeoveries proceeded from avarice, were fatisfied 
with feraping together gold wherever they could find 

it; and finding it in Africa, they thought not of fearcli- 
ing for it in a more diftant region, till the fuccefs of the 
Spaniards fhewed them their miftake. 

One thing more is worthy of attention. The long 

ftay of Columbus at Madeira makes liis interview with 
Behem more than probable. It is impolfible that lie 
Ihould have negle&ed feeing a man fo interefling, and 
who could give him every kind of information for the 
execution of the plan which lie had formed. The ma¬ 
riners who accompanied the Chevalier Behem might 
alfo have fpread reports at Madeira and the Azores 
concerning the difeovery of which they had been wit- 

neires. What ought to confirm us in this is, that Ma¬ 
nana fays himfelf (book xxvi. chap, in.), that a certain 
velTel going to Africa, was thrown by a gale of wind 

upon certain unknown lands; and that the failors at 
their return to Madeira had communicated to Chrifto- 
pher Columbus the circumftances of their voyage. All 
authors agree that this learned man had fome informa- 
tion refpecting the weftern lliores ; but they foeak in 

a very vague manner. The expedition of the Chevalier 
Behem explains the myftery (b). 

K bereans, 

Behem. 
mJ 

(b) For the greater part of this memoir we are indebted to M. Otto’s paper on the difeovery of America, 

publifhed 
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BEREANS, in ancient church hiftory, the inhabi- therefore he entertains no 

tants of Berea. They are highly commended in Scrip¬ 
ture for their ready reception of the gofpel, upon a fair 
and impartial examination of its agreement with the Old 
Teftament prophecies. Sopater, a Berean, attended the 

apoftle Taul to Afia. Ads xvii. 10—13. and xx. 4. 
Bereans, in modern church hiftory, a fed of Pro- 

teftantdiffenters from the church of Scotland, who 

take their title from, and profefsto follow, the example 
of the ancient Bereans, in building their fyftem of faith 
and pradice upon the Scriptures alone, without regard 

to any human authority whatever. # 
The Bereans agree with the great majority of Chrii- 

tians, both Proteflants and Catholics, refpeding the 

E R 
LIIVIVJV/1V „„ „... doubts either of his faith* or Bereans. 

his confequent falvation through the merits of Chrift, L v ■ 
who died and rofe again for that purpofe. In a word, 
they argue, that the Gofpel would not be what it is 
held forth to be, “ glad tidings of great joy,” if it did 
not bring full perfonal affurance of eternal falvation to 
the believer : which affurance, they infill, “ is the pre- 
fent infallible privilege and portion of every individual 
believer of the Gofpel.” Thefe definitions of faith, and 
its infeparable concomitant affurance, they prove bv a 

variety of texts, which our room permits us not to 

quote. 
3. Confidently with the above definition of faith, 

they fay, that the fin againft the Holy Ghoft, which 
tians. both Proteitants and uatnoiics, reipecxmg ,. ' • ' , • 
doarine of the Trinity, which they hold as a fundamen- has alarmed and puzzled fo many in all ages, is nothing 
tal article of the Chriftian faith ; and they alfo agree in elfe but unbehef; and that the expreffion, that it (hall 
a great meafure with the prafejed principles of both our not be forgiven, neither in tins world vox that which is 
elfabhLd churches refpeding predeftination and elec- to come,” means only, that a perfon dying in infidelity 

t ion though they allege that thefe doarines are not con- wonfd not be forgiven neither under the former difpen- 

fiftently taught in either church. But they differ from fat.on by Mofes (the then prefent difpei.fat.on, kingdom, 
the majority of all feas of Chriftians in various other or government of God), nor under the Gofpel difpen- 
important particulars. Such as, fatiou, which, in refped of the Mofaic, was a kind of 

* Refpeaing our knowledge of the Deity. Upon future world or kingdom to come 

this' fubjed, they fay that the majority of profelfed 4. The Bereans interpret a great part of the Old 
Teftament prophecies, and in particular the whole of 

the Pfalms, excepting fuch as are merely hiftorical or 
laudatory, to be typical or prophetical of Jefus Chrift, 
his fufferings, atonement, mediation, and kingdom: and 
they efteem it a grofs perverfion of thefe Pfalms and 
prophecies to apply them to the experiences of private 

Chriftians. In proof of this, they not only urge the 
words of the apoftle, that “no prophecy is of any pri¬ 
vate interpretation,” but they infift that the whole of 
the quotations from the ancient prophecies in the New 
Teftament, and particularly thofe from the. Pfalms, are 

exprefsly applied to Chrift. In this opinion many other 

claffes of Proteftants agree with them. 
5. Of the abfolute all-fuperintending fovereignty of 

the Almighty, the Bereans entertain the higheft ideas, 
as well as of the uninterrupted exertion thereof over 
all works in heaven, earth, and hell, however unfearch- 

able by his creatures. “ A God without election (they 
argue), or choice in all his works, is a god without ex¬ 
igence_a mere idol—a non-entity. And to deny God’s; 
election, purpofe, and exprefs will in all his works, is 
to make him inferior to ourfelves.” For farther parti- 

Chriftians ftumble at the very threfliold of revelation ; 
and, by admitting the doarine of natural religion, na¬ 

tural confcience, natural notices, &c not founded upon 
revelation, or derived from it by tradition, they give up 
the caufe of Chriftianity at once to the infidels ; who 

may juftly argue, as Mr Paine in fad does in his Age 
of Reafon, that there is no occafion for any revelation 
or word of God, if man can difcover his nature and per- 

fedions from his works alone. But this, the Bereans 
argue, is beyond the natural powers of human reafon ; 
and therefore our knowledge'of God is from revelation 
alone; and that without revelation man would never have 

entertained an idea of his exiftence. 
2. With regard to faith in Chrift, and affurance ot 

falvation through his merits, they differ from almoft all 

other feds whatfoever. Thefe they reckon mfeparalle, 

or rather the fame ; becaufe, they argue, God hath ex¬ 
prefsly declared, “ He that believeth Ihall be laved ; 
and therefore it is not only abfurd, but impious, and in 
a manner calling God a liar, for a man to fay, I be- 

lieve the Gofpel, but have doubts neverthelefs of my own 
foWntinn ” With regard to the various diftindions and ^ ....— „* c 
SfiniHons that have8 been given of different kinds of culars refpeding the Berean dodr.nes, we mull refer 

fakMhey a^gue, that “ thfre is nothing incomprehen- the reader to the works of Meffrs Barclay, N.col, 

ScnPtur°ebfCbut to human ^The Bereans firft affembled as a feparate fociety of Origin,, 

teftimonv fifcnifies neither more nor lefs than the mere Chriftians in the city of Edinburgh in autumn 1773, 

fimule beliefSof that teftimony as true, upon the autho- and foon after in the parilh of Fettercairn. Teoppo- 
ritvPof the teftifier: fo, when applied to the teftimony nents of the Berean dodnnes allege, that this new 
nty ot tne leuiu , , V ,. r _n.:_ -- fyftem of faith would never have been heard of, had not 

Mr Barclay, the founder of it, been difappointed of a 
fettlement in the church of Scotland. A refpedtable 
clergyman of the eftablifhed church has even hinted 

fomething to this purpofe in Sir John Sinclair’s Statiff 

tical Account, Vol. IX. p. 599- But the Bereans, in 
anfwer to this charge, appeal not only to Mr Barclay’s 

do&rine. 

of God, it fignifies precifely the belief of his teftimony, 
and refting upon his veracity alone, without any kind 
of collateral fupport from concurrence of any other evi¬ 
dence or teftimony whatever.” And they infift, that 
as this faith is the gift of God alone, fo the perfon to 
whom it is given is as confcious of poffeffmg it, as the 

being to whom God gives life is of being alive ; and 

publilhed firft in the fecond volume of the American Tranfadions, and afterwards by Nicholfon in N° II. 

III. of W® Journal. 

and 
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Bereans do&rine, uniformly preached in the church of Fetter- 

u—v-'cairn, and many other places in that neighbourhood, 
for fourteen years before that benefice became vacant ; 
but like wife to two different treatifes, containing the 
fame do&rines, publiihed by him about ten or twelve 
years before that period. They admit, indeed, that, 

previous to May 1773, when the general affembly, by 
fuflaining the king's presentation in favour of Mr Foote, 
excluded Mr Barclay from Succeeding to the church of 
Fettercairn (notwithftanding the almoft unanimous de¬ 

fire of the parifhioners), the Bereans had not left the 
ellablifhed church, or attempted to eredt themfelves in¬ 
to a diflind Society ; but they add, that this was by 
no means neceffary on their part, until by the affembly’s 
decifion they were in danger of being not only deprived 

of his inftrudlions, but of being Scattered as fheep with¬ 
out a fhepherd. And they add, that it was Mr Bar¬ 
clay's open and public avowal, both from the pulpit 
and the prefs, of thofe peculiar Sentiments which now 
diftinguifh the Bereans, that was the firft and principal, 
if not the only, caufe of the oppofition fet on foot 

againft his Settlement in Fettercairn. 

Pra<5tice. Having thus given a concife view of the origin and 
diftinguiftiing dodlrines of Bereanifm, it only remains to 
mention a few particulars relative to the pradlice of the 
Bereans as a Chriftian Society. Infant baptifm they 
confider as a divine ordinance inflituted in the room of 
circumcifion ; and they think it abfurd to fuppofe that 
infants, who all agree are admifiible to the kingdom of 
God in heaven, fhould neverthelefs be incapable of be¬ 
ing admitted into His vifible church on earth. They 
commemorate the Lord's fupper in general once a- 
month ; but as the words of the inftitution fix no par¬ 

ticular period, they Sometimes celebrate it oftener, and 
Sometimes at more diftant periods, as may Suit their ge¬ 
neral convenience. I11 obferving this ordinance, they 
follow the primitive apoftolic plan, without any previous 
days of falling or preparation ; as they apprehend that 
Such human inllitutions only terid to make an idol of 
the ordinance, and to lead people to entertain erroneous 
ideas of its Superior Solemnity and importance. Equal 
and univerfal holinefs in all manner of conversation, they 
recommend at all times, as well as at the tajfte of the 
Lord. They meet every Lord's day for the purpofe 
of preaching, praying, and exhortation to love and good 
works. With regard to the admilfion and exclufion of 
members, their method is very fimple. When any perfon, 
after hearing the Berean dodtrines, profeffes his belief 
and affurance of the truths of the Gofpel, and defires to 
be admitted into their communion, he is cheerfully re¬ 
ceived upon his profefiion, whatever may have been his 
former manner of life. But if Such an one Ihould after¬ 
wards draw back from his good profefiion orpradlice, 
they firft admonifh him ; and if that has no effedt, they 
leave him to himfelf. They do not think that they 
have any power to deliver up a backfliding brother to 
Satan. That text and other Similar paffages, Such as, 
“ Whatfoever ye Shall bind on earth Shall be bound in 
heaven," &c. they confider as reftridfced to the apollles 
and to the infpired tellimony alone, and not to be ex¬ 
tended to any church on earth, or any number of 
churches or of Clirillians, whether deciding by a majo¬ 

rity of votes or by unanimous voices. Neither do they 
think themfelves authorised, as a Chriftian church, to 
enquire into each others political opinions, any more 

than to examine into each others notions of philofophy, Bereans, 

They both recommend and pra&ife, as Chriftian duties, Berken- 

fubmifiion to lawful authority ; but they do not think 
that a man, by becoming a Chriftian, or joining their 
Society, is under any obligation, by the rules of the 
Gofpel, to renounce his rights of private judgment up¬ 

on matters of public or private importance. LTpon all 
Such fubjedls they allow each other to think and adl as 
each may fed it his duty. And they require nothing 
more of their members than a uniform and Heady pro- 
feflion of the apoftolic faith, and a Suitable walk and con- 
veriation. With regard to feet-wafhing and the like 

pradices, which Some other feds of Chriftians confider 
as duties, the Bereans are of opinion that they are by 
no means obligatory. They argue, that the example 
given by our Saviour of wafhing the feet of his difciples 
was not an inftitution of an ordinance, but merely a fa¬ 
miliar inftance, taken from the cuftom of the country, 

and adopted by our Lord on that occafion, to teach his 
followers that they ought at all times to be ready to 

perform even the meanell offices of kindnefs to each 
other. 

It may not be improper to add to the above delinea-pre^ent 
tion of the principles and pradice of the Bereans, that^ate’ 
their dodrine has found converts in various places of 
Scotland, England, and America ; and that they have 
congregations in Edinburgh, Glafgow, Paifley, Stirling, 

Crieff, Dundee, Arbroath, Montrofe, Fettercairn, A- 
berdeen, and other towns in Scotland ; as well as in 
London and various places in England ; not to add 
Pennsylvania, the Carolinas, and other States in Ame¬ 
rica. 

The above account of the dodrines, origin, pradice, 
and prefent ftate of this Society, has been given to us 
by the founder himfelf. 

BERKENHOUT (Dr John), was about the year 
1730 born at Leeds in Yorkfhire, and educated at the 
grammar-fehool in that town, His father, who was a 
merchant, and a native of Holland, intended him for 
trade; and with that view Sent him at an early age to 

Germany, in order to learn foreign languages. After 
continuing a few years in that country, he made the 

tour of Europe in company with one or more Englifh 
noblemen. On their return to Germany they vilited 
Berlin, where Mr Berkenhout met with a near relation 
of his father’s, the Baron de Bielfeldt, a nobleman then 
in high eftimation with Frederick the Great king of Pruf- 
fia; diftinguiihed as one of the founders of the Royal A- 
cademy of Sciences at Berlin, and univerfally known as 
a politician and a man of letters. With this relation 
our young traveller fixed his abode for Some time; and, 
regardlefs of his original deftination, became a cadet in 
a Prufiian regiment of foot. He Soon obtained an en- 
fign's commifiion, and in the Space of a few years was 
advanced to the rank of captain. He quitted the Pruf- 
fian Service on the declaration of war between England 
and France in 1756, and was honoured with the com¬ 
mand of a company in the Service of his native country. 
When peace was concluded in 1760, not choofing, we 
fuppofe, to lead a life of ina&ivity on half-pay, he went 

down to Edinburgh, and commenced ftudent of phyfic. 
During his refidence at that nniverfity, he'publifhed his 
Clavis Anglic a Lingua Botanica ; a book of great uti¬ 
lity to all ftudents of botany. 

Having continued Some years at Edinburgh, Mr Ber- 
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kenhout went to the univerfity of Leyden, where he his knowledge 

was admitted to the degree of M. D. in the year 1765. 
On this occafion he publifhed a thefis, intitled, Differ- 

tatio medica inauguralis de Podagra, which he dedicated 
to his relation Baron de Bielfeldt. Returning to Eng¬ 
land, Dr Berkenhout fettled at Ifleworth in Middlefex, 

and foon after publifhed his Pharmacopeia Mediciy the 
third edition of which was printed in 1782* In 1778 
he was fent by government with the commifiioners to 
America. Neither the commifiioners nor their fecre- 

tary were fnffered by the congrefs to proceed further 
than New York. Dr Berkenhout, however, found 
means to penetrate as far as Philadelphia, where the 

congrefs was then aflembled. He appears to have re¬ 
mained in that city for fome time without moleftation: 
but at lad they began to fufpedl that he was fent by 
Lord North for the purpofe of tampering with fome of 

their leading members. The Dodlor was immediately 

feized and committed to prifon. 
Plow long he remained a date prifoner, or by what 

means he obtained his liberty, we are not informed ; 
but we find from the public prints, that he rejoined the 
commiflioners at New York, and returned with them to 
England. For this temporary facrifice of the emolu¬ 
ments of his profeflion, and in confideration of his ha¬ 

ving, in the fervice of his fovereign, committed himfelf 
to the mercy of a congrefs of enraged republicans, he 

obtained a penfion. 
Many years previous to this event, Dr Berkenhout 

bad publifhed his Outlines of the Natural Hijlory of Great 
Britain and Ireland, in three volumes umo; a work 
which edablifhed his reputation as a naturalid. Iu the 
year 1773 he wrote a pamphlet, intitled, An EJfay on 

the Bite of a Mad Dog, in which the Claim to Infallibi¬ 
lity of the Principal P ref ergative Remedies againjl the 

Hydrophobia is examined. This pamphlet is inferibed 
to Sir George Baker, and deferves to be univerfally 

read. 
In the year following Dr Berkenhout publifhed his 

Symptomatology; a book which is too univerfally known 

to require any recommendation. 
At the beginning of the year 1788 lie publifhed a 

work, intitled, Firjl Lines of the Theory and Practice of 
Philosophical Chemijlry, which he dedicated to Mr Eden, 
now Lord Auckland, who had been one of the com¬ 

miflioners whom he accompanied to America. 
Thefe, we believe, are the Do6Ws principal publi¬ 

cations in the line of his profeflion ; but lie wrote on 
many other fubjedts with equal ability. His tranflation 
of Count Tejfinys Letters, which was his firlt publication, 

and dedicated to the prefent king when prince of Wales, 
evinces his knowledge of the Swedifh language, and 
fhews him to have been a good poet. His EJfay on 
Ways and Means, proves him to have been better ac¬ 
quainted with the fyftem of taxation than molt other 
men who have written on the fubje£t. His biographi¬ 
cal powers appear in his jBiographia Liter aria; and in 
all his works are fufficient proofs of his claflical learn¬ 
ing, and that the Italian, French, German, and Dutch 
languages, were familiar to him. He poflefled likewife 

a very conflderable degree of mathematical fcience, which 
he acquired in the courfe of his military fludies; and to 
thofe more folid attainments he is faid to have added no 

fmall fkill in the fifle arts of painting and mufic. This 
eminent man, who, for the variety and promptitude of 

Bezout. 
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has been compared to the Admirable Bernoulli 

Crichton, died on the 3d of April 1791. 

BERNOULLI^ John), a celebrated mathematician, 

was born at Bafil the 7th of Auguft 1667. His fa- "" 
tlier intended him for trade ; but his own inclination 
was at firft for the belles lettres, which, however, like 

his brother James, whofe life is given in the Encyclo¬ 
paedia, he left for mathematics. He laboured with his 
brother to difeover the method ufed by Leibnitz, in his 

effays on the differential calculus, and gave the firft prin¬ 
ciples of the integral calculus. Our author, with Meflrs 
Huygens and Leibnitz, is faid to have been the firft 
who gave the folntion of the problem propofed by James 
Bernoulli, concerning the catenary, or curve formed by 
a chain fufpended by its two extremities. But for more 
on this fubjeft, fee Arch in this Supplement. 

John Bernoulli had the degree of do&or of phyiic at 

Bafil, and two years afterward was named profeffor of 
mathematics in the univerfity of Groningen. it was 
here that he difeovered the mercurial phofphorus, or lu¬ 
minous barometer; and where lie refolved the problem 
propofed by his brother concerning ifoperimetricals. 

On the death of his brother James, the profelfor at 
Bafil, our author returned to his native country, againft 

the prefiing invitations of the magiftrates of Utrecht to 
come to that city, and of the univerfity of Groningen, 
who wifhed to retain him. The Academic Senate of 
Bafil foon appointed him to fucceed his brother, with¬ 
out affembling competitors, and contrary to the efta- 

blifhed pra&ice ; an appointment which he held during 
his whole life. 

In 1714 was publifhed his treatife on the manage¬ 
ment of fhips; and in 1730 his memoir on the elliptical 
figure of the planets gained the prize of the Academy 
of Sciences. The fame Academy alfo divided the prize 
for their queftion concerning the inclination of the pla¬ 
netary orbits, between our author and his fon Daniel. 
See Bernoulli (Daniel),. Encycl. 

John Bernoulli was a member of moll of the acade¬ 
mies of Europe, and received as a foreign aflociate of 
that of Paris in j 699. After a long life fpent in con- 
ftant ftudy and improvement of all the branches of the 
mathematics, he died full of honours, the ill of January 
1748, in the 8 ill year of his age. Of five fons which 
he had, three purfued the fame fciences with himfelf. 
One of thefe died before him ; the two others, Nicolas 
and Daniel, he lived to fee become eminent, and much. 
refpe6ted in the fame fciences. 

The writings of this great man were difperfed through 
the periodical memoirs of feveral academies, as well as 
in many feparate treatifes. And the whole of them 
were carefully colledled and publifhed at Laufanne and 

Geneva, 1742, in 4 vols 4to. He was of undoubted 
eminence; bat even in fcience he was a hafty man, and, 

certainly envious of the fame of Newton. 
BETELGUESE, a fixed ftar of the firft magni¬ 

tude, in the right fhoulder of Orion. 
BEZOUT (Stephen), a celebrated French mathe¬ 

matician, member of the Academies of Sciences and the 
Marine, and examiner of the guards of the marine and 
of the eleves of artillery, was born at Nemours the 

31ft of March 1730. In the courfe of his ftudies he 
met with fome books of geometry, which gave him a 
tafte for that fcience ; and the Eloges of Fontenelle, 

file wed him the honours attendant on talent8 and the 
love 
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,Be2out love of the fciences. His father in vain oppofed the 

11 . Strong attachment of young Bezout to the mathemati- 
ainomialL caj fc|enc€S. April 8. 1758, he was named adjoint- 

' * mechanician in the French Academy of Sciences ; ha¬ 

ving before that fent them two ingenious memoirs on 
the integral calculus, and given other proofs of his pro¬ 

ficiency in mathematics. In 1763, he was named to 
the new office of examiner to the marine, and appoint¬ 
ed to compofe a fyftem of mathematics for their ufe ; 

and in 1768, on the death of M. Camus, he fucceeded 

as examiner of the artillery eleves. 
Bezout fixed his attention more particularly to the 

refolution of algebraic equations ; and he firft found out 
the folution of a particular clafs of equations of all de¬ 

grees. This method, different from all former ones, 
was general for the cubic and biquadratic equations, and 
juft became particular only at tliofe of the 5th degree. 
Upon this work our author laboured from 176l till 
1779, when he publifhed it. He compofed two courfes 
of mathematics; the one for the marine, the other for the 
artillery. The foundation of thefe two works was the 
fame; the applications only being different, according to 
the two different objedts: thefe courfes have everywhere 
been held in great eftimation. In his office of examiner he Idifcharged the duties with great attention, care, and 
tendernefs. A trait of his juftice and zeal is remarkable 
in the following inflance: During an examination which 

he held at Toulon, he was told that two of the pupils 
could not be prefent, being confined by the fmall-pox : 
he himfelf had never had that difeafe, and he was great¬ 
ly afraid of it ; but as he knew that if he did not fee 
thefe two young men, it would much impede their im¬ 
provement, he ventured to their bed-fides to examine 
them, and was happy to find them fo deferving of the 
hazard into which he put himfelf for their benefit. 

Mr Bezout lived in this employment for feveral years, 
beloved of his family and friends, and refpedted by all, 
enjoying the fruits and the credit of his labours. But the 
trouble and fatigues of his offices, with fome perfonal cha- 
grines, had reduced his Strength and conflitution ; he was 
attacked by a malignant fever, of which he died Sept. 27. 
1783, in the 54th year of his age, regretted by his fa¬ 

mily, his friends, the young fludents, and by all his ac¬ 
quaintance in general. 

The books publifhed by him were : 1. Courfe of 
Mathematics for the ufe of the Marine, with a Trea- 
tife on Navigation, 6 vols in 8vo, Paris, 1 764. 2. Courfe 
of Mathematics for the Corps of Artillery, 4 vols in 

8vo, 1770. 3. General Theory of Algebraic Equa¬ 

tions, 1779. 
His papers printed in the volumes of the Memoirs of 

the Academy of Sciences are: 1. On curves, whole 
rectification depends on a given quantity, in the volume 
for 1758. 2. On feveral claffes of equations that admit 
of an algebraic folution, 1762. 3. Firft volume of a 
courfe of mathematics, 1764. 4. On certain equations, 
&c. 1764. 5. General refolution of all equations, 1765* 
6. Second volume of a courfe of mathematics, 1765. 
7. Third volume of the fame, 17 66. 8. Fourth volume 
of the fame, 1767. 9. Intergration of differentials, &c. 
vol. 3. Sav. Etr. 10. Experiments on cold, 1777. 

BINOMIAL, a quantity coniifting of two terms or 
members, connected by either of the figns -f- and —. 
See Algebra, def. 9. Encycl. 

ImpoJJihle or Imaginary Binomial, is a binomial which 
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has one of its terms an impoffible or an imaginary quan- Binomial' 

tity ; as a + y'— E BJ* 
Binomial Curve, is a curve whofe ordinate is ex-. ^ « 

preffed by a binomial quantity, as the curve whofe or¬ 

dinate is xR Xl + ^/.\,c|c. Stirling, Method. Diff. p. 58. 
Binomial Line, or Surd, is that in which at leaf! one 

of the parts is a furd. Euclid, in the tenth book of his 

Elements, enumerates fix kinds of binomial lines or furds, 
viz. 

Firft binomial 3 + f 5> 
2d binomial f i 8 -j- 4, 

3d binomial f 24 + V 18, 
4th binomial 4 + f 3, 
5th binomial f 6 -f- 2, 

6th binomial f 6 -{- f 2. 
Binomial Theorem. See Algebra, Chap. VIL 

Scdt. iii. [Encycl. Vol. I.) ; and Infinite Series, (Vol. 
XVII.) The reader who wiflies for a fuller account of 

this famous theorem, may find it in Dr Hutton’s Ma¬ 
thematical Trails, Vol. I. 

BIRD-catch 1 vg, is an art which, as it is pradtifed 
by means of bird-lime, nets, decoys, Scc. has been Effi- 
ciently explained in the Encyclopaedia. But there is 
another method of catching birds alive, by means of a 

fufee or mufket, which was invented by M. Vaillant du¬ 

ring his travels in Africa, and is Efficiently ingenious 
to deferve a place here. It is as follows : 

Put a fmaller or larger quantity of powder into your 

fufee according as circumftanccs may require. Imme¬ 
diately above the powder place the end of a candle of 

Efficient thicknefs, ramming it welt down ; and then 
fill the barrel with water up to the mouth. When at 

a proper diftance you fire a mufket thus loaded at a . 
bird, you will onlyJlun it by watering and moiftening 
its feathers ; and if you be alert, you may eafity lay 

hold of it before it have time to fpoit its plumage by 
fluttering. Our author admits, that in his firft attempts 
he often put too much powder, or too thick a piece of 

candle into his fufee, or fired af too fnort a diftance ; 
and when any one of thefe miftakes was committed, he 
generally found the candle entire in the animal’s belly ; 
but after a fhort apprenticeship he acquired Efficient 

Skill to adjufl matters fo as that the water impelled by 
the powder went directly to the mark, whilft the tallow 
being lighter than the water fell fhort of it. If this 
method be indeed pradticable (for not being fportfmen 
we have not made trial of it), it may on many occafions 
aid the refearches of the ornithologift. 

Birds-NcJIs, in cookery. See Encycl. and Cap and 
Button in this Suppl. 

BLACK (Jofepli, M. D.), who has been ftyted the 
father of pneumatic chemiftry, and who, in that de¬ 
partment of fcience, had certainly no Eperior, was born 
at Bourdcaux in France, in the year 1728. His father 
was a native of Ireland, but went to Bourdeaux to carry 

on the bufinefs of a wine-merchant; though with what 
fuccefs he carried it on we have not learned. Where 

young Black received his olaffical education we know 
not j but at an early period of life he was fent to the 

Univerfity of Glafgow, and Strongly recommended to 
Dr Cullen, who advifed him to Study phyfic, and under¬ 
took, with that ardour which charadterifed his mind, to 
render him every fervice in his power. 

At that period Cullen read ledtures on chemiftry in 

the College of Glafgow with great and deferved ap- 

plaufe 

i 
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plaufe; and Black becoming one of bis favourite pupils, 
was allowed the free ufe of bis laboratory, and affifted 
him in his experiments ; by which means he acquired a 
decided tafte for this branch of natural philofophy. In 
1 754 he took the degree of doctor of phyfic in the uni- 
verlity of Edinburgh, where he had ftudied for fome 

time ; and the choice which lie made in regard to the 
fubjeCt of his inaugural dilTertatiOn gave a proof of his 
'attachment to chemical purfuits. It was De humore acido 

a cibis orto et magnejia alba. The principles of the doc¬ 
trine which he brought forward in this tliefis he after¬ 
wards fully explained in a paper read the next year be¬ 
fore a fociety in Edinburgh, and publifhed in the fe- 

• cond volume of EJfays Phyficaland Literary, 1756; con¬ 
taining experiments on magnefia alba, quick-lime, and 

alkaline fubftances. In this paper, by an ingenious and 
philofopliical feries of refearches, he evidently proved 

the exiftence of an aerial fluid, which he called Jixed air, 
the prefence of which gave mildnefs, and its abfence 
caufticity, to alkalies arid calcareous earths. This noble 
difeovery certainly paved the way to all that important 
knowledge refpeCtiug aerial bodies which has done fo 
much honour to the names of a Cavendifli, a Prieftley, 
and a Lavoifier, and which have made chemical philo¬ 
fophy affume an entirely new form. 

In the year 1756, on the removal of Dr Cullen to 
Edinburgh, Dr Black became profeffor of medicine and 

lecturer on chemiftry in the'univerfity of Glafgow. Next 
year he enriched the fcience of'chemiftry with the cu¬ 
rious doctrine of latent heat, in which he explained, in 
what has been hitherto reckoned a clear and fatisfaCto- 
ry manner, the connection of heat with fluidity, the 
phenomena of freezing and boiling, and the manner in 

which they affeCt the thermometer. Thefe difeoveries, 
the refult of great natural fagacity and experimental 
jfkill, certainly laid the foundation of all thofe impor¬ 
tant faCts relating to this part of chemiftry which were 
afterwards brought to light by feveral of the moft emi¬ 

nent philofophers of the prefent period, and would alone 
be fufficient to give celebrity to the name of Black. 
His reputation indeed was now raifed fo high, that a 
vacancy having taken place in the chemical chair of 
Edinburgh, by the removal of Dr Cullen, in 1765, to 
another department, Dr Black was looked up to as the 
only man capable of fuftaining, in this branch of fcience, 
the fuperiority which that celebrated fchool of medi¬ 
cine had acquired in all others. He was therefore elect¬ 
ed to fucceed Cullen, and for many years difeharged 
the duties of the office with univerfai approbation, being 

much admired for the care, perfpicuity, and elegance, 
with which he communicated inftrudtion in his lectures, 
and his neatnefs and accuracy in performing experi¬ 

ments. Very complete manufcript copies of his lec¬ 
tures were taken by many of his ftudeuts, particularly 
in the early part of his teaching, when they contained 
a great deal of matter then little known to the chemi¬ 
cal world; and thefe copies, read with avidity by the 
lovers of this fcience, have greatly contributed to fe- 
cure to him the honour of thofe difeoveries, and that 
original mode of reafoning, which he fcarcely ever made 
public in any other form. Hi-s ledtures have lately been 
revifed by his friend Dr Robifon of Edinburgh ; and, 
enriched with many valuable notes by that genuine phi- 

lofopher, are now in the prefs, and will fpeedily be pub¬ 
lifhed. 
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After his election to the chemical chair, Dr Black 

publifhed nothing but a paper on the EffeCt of Boiling i 
upon Water, in difpofing it to freeze more readily, print¬ 

ed in the fixty-ftfth volume of the Philofophical Tranf- 
aCtions for 1774 ; and an Analyfis of the Water of fome 
Hot Springs in Iceland, in the Philofophical Tranfac* 

tions of Edinburgh for 1791. The latter contains fome 
obfervations, highly interefting to the chemift, on the 

formation of the filiceous ftone depofited by thefe won¬ 
derful fprings ; and has long been confidered as a model 
of neatnefs and accuracy in the analyfis of mineral wa¬ 
ters. Two of his letters on chemical fubjedts have been 
publifhed by Crell and Lavoifier. 

Dr Black was long a ftrenuous oppofer of the new 
theories in chemiftry; but he at length became an avow¬ 
ed convert to the principles of the French chemifts, and 
did not hefitate to make amends by his applaufe for his 
former oppofition. He never diftinguilhed himfelf as a 
practical phyfician. His manners were fimple, his tem¬ 
per cold and referved, and his habits of life adapted to 
his own convenience. He was never married; and died 
fuddenly, in his fixty-fecond year, on the 6th of De¬ 

cember I799> his health having been in a declining ftate 
for fome time before. He was a member of the Royal 

Societies of London and Edinburgh, and of the Impe¬ 
rial Academy of Sciences at St Peterfburgh ; and by 
the intereft of Lavoifier he was chofen one of the eight 

foreign members of the Academy of Sciences of Paris, 
when that academy was Royal, and when a philofopher 
of Britain could be a member of it without incurring 

difgrace. 

By thofe who knew Dr Black intimately, and are 
capable of forming an eftimate of the powers of his 
mind, he is believed to have been capable of becoming 
in chemiftry what Newton was in mechanical philofo¬ 

phy ; but an unconquerable indolence, though it could 
not prevent him from doing his duty as profeffor, re- 
ftrained him not only from employing, as he might have 
done, his admirable talents in enlarging the boundaries 
of fcience, but even from afferting his claim to difeo¬ 
veries which were certainly his. Of thefe we hope to 
have fome account from his friend the editor of his 

lectures. 
BLACKLOCK (Dr Thomas) deferves, on fo many 

accounts, to have the principal incidents of his life re¬ 
corded in this work, that to omit fuch an article from our 

lift of biographical fketches would be unpardonable ne¬ 
gligence. We cannot, however, propofe to write of 
him any thing which has not been written before, by 

an author who has repeatedly appeared before the pub¬ 
lic, and on each appearance has gained poffeffion of the 
public heart. We ftiall therefore content ourfelves with 

inferting in this place a fhort abridgment of the elegant 
account of the life and writings of Dr Blacklock, which 
was prefixed to that edition of his works which was 

publifhed iji t 793 ; and if we thus leffen our own la¬ 
bour, we are confcious that we fhall at the fame time 
increafe the pleafure of our readers. 

Thomas Blacklock was in 1721 born at Anan, in 
the county of Dumfries in Scotlandj but his parents 
were natives of the bordering county of Cumberland ; 

fo that, though a native of Scotland, his defeent was 
Englifh. His father was a bricklayer, and his mother 
the daughter of a confiderabie dealer in cattle. Both 

were refpeCtable in their characters, and poffeffed, tho* 
moving 

Black, 
Lkiock, 
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Maeklodr. moving in an humble fphere, a confiderable degree of 

-' knowledge and urbanity. Their fon was not quite fix 
months old when he loft his eye-fight in the fmall-pox, 
which rendered him as complete a ftranger to the vi¬ 

able world as if he had been blind from the hour of his 
birth. It rendered him likewife incapable of learning 
any of the mechanical arts; and therefore his father 
kept him at home, and with the afliftance of fome friends 
foftered that inclination which, at a very early period, 
he Ihewed for books. This was done by reading to 
him fir ft the fimple fort of publications which are com¬ 
monly put into the hands of children, and then feveral 
of our beft authors, fuch as Milton, Spencer, Prior, 
Pope, and Addifon. His companions, whom his early 
gentlenefs and kindnefs of difpofition, as well as their 
compaffion for his misfortune, ftrongly attached to him, 
were very afiiduous in their good offices, in reading to 
inftruft and arnufe him. By their affiftance he acquired 

Tome knowledge of the Latin tongue, but he never was 
at a grammar-fchool till at a more advanced period of 
life. Poetry was even then his favourite reading ; and 
he found an enthufiaftic delight in the works of the beft 
Englifh poets, and in thofe of his countryman Allan 
Ramfay. Even at an age fo early as twelve he began 
to write poems, one of which is preferved in the collec¬ 
tion that was publifhed after his death, and is not per¬ 
haps inferior to any of the premature compofitions of 

boys affifted by the beft education, which are only re¬ 
called into notice by the future fame of their authors. 

He had attained the age of nineteen when his father 
was killed by the accidental fall of a malt-kiln belong¬ 
ing to his fon-in-law. This lofs, heavy to any one at 
that early age, would have been, however, to a young 
man pofieffing the ordinary means of fupport, and the 
ordinary advantages of education, comparatively light ; 
but to him—thus fuddenly deprived of that fupport on 
which his youth had leaned—deftitute almoft of every 
refource which induftry affords to thofe who have the 
bleffings of fight—with a body feeble and delicate from 

* nature, and a mind congenially fufceptible—it was not 
furpriling that this blow was doubly fevere, and threw 
on his fpirits that defpondent gloom to which he then 
gave way in the following pathetic lines, and which 
fometimes overclouded them in the fubfequent period of 

his life : 

“ Dejecting profpe£l! foon the haplefs hour 
“ May come ; perhaps this moment it impends, 
u Which drives me forth to penury and cold, 
“ Naked, and beat by all the ftorms of heav’n, 
“ Friendlefs and guidelefs to explore my way ; 
“ Till on cold earth this poor unfhelter’d head 
“ Reclining, vainly from the ruthlefs blaft 
4‘ Refpite 1 beg, and in the fhock expire.” 

He lived with his mother for about a year after his 
father’s death, and began to be diftinguifhed as a young 
man of uncommon parts and genius. Thefe were at 
that time linafiifted by learning ; the circumftances of 
his family affording him no better education than the 
{mattering of Latin which his companions had taught 
him, and the perufal and recollection of the few Englifh 
authors which they, or his father in the intervals of his 
profeffional labours, had read to him. Poetry, however, 
though it attains its higheft perfection in a cultivated 

foil5 grows perhaps as luxuriantly in a wild one. To 
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poetry, as we have before mentioned, he was devoted Blackloclu 

from his earlieft days ; and about this time feveral of' 
his poetical productions began to be handed about, 
which confiderably enlarged the circle of his friends 
and acquaintance. Some of his compofitions being 
fhewn to Dr Stevenfon, an eminent phyfician of Edin¬ 

burgh, who was accidentally at Dumfries on a profef¬ 
fional vifit, that gentleman formed the benevolent defign 
of carrying him to the Scotch metropolis, and giving to 
his natural endowments the affiftance of a claffical edu¬ 
cation. He came to Edinburgh in the year 1741, and 
was enrolled a ftudent of divinity in the univerfity there* 
though at that time without any particular view of en¬ 
tering into the church. In that univerfity he continued 
his ftudies under the patronage of Dr Stevenfon till the 
year 1745? when he retired to Dumfries, and refided in 
the houfe of Mr M‘Murdo, who had married his fifter, 
during the whole time of the civil war, which then ra¬ 
ged in the country, and particularly difturbed the tran¬ 

quillity of the metropolis. When peace was reftored 
to the nation, he returned to the univerfity, and pur- 
fued his ftudies for fix years longer. During this laft 
refidence in Edinburgh, he obtained, among other lite¬ 
rary acquaintance, that of the celebrated David Hume, 

who attached himfelf warmly to Mr Blackloek’s inte- 
refts, and was afterwards particularly ufeful to him in 
the publication of the 4to edition of his Poems, which 
came out by fubfcription in London in the year 1756. 
Previoufly to this, two editions in 8vo had been pub¬ 

lifhed at Edinburgh, the firft in 1746, and the fecond 

in 1754. 
In the courfe of his education at Edinburgh, he ac¬ 

quired a proficiency in the learned languages, and be¬ 
came more a matter of the French tongue than was then 
common in that city. For this laft acquifition he was 
chiefly indebted to the focial intercourfe to which he 
had the good fortune to be admitted in the houfe of 
Provoft Alexander, who had married a native of France. 
At the univerfity he attained a knowledge of the va¬ 
rious branches of philofophy and theology, to which his 
courfe of ftudy naturally led, and acquired at the fame 
time a confiderable fund of learning and information in 

thofe various departments of fcience and belles lettres, 
from which his want of fight did not abfolutely pre¬ 

clude him.. 
In 1757? he began a courfe of ftudy, with a view to 

give leisures in oratory to young gentlemen intended 
for the bar or the pulpit. On this occafion he wrote 
to Mr Hume, informed him of his plan, and requefted 
his affiftance in the profecution of it. But Mr Hume 
doubting the probability of its fuccefs, lie abandoned 
the projeft 5 and then, for the firft time, adopted the 
decided intention of going into the church of Scotland. 
After applying clofely for a confiderable time to the 
ftudy of theology, he palled the ufual trials in the pref- 
bytery of Dumfries, and was by that prefbytery licenfed 
a preacher of the gofpel in the year 1759. As a preach¬ 
er he obtained high reputation, and was fond of coin- 
pofing fermons, of which lie has left fome volumes in 
manufeript, as alfo a Treatife on Morals. 

The tenor of his occupations, as well as the bent of 
his mind and difpofitions, during this period of his life, 
will appear in the following plain and unftudied account, 
contained in a letter from a gentleman, who was then 

his moft intimate andconftant companion, the Rev. Mr 

Jamefon*. 
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Blacklock. Jamefon, formerly mini fie r of the Ephcopal chapel at 

1 Y Dumfries, afterwards of the Englifli congregation at 
Dantzic, and who lately reiided, and perhaps yet refides, 

at Ncwcaftle upon Tyne. 
<< Elis manner of life (fays that gentleman) was fo 

uniform, that the lhftory of it during one day, or one 
week, is the hiftory of it during the feven years that 

our perfonal intercourfe lafted. Reading, mufic, walk¬ 
ing, converfmg, and difputing on various topics, in 
theology, ethics, See. employed almoft every hour of our 
time. It was pleafant to hear him engaged in a dif- 
pnte, for no man could keep his temper better than lie 
always did on fuch occafions. I- have known him fre¬ 
quently very warmly engaged for hours together, but 

never could obferve one angry word to fall from him. 
Whatever his antagonift might fay, he always kept his 
temper. ‘ Semper paratus et refellere fine pertlnacia, et 

refelltfine iracundiaJ He was, however, extremely fen- 
ftble to what he thought ill ufage, and equally fo whe¬ 
ther it regarded himfelf or his friends. But his refent- 
ment was always confined to a few fatirical verfes, which 

were generally burnt foon after, 
“ I have frequently admired with what readinefs and 

rapidity he could fometimes make verfes. I have known 
him didate from thirty to forty verfes, and by no means 

bad ones, as fall as I could write them ; but the mo 
meat lie was at a lofs for a rhime or a verfe to his 
liking, he ftopt altogether, and could very feldom be 
induced to finifh what he had begun with fo much ar¬ 

dour.” 
This account fufficiently marks that eager fenfibility, 

chaftened at the fame time with uncommon gentlenefs of 
temper, which charaXerifed Dr Blacklock, and which 
indeed it was impofilble to be at all in his company 
without perceiving. In the fcience of mind, this is 
that divifiou of it which perhaps one would peculiarly 
appropriate to poetry, at leafl to all thofe lighter fpe- 
cies which rather depend on quicknefs of feeling, and 
the ready conception of pleafing images, than on the 
happy arrangement of parts, or the fkilful conftruXion 
of a whole, which are effentialto the higher departments 
of the poetical art. The firft kind of talent is like 
thofe warm and light foils which produce their annual 
crops in fuch abundance ; the laft, like that deeper 
and firmer mould on which the roots of eternal forefts 
are fixed. Of the firft we have feen many happy in- 

ftances in that fex which is fuppofed lefs capable of 
ftudy or thought ; from the laft is drawn that mafeu- 

line fublimity of geniu-s which could build an Iliad or a 
Paradife Loft. 

Dr Blacklock could never diXate till he ftood up ; 
and as his blindnefs made walking about without af- 
fiftance inconvenient or dangerous to him, he fell infen- 
fibly into a vibratory fort of motion of his body, which 
increafed as he warmed with his fubjeX, and was plea- 
fed with the conceptions of his mind. This motion at 
laft became habitual to him; and though he could fome¬ 
times reftrain it when on ceremony, or on any public 
appearance, fuch as preaching, he felt a certain uneafi- 
nefs from the effort, and always returned to it when he 
could without impropriety. This appearance he de- 
feribes in a fliort poem, in which he gives a ludicrous 
piXure of himfelf; a piXure indeed, of which, though 
the outlines are true, the general effeX is greatly over¬ 

charged. Though his features were hurt by the dif- 

eafe which deprived him of fight, there was a certain Blackly jji 
placid exprefiion in his countenance, which marked the v-* u 
benevolence of his heart, and wras calculated to procure 
to him individual attachments and general regard. 

In 1762 he married Mifs Sarah Johnfton, daughter 
of Mr Jofeph Johnfton furgeon in Dumfries; a con¬ 
nexion which formed the great folace and bleffmg of 
his future life, and gave him, with all the tenderneis of 

a wdfe, all the zealous care of a guardian and a friend. 
This event took place a few days before his being or¬ 
dained minifter of the town and parifh of Kircudbright, 
in confequence of a prefentation from the crown, ob¬ 
tained for him by the earl of Selkirk, a benevolent no¬ 
bleman, wdiom Mr Blacklock’s fituation and genius had 
interefted in his behalf. But the inhabitants of the 
parifh, whether from that violent averfion to patronage, 

which was then fo univerfal in the fouthern parts of 
Scotland, from fome political difputes which at that 
time fubfifted between them and his noble patron, or 
from thofe prejudices which fome of them might natu¬ 
rally enough entertain again ft a paftor deprived of fight, 

or perhaps from allthefe caufes united, were fo extreme¬ 
ly difinclined to receive him as their minifter, that after 
a legal difpute of nearly tu'o years, it wras thought ex¬ 

pedient by his friends, as it had always been wifhed by 
himfelf, to compromife the matter, by refigning his 

right to the living, and accepting a moderate annuity 
in its ftead. With this Bender provifion he removed in 

1764 to Edinburgh ; and to make up by his induftry 
a more comfortable and decent fubfiftence, he adopted 
the plan of receiving a certain number of young gentle¬ 

men as boarders into his houfe, whofe fludies in langua¬ 
ges and philofophy he might, if neceffary, afiift. In 
this fituation he continued till the year 1787, when he 
found his time of life and ftate of health required a de¬ 
gree of quiet and repofe, which induced him to difeon- 
tinue the receiving of boarders. In 1 767 the degree of 

doXor in divinity was conferred on him by the univerfi- 
ty and Marifclial college of Aberdeen. 

In the occupation which he thus exercifed for fo ma¬ 

ny years of his life, no teacher was perhaps ever more 
agreeable to his pupils, nor mafter of a family to its in¬ 
mates, than Dr Blacklock. The gentlenefs of his man¬ 
ners, the benignity of his difpofition, and that warm in- 

tereft in the happinefs of others which led him fo con- 
ftantly to promote it, were qualities that could not fail 
to procure him the love and regard of the young people | 

committed to his charge ; while the fociety, which 
efteem and refpeX for his charaXer and his genius often 
affembled at his houfe, afforded them an advantage rare¬ 

ly to be found in eftablifhmcnts of a fimilar kind. 
In this mixed fociety he appeared to forget the pri¬ 

vation of fight, and the melancholy which it might at 

other times produce in his mind. He entered, with the 
cheerful playfulnefs of a young man, into all the fpright- 

ly narrative, the fportful fancy, and the humorous jeft 
that rofe around him. Next to convention, mufic was 
perhaps the fource of his greateft delight; for he not 
only relifhed it highly, but was himfelf a tolerable per¬ 
former on feveral inftruments, particularly the flute. 

He generally carried in his pocket a fmall jlageolet> on 
which he played his favourite tunes ; and was not dif- 
pleafed when afked in company to play or to fing them; 

a natural feeling for a blind man, who thus adds a feene 

to the drama of his fociety. 
Of 
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"Bhddock. Of the happinefs of others, however, we are incom- 

petent judges. Companionfhip and fympathy bring forth 

thofe gay colours of mirth and cheerfulnefs whicli they 
put oil for a while, to cover perhaps that fadnefs which 
we have no opportunity of witnefling. Of a blind 
man’s condition we are particularly liable to form a mif- 
taken eftimate ; we give him credit for all thofe gleams 
of delight which fociety affords him, without placing 
to their full account thofe dreary moments of darkfome 
folitude to which the fufpenfion of that fociety condemns 

him. Dr Blacklock had from nature a conflitution de¬ 
licate and nervous, and his mind, as is ahnofl always the 
cafe, was in a great degree fubjed to the indifpofifion 
of his body. He frequently complained of a lownefs 
and depreffion of fpirits, which neither the attentions of 
hk friends, nor the unceafmg care of a mofl: affectionate 
wife, were able entirely to remove. The imagination 

we are fo apt to envy and admire ferves but to irritate 
this diforder of the mind ; and that fancy in whofe cre¬ 
ation we fo much delight, can draw, from fources un¬ 
known to common men, fubje&s of difguft, difquietude, 
and affliction. Some of his later poems exprefs a cha¬ 
grin, though not of an ungentle fort, at the fuppofed 
failure of his imaginative powers; or at the faflidiouf- 
nefs of modern times, which he defpaired to pleafe. 

u Such were his efforts, fuch his cold reward, 

4t Whom once thy partial tongue pronounc’d a bard ; 
4< Excurfive, on the gentle gales of fpring, 

4t He rov’d, whilfl favour imp’d his timid wing ; 
4t Exhaufted genius now no more infpires, 
4t But mourns abortive hopes, and faded fires ; 

4< The iliort-liv’d wreath, which once his temples grac’d, 
4t Fades at the fickly breath of fqueamifh tafte ; 
4< Whilfl darker days his fainting flames immure 

4t In cheerlefs gloom and winter premature.” 

Thefe lines are, however, no proof of “ exhaufted 
genius,” or « faded fires.” “ Abortive hopes,” indeed, 
mufl be the lot of all who, like Dr Blacklock, reach 
the period of old age. In early youth the heart of 
every one is a poet ; it creates a feene of imagined hap¬ 
pinefs and delufive hopes ; it clothes the world in the 
bright colours of its own fancy; it refines what is coarfe, 
it exalts what is mean ; it fees nothing hut difinterefl- 
ednefs in friendfhip ; it pronfifes eternal fidelity in love. 
Even on the diflrefies of its fitnation it can throw a 
certain romantic fhade of melancholy that leaves a man 
fad, but does not make him unhappy. But at a more 

advanced age, “the fairy vifions fade,” and he fuffers 
mofl deeply who has indulged them the mofl. 

About the time that thefe verfes were written, Dr 
Blacklock was, for the firft time, affii&ed with what to 
him mufl have been peculiarly diflrefsful. He became 
occafionally fubjeft to deafnefs, which, though he fel- 
dom felt it in any great degree, was fufficient, in his ii- 
tuation, to whom the fenfe of hearing was almofl the 
only channel of communication with the external world, 
to caufe very lively uneafinefs. Amidfl thefe fndifpo- 

' fitions of body, however, and difquietudes of mind, the 
gentlenefs of his temper never forfook him, and he felt 
sll that refignation and confidence in the Supreme Be¬ 
ing which his earliefl and his latefl life equally acknow¬ 
ledged. In fummer tygi he was feized with a feverifh 
diforder, which at firft Teemed of a flight, and never rofe 
to a very violent kind ; but a frame fo little robufl as 
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his was not able to refill it, and after about a week’s 
illnefs it carried him off on the 7th day of July 1791.1 
His wife Amoves him, to feel, amidd the heavy auc¬ 
tion of his lofs, that melancholy confolation which is 
derived from the remembrance of his virtues. 

The writings of Dr Blacklock confided principally 
of poems, which were publflhed in 4to in the year 179/- 

and to that edition was added, An E/Jay on the Educa- 
tion of the Blind, tranflaled from the French of M. Hauy. 

But befides his avowed works, we have reafon to be. 
lieve that he was the author of many articles in the fe. 

cond edition of the Encyclopedia Britannica, though we 
cannot fay with certainty what thofe articles were. If 
our memory does not deceive us, we have been inform- 
ed that the preface to that edition was furnilhed by 
him ; and we have elfewhere attributed to him, on the 
bed authority, the article Blind, and the Notes to the 
aiticle Music: but he undoubtedly contributed much 

more to the work, aud was one of the principal guides 
or the proprietors. ‘ ° 

BLAIR (Dr Hugh), was born in Edinburgh, on 
the 7th day of April 1718. His father, John Blair, a 
relpectable merchant in that city, was a defendant of 
the ancient family of Blair in Airdiire, and grandfon of 
the famous Mr Robert Blair minider of St Andrew’s, 
chaplain to Charles I. and one of the mod zealous and 
didmguiffied clergymen of the period in which he li- 
ved. This worthy man, though firmly attached to the 
caufe of freedom, and to the Preftyterian form of 
church government, and though a&ively engaged in all 
the meafures adopted for their fupport ; yet, by his 
lteady, temperate condudt, commanded the refpe& even 
of his opponents. In preference to all the other eccle- 
fiadical leaders of the covenanting party, he was feleift. 
ed by the king himfelf to fill an office which, from the 
circumdances of the time, gave frequent acccfs to the 
royal perfon ; “ becaufe (faid his inajedy) that man is 
pious, prudent, learned, and of a meek and moderate 
calm temper.” His talents feem to have defeended as 
an inheritance to his poderity. For of the two fons 
who furv.ved him, David, the elded, was a clergyman 
of eminence m> Edinburgh, father to Mr Robert Blair 
mimder of Atheldonford, the celebrated author of the 
poem intitled The Grave; and grandfather to his ma- 
jedy s fohcitor general for Scotland, whofe mafeuline 
eloquence and profound knowledge of law have, in the 
public edimation, placed him indifputably at the head 
of the Scottiffi bar. From his younged fon Hugh, 
who engaged 111 bufinefs as a merchant, and had the 
honour to fill a high dation in the magidracy of Edm- 
burgh, lprung the learned clergyman who is the fub- 
jeCt or this narrative.. 

I he views of Dr Blair, from his earlied youth, were 
turned towards the church ; and his education received 
a fuitable direction. After the ufnal grammatical courfe 

f, fchri’.rhiente/ed hu^an;ty clafs in the univer- 
fity of Edinburgh in Oaober 1730, and fpent eleven 
years at that celebrated feminary, affiduoufly employ- 
,d‘n, the hterary and fcientific dudies preferred by 

the church of Scoriand to all who are to become can¬ 
didates for her licence to preach the gofpel. During 
this important period, he was didinguiffied among hi 
companions both for diligence and proficiency; and ob¬ 
tained from the profeflbrs under whom he ftudied re- 
peated tedrnion.es of approbation. One of them de- 

^ ferve* 
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ferves to be mentioned particularly, becaufe, in his own 

' opinion, it determined the bent of his genius towards 
polite literature. An effay n.f, to, .««», or, On the beau- 

tifuL written by him when a iludent of logic in the ufual 
courfe of academical exercifes, had the good fortune to 

attract the notice of profefTor Stevenfon, and, with cir- 
eumflances honourable to the author, was appointed to • 

be read in public at the conclulioii of the term or fel- 
fion This mark of dillin&ion made a deep lmprefiion 
on his mind; and the effay which merited it he ever 
after recollefted with partial affeaion, and preferred to 

the day of his death as the fir ft earned of his fame. 
At this time Dr Blair commenced a method ot ltudy 

which contributed much to the accuracy and extent ot 
his knowledge, and which he continued to P^ife oc- 
cafionally even after his reputation was fully eftabhfhed. 

It confided in making abltrafts of the moft important 
works which lie read, and in digefting them according 

to the train of his own thoughts. Hiftory, in parti¬ 
cular, he refolved to ftudy in this manner ; and, in con¬ 
cert with fome of his youthful affociates, lie conftruaed a 
very comprehenfive fcheme of chronological tables, tor 

receiving into its proper place every important faft that 
Ihould occur. The fcheme devifed by this young Un¬ 
dent for his own private ufe was afterwards improved, 
filled up, and given to the public by his learned friend 
Dr John Blair, prebendary of Weftminfter, in his va¬ 

luable work, “ The Chronology and Hiftory of the 

WIn^he year 1739, Dr Blair took his dlegree of A.M. 
On that occafion he printed and defended a thefis, De 

Fundamentis et Obl'igatione Legis Nature, which co"tai"s 
a (hort but mafterly difcuffion of this important fubjeft, 

and exhibits in elegant Latin an outline of the moral 
principles which have been fince more fully unfolded 

and illuftrated in his Sermons. 
The univerfity of Edinburgh, about this period, 

numbered among her pupils many young men who 
were foon to make a diftinguilhed figure in the civil, 

the ecclefiaftical, and the literary hiftory of their coun- 
trv With moft of them Dr Blair entered into habits 
of intimate connection, which no future competition or 

jealoufy occurred to interrupt, which held them united 

through life in their views of public good, and which 
had the moft beneficial influence on their own improve¬ 
ment, on the progrefs of elegance and tafte among 
their contemporaries, and on the general interefts of the 

community to which they belonged. 
On, the completion of his academical courfe, he un¬ 

derwent the cuftomary trials before the prefoytery of 
Edinburgh, and received from that venerable body a 

licence to preach the Gofpel on the 2lft ofOaober 
1741 His public life now commenced with very fa¬ 

vourable profpefts. The reputation which he brought 
from the univerfity was fully juftified by his firit ap- 
pearances in the pulpit; and, in a few months, the tame 
of his eloquence procured for him a prefentation to the 

parifh of Coleflie in Fife, where he was ordained to the 
office of the holy miniftry on the 23d of September 1742. 
But he was not permitted to remain long m this rural 
retreat. A vacancy in the fecond charge of the Canon- 
gate a fuburb of Edinburgh, furnilhed to his friends an 
opportunity of recalling him to a ftation more fuited to 
his talents. And, though one of the moft popular and 

eloquent clergymen in the church was placed m cotn- 
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petition with him, a great majority of the eledors de- ^ Ela;r> ^ 
cided in favour of this young orator, and reftored him 

in July 1743 to the bounds of his native city. 
In this ftation Dr Blair continued eleven years, dif- 

charging with great fidelity and fuccefs the various du¬ 
ties of the paftoral office. His difcourfes from the pul¬ 
pit in particular attracted univerfal admiration. They 
were compofed with uncommon care ; and, occupying 
a middle place between the dry metaphyfical difcuffion 

of one clafs of preachers, and the loofe incoherent de¬ 
clamation of another, they blended together, in the 
happieft manner, the light of argument with the warmth 
of exhortation, and exhibited captivating fpecimens ox 

what had hitherto been rarely heard in Scotland,, the 
polifhed, well-compaded, and regular didadic oration. 

In confequence of a call from the town-council and 
general-feffion of Edinburgh, he was tranflated from the 
Canongate to Lady Yefter’s, one of the city churches,, 

on the 11th of Odober 1754* anc^ on *5*^ day °f 
June 17589 he was promoted to the High Church of 
Edinburgh, the moft important ecclefiaftical charge in 
Scotland. To this charge he was railed at the re- 

queft of the Lords of Council and Seffion, and of the 
other diftinguifhed official charaders who have their 
feats in that church. And the uniform prudence, abi¬ 
lity, and fuccefs, which, for a period of more than forty 
years, accompanied all his minifterial labours in that 
confpicuous and difficult ftation, Efficiently evince the 

wifdom of their choice. 
Hitherto his attention feems to have been devoted aL 

moft exclufively to the attainment of profeffional excel?* 

lence, and to the regular difcharge of his parochial du¬ 
ties. No production of his pen had yet been given to 
the world by himfelf, except two fermons preached on 
particular occafions ; fome tranflations, in verfe, of paf- 

fages of Scripture for the pfalmody of the church; and 
a few articles in the Edinburgh Review ; a publica- 
tion begun in 1755, and conducted fora fhort time by 
fome of the ableft men in the kingdom. But ftanding 
as he now did at the head of his profeffioii, and releafed 
by the labour of former years from the drudgery, cf 
weekly preparation for the pulpit, he began to think 
ferioufly on a plan for teaching to others that art which 
had contributed fo much to the eftablifhment of his 

own fame. With this view, he communicated to his 
friends a fcheme of ledures on compofition ; and ha¬ 
ving obtained the approbation of the univerfity, he be¬ 

gan to read them in the college on the nth of Decem¬ 
ber 1759. To this undertaking he brought all the 
qualifications requifite for executing it well; and along 
with them a weight of reputation, which could not fail 

to give effed to the leffons he ffiould deliver. For, be- 
fides the teftimony given to his talents by his fucceffive 
promotions in the church, the univerfity of St Andrew’s, 
moved chiefly by the merit of his eloquence, had in 
June 1757 conferred on him the degree of D. D. a li¬ 
terary honour which at that time was very rare in Scot¬ 
land. Accordingly his firft courfe of ledures was well 
attended, and received with.great applaufe. The pa¬ 
trons of the univerfity, convinced that they would form 
a valuable addition to the fyftem of education, agreed in 
the following fummer to inftitute a rhetorical clafs, un¬ 

der his diredion, as a permanent part of their academi¬ 
cal eftablifhment : and on the ytfc of April 1762, his 

Majefty was gracioufly pleafed “ to ered and endow a 
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Blair. profefforfliip of rhetoric and belles lettres in the univer- 
-nr^iity of Edinburgh ; and to appoint Dr Blair, in confi- 

deration of his approved qualifications, regius profefior 
thereof, with a falary of L.70.” The ledlures which he 
read as profeflor of rhetoric, he publifhed in 1783, when 
he retired from the labours of the office ; and the ge¬ 
neral voice of the public has pronounced them to be a 

moll judicious, elegant, and comprehenfive fyftem of 
rules for forming the ftyle and cultivating the tafte of 
youth. 

About the time in which he was occupied in laying 
the foundations of this ufeful inftitution, he had an op¬ 
portunity of conferring another important obligation on 
the literary world, by the part which he aCled in ref- 
cuing from oblivion the poems of OfTian. It was by 
the folicitation of Dr Blair and Mr John Home, that 
Mr Macpherfon was induced to publifh his Fragments of 
Ancient Poetry ; and their patronage was of effential fer- 
vice in procuring the fubfcription which enabled him 
to undertake his tour through the Highlands for col¬ 
lecting the materials of Fingal, and of thofe other de- 
lightful productions which bear the name of Offian. 
To thefe productions Dr Blair applied the teft of ge¬ 
nuine criticifm ; and foon after their publication gave 
an eftimate of their merits in a DiJfertationy which, for 
beauty of language, delicacy o&tafte, and acutenefs of 
critical inveftigation, has few parallels. It was printed 
in 1 763, and fpread the reputation of its author through¬ 
out Europe. 

The great objects of his literary ambition being now 
attained, his talents were for many years confecrated 

folely to the important and peculiar employments of his 

Hation. It was not till the year 1777 t^lat c°uld be 
induced to favour the world with a volume of the Ser¬ 
mons which had fo long furnifiied inftruClion and de¬ 
light to his own congregation. But this volume being 
well received, the public approbation encouraged him 
to proceed : four other volumes followed at different 
intervals, the laft of which was publifhed after his 
death ; and all of them experienced a degree of fuc- 
cefs of which few publications can boafl. They circu¬ 
lated rapidly and widely wherever the Englifh tongue 
extends ; they were foon tranflated into almoft all the 
languages of Europe ; and his prefent Majefty, with 
that wife attention to the interefts of religion- and lite¬ 
rature which diftinguifhes his reign, was gracioufly plea- 
fed to judge them worthy of a public reward. By a 
royal mandate to the Exchequer in Scotland, dated Ju¬ 
ly 25th 1780, a penfion of L.200 a-year was conferred 
on their author, which continued unaltered till his 
death. 

In that department of his profeflional duty which re¬ 
garded the government of the church, Dr Blair was 
ileadily attached to the caufe of moderation. From 
diffidence, and perhaps from a certain degree of inap¬ 
titude for extemporary fpeaking, he took a lefs public 
part in the contefts of ecclefiaftical politics than fome 
of his contemporaries; and, from the fame caufee, he 
never would confent to become moderator of the Ge¬ 
neral Affembly of the Church of Scotland. But his 
influence among his brethren was extenflve: his opinion, 
guided by that found uprightnefs of judgment, which 
formed the predominant feature of his intelleCtiial cha¬ 
racter, had been always held in high refpeCl by the 

friends with whom he a&ed 5 and, for many of the laft 

years of his life, it was received by them almoft as a 
law. The great leading principle in which they cor¬ 
dially concurred with him, and which dire&ed all their 
meafures, was to preferve the church, on the one fide, 
from a flavifh, corrupting dependance on the civil power; 
and, on the other, from a greater infufion of democra- 

tical influence than is compatible with good order, and 
the eftablifhed conftitution of the country. * 

The reputation which he acquired in the difeharge 

of his public duties, was well fuftained by the great re- 
fpedfability of his private character. Deriving from 
family affociations a ftrong fenfe of clerical decorum, 
feeling on his heart deep impreffions of religious and 
moral obligation, and guided in his intercourfe with 
the world by the fame correCt and delicate tafte which 
appeared in his writings, he was eminently diftinguifhed 
through life by the prudence, purity, and dignified pro¬ 
priety of his conduCti His mind, by conftitution and 
culture, was admirably formed for enjoying happinefs. 
Well balanced in itfelf by the nice proportion and ad- 
juftment of its faculties, it did not incline him to any 
of thofe eccentricities, either of opinion or of aCtion, 
which are too often the lot of genius :—free from all 
tinCture of envy, it delighted cordially in the profperity 

and fame of his companions : fenfible to the eftigiation 
in which he himfelf was held, it difpofed him to dwell 
at times on the thought of his fuccefs with a fatisfac- 
tion which he did not affeCt to conceal : inacceffible 
alike to gloomy and to peeviffi impreffions, it was al¬ 
ways mailer of its own movements, and ready, in an 
uncommon degree, to take an aCtive and pleading in- 
tereft in every thing, whether important or trifling, that 

happened to become for the moment the objeCt of his 
attention. This habit of mind, tempered with the 
moft unfufpeCting fimplicity, and united to eminent 
talents and inflexible integrity, while it fecured to the 
laft his own relifh of life, was wonderfully calculated to 
endear him to his friends, and to render him an invalu¬ 
able member of any fociety to which he belonged. 
Accordingly there have been few men more universally 
refpeCted by thofe who knew him, more fincerely 
efteemed in the circle of his acquaintance, or more ten¬ 
derly beloved by thofe who enjoyed the bleffing of his 
private and domeftic connection. 

In April 1748, he married his coufin Katharine 
Bannatine, daughter of the Rev. Jame3 Bannatine, one 
of the minifters of Edinburgh. By her he had a fon 
who died in infancy, and a daughter who lived to her 
tvventy-firft year, the pride of her parents, and adorned 
with all the accomplifhments that became her age and 
fex. Mrs Blair hcrfelf, a woman of great good fenfe 
and fpirit, was alfo taken from him a few years before 
his death, after {he had fiiared with the tendered: affec¬ 
tion in all his fortunes, and contributed near half & cen¬ 
tury to his happinefs and comfort. 

Dr Blair had been naturally of a feeble conftitution 
of body; but as he grew up his conftitution acquired 
greater firmnefs and vigour. Though liable to occa- 
fional attacks from fome of the fharpeft and moft pain- 
ful difeafes that afflict the human frame, he enjoyed a 
general ftate of good health ; and, through habitual 
cheerfulnefs, temperance, and care, furvived the ufuai 
term of human life.—For fome years he had felt him- 
fclf unequal to the fatigue of inftruCting his very large 

congregation from the pulpit; and, under the impreffion 
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which this feeling produced, he has been heard at times 
to fay with a figh, “ that he was left almoft the lad of 
his contemporaries.” Yet he continued to the end in 
the regular difcharge of all his other official duties, and 
particularly in giving advice to the afflidfed, who, from 
different quarters of the kingdom, folicited his corre- 
fpondence. His lad fummer was devoted to the pre¬ 
paration of the lad volume of his fermons; and, in the 
courfe of it, he exhibited a vigour of underdanding and 
capacity of exertion equal to that of his bed days. He 
began the winter pleafed with himfelf on account of 
the completion of this work ; and his friends were flat¬ 
tered with the hope that lie might live to enjoy the ac- 
ceffion of emolument and fame which he expedted it 
would bring. But the feeds of a mortal difeafe were 
lurking unperceived within him. On the 24th of De¬ 
cember 180c, he complained of a pain in his bowels, 
which, during that and the following day, gave him but 
little uneafinefs ; and he received as ufual the viiits of 
his friends. On the afternoon of the 26th, the fymp- 
toms became violent and alarming :—he felt that he 
was approaching the end of his appointed courfe : and 
retaining to the lad moment the full poffefFion of his 
mental faculties, he expired on the morning of the 27th, 

with the compofure and hope which become a Chriflian 
pador. 

The lamentation for his death was uriiverfal and deep 

through the city which he had fo long inftrudted and 
adorned. Its magidrates, participating in the general 
grief, appointed his church to be put in mourning ; and 
bis colleague in it, Dr Finlayfon, from whom this ac¬ 

count of his life is borrowed*, preached his funeral 
fermon, in which his character is drawn in a maderly 

manner, though with the almod unavoidable partiality 

of friendfhip. 
If we, who know Dr Blair only in his writings, 

might prefume to edimate his intelledlual character, we 
fhould fay that he pofTefled a found judgment rather 
than what could be called a vigorous mind *, that he 
had more tade than genius ; and that he taught fuc- 
eefsfully, as far as it can be taught, the art ofpoetry, 
though he could not himfelf have been a poet. His 
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air rufhes out forcibly; the receiver irufl be quickly Bleaching 
dopped, and another applied. Thus many receivers 
may be filled with the dephlogidicated muriatic acid j 
but it is neceffary to place the retort in fuch a manner 
that the drops which rife into its neck may be able to 
fall back. The water ferves to retain the vapours of 
the acid. u I ufe (fays he) many receivers, that I may 
not be obliged to repeat a fimilar didillation for every 
experiment. It is not proper to employ large ones, 
becaufe every time they are opened a great part of the 
acid is diflipated in the air. What I fubmitted to ex¬ 
amination with this dephlogidicated muriatic acid was 
placed in the neck of the receiver, which I had dopped. 
The cork was turned yellow as by aquafortis. Paper 
tinged with turnfol became almod white ; all red, blue, 
and yellow dowers, as alfo green plants, turned yellow 
in a fhort time, and the water in the receiver was chan¬ 
ged into pure but weak muriatic acid. Neither al¬ 
kalis nor acids were able to redore the colours of the 

dowers, or of the plants.” 
M. Berthollet, in 1785, proved that this acid was 

compofed of muriatic acid combined with oxygen ; and 
that when it had deprived vegetable matters of their co- 
lour, it was reduced to the date of common muriatic 
acid ; that is, it fiad lod the oxygen with which it was % 
united. This oxygen had combined with the colour-Its applies* 
ing particles of the vegetable matter, and had renderedtlon r° 
them colourlefs. After making thefe obfervations, it l6ac 

occurred to him that the oxy-muriatic acid might pro¬ 
duce the fame effedt upon thofe particles which give 
colour to thread and cloth, and which it is the objeft of 
bleaching to dedroy. *\At 'firft (fays he) I made uf^ Ann.de 

of water highly impregnated with this acid ; and 1 re- 
newed it when it was exhauded, until the thread or15 * 
cloth appeared white ; but I foon perceived that they 
were coniiderably weakened, and that they were en¬ 
tirely lofing their folidity. I then weakened the liquor 
a little, and I fucceeded in bleaching cloth without da- 
maging it. But it fpeedily became yellow by keeping,, 
efpecially if it was warmed, or paffed through an al¬ 
kaline ley. I refkdfed upon the circumdances of com¬ 
mon bleaching, and I endeavoured to imitate its pro- 

moral charadfer was amiable and refpedtable, though he ^cefs, becaufe I thought the oxygenated muriatic acid 
feems, even from a hint dropt by his biographer, to, might adf in the fame manner as the expofition of the 

Difcovery 
of the oiy 
muriatic 
acid. 

have been in a flight degree tindlured with vanity. 
But this was furely a venial weaknefs ; for where is the 

head that would be wholly unaffedfed by the fumes of 
incenfe burnt before it for fifty years ? 

BLEACHING. Since the article Bleaching in the 
Encyclopaedia was written, very great improvements 
have been introduced into the art. Of thefe improve¬ 
ments we fhall proceed to give an account. 

Mr Scheele of Sweden difeovered the oxy-muriatic 
- acid, or dephlogidicated muriatic acid, as he called it, 

about the year 1774, and foon after obferved its effedfs 
on vegetable colours. His method of procuring it was 
as follows : In a fand-bath is to be placed a glafs re¬ 
tort, in which muriatic acid lias been poured upon man- 
ganefe ; to this fmall receivers are to be adapted capa¬ 
ble of containing about twelve ounces each, into which 
is to be poured about two drachms of water, without 
any other lute than a flip of blotting-paper about the 
neck of the retort. In about a quarter of an hour a 
yellow air is perceived ia the receiver, which is to be 

taken off. If the paper has been properly applied; the 

cloth in the meadows, which alone does not fuffice, but 
which appears only to difpofe the colouring parts of 
the cloth to be diffolved by the alkali of the ley. J ex¬ 
amined dew, not only that which falls from the atmo- 
fphere, but alfo that which comes from the nodturnal 
tranfpiration of plants; and I obferved that both of 
them were impregnated with oxygen, fufficiently to de¬ 
droy the colour of paper flightly tinged with turnfol. 

“ I therefore employed leys, and the adtion of oxyge¬ 
nated muriatic acid, alternately, and I then obtained a 
permanent white ; and as, at the finifhing of the com¬ 
mon bleaching, the cloth is palled through four milky 
or through fulphuric acid diluted with a very large quan¬ 
tity of water, I alfo tried pafiing the cloth through a 
very dilute folution of fulphuric acid, and I obferved 
that the white was thereby rendered more clear.. As 
foon as I made ufe of the leys intermediately, I found 
that it was not neceffary to employ a concentrated li¬ 
quor, or to let the cloth, at every immerfiou, remain 

long therein : by this I avoided two inconveniences, 

which would have rendered this procefs impofiible to 
be 
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A Reaching, be pra&ifed in the large way. The firft is the fuffoca- 
r* w-v-- ting odour of the liquor, which it would be very incon¬ 

venient, and even dangerous, to refpire for any length 
of time, and which has difcouraged many perfons who 
tried to ufe it; the fecond is, the danger of weakening 
the cloth. 1 now alfo left off mixing any alkali with 
the oxygenated muriatic acid, as I had pradtifed in the 

great eft part of my firft trials. 
“ This is nearly the ftate in which my experiments 

were, when I made fome trials in the prefence of the 
celebrated Mr Watt. A (ingle view fufficed for a phi- 
lofopher whofe genius has been exercifed fo long upon 
the arts. In a lhort time Mr Watt wrote to me from 
England, that even in the firft operation he had bleach¬ 
ed five hundred pieces of cloth at Mr Grigor’s, who 
has a large bleacbing-ground at Glafgow, and who con¬ 
tinues to make ufe of the new procefs. In the mean 
time M. Bonjour, who had hitherto affifted me in my 
experiments, and who joins great fagacity to a moll ex¬ 
tended knowledge of chemiftry, affociated himfelf with 
Mr Conftant, at Valenciennes, in order to form an efta- 

blilhment in that city.” 
M. Caillau made a great number of experiments at 

Paris refpe&ing this new mode of bleaching ; but the 
greateft part of thefe experiments was made upon cot- 

jj] ton, which is more eafy to bleach, and does not require 
> leys fo often or fo ftrong as flax or hemp. He alfo 
“ went to St Quentin, to perform the operation upon the 

cloth of that country; but he found that all the cloths, 
which he had bleached to the fatisfa&ion of the manu- 
fadturers, became again of a reddifh colour when they 

& were expofed to a common ley, or even when they were 
II left for fome time in a warehoufe. Several fimilar com¬ 

plaints were made by other perfons; and M. Berthollet 
himfelf had obferved the fame thing in his own experi¬ 
ments. M. Bonjour, however, and M. Welter, affirmed 
that the cloth which they had bleached preferved its co¬ 
lour perfectly. M. Berthollet foon found, that the.im¬ 
perfection in his bleaching was owing to the manner in 

Ann, de which he had ufed the leys. ** I had contented my- 
II. felf (fays he), in thofe trials on fmall pieces which I 

1made in my laboratory, to pour the hot alkaline folu- 
tion into a veffel where I placed the pieces : it there 
became cool very rapidly, and therefore did not a£l 
with fufficient power; but when I let thefe pieces re¬ 
main in the liquor, which I kept nearly in a boiling 
heat during the fpace of two or three hours, they were 
then no longer fubje& to the above mentioned defe&s : 
it was therefore merely the weaknefs of the leys which 
had occafioned the accidents which were experienced by 
Meffrs Caillau, Decroilille, and myfelf. It is neceffary 
that the colour of the cloth fhould not be changed by 
the laft ley, and this is the fureft mark that the bleach¬ 
ing is finifhed ; neverthelefs, after this laft a&ion of the 
ley, it is proper to put the cloth, for a few moments, 

in the bleaching liquor. 
“ After tjiis laft immerfion, it is neceffary to plunge 

the cloth in four milk, or in water acidulated with ful- 
phuric acid. I do not know the moft convenient pro¬ 
portion of fulphuric acid; but it appeared to me that we 
might fuccefsfully, and without danger, make ufe of 
one part, in weight, of this acid to fifty of water. We 
muft keep the cloths during about half an hour in this 
liquor warmed ; after which it is proper to fqueeze 

them well, and plunge them direCtly into common wa¬ 

ter ; for if the evaporation fhould take place, the ful- Bleaching, 

phuric acid, becoming thereby concentrated, would cor- v“~V~ 
rode them. The cloths being then well wafhed, re¬ 
quire only to be dried and dreffed in the ordinary man¬ 
ner, according to their different forts. 

“ It is of the utmoft importance to take care that the 

water is not too ftrongly impregnated with the fulphu¬ 
ric acid. 

u The bleaching of cotton cloth is much eafier and 
fhorter j two leys, or at moft three, and as many im- 
merfions in the bleaching liquor, are fufficient for them* 

As they are bleached fo eafily, it is advantageous, when 
there are flaxen, hempen, and cotton cloths, to be 
bleached, to referve for the cotton the liquors which 
have beeu previoully weakened by the cloths of flax or 
hemp ; for it is economical to exhauft the liquors as 
much as poffible, and thofe which are confiderably 
weakened ftill fuffice for the cotton, although they have 
fcarcely any aCtion upon hemp or flax. 

“ Thread, in the common way of bleaching, is attend¬ 
ed with a far greater number of difficulties than cloth; 

becaufe of the immenfe number of furfaces which it is 
neceffary to prefent fucceffively to the aCtion of the at- 
mofphere. Some part of thefe difficulties occur in 
bleaching with the oxygenated muriatic acid; neverthe¬ 
lefs, in the end, it is more advantageous with refpeCt to 
thread than with refpeCl to cloth. M. Welter has form¬ 

ed at Lifle, with two partners, an eftahlilhment for 
bleaching thread, with great fuccefs, and he has already 

begun fome others. He has found that ten or twelve 
leys, and as many immerfions, are required for fome 
forts of thread ; and, that the thread may be furround- 
ed with the liquor, it is neceffary to place it, quite 
loofely, in a bafket, which permits the liquor to pene¬ 
trate to all its furfaces ; when the liquor is much weak¬ 

ened, it is ftill fit to be ufed for the bleaching of cot¬ 
ton. 

“ I had, in the beginning of my experiments, tried 
whether the vapour would not be preferable to the 
oxygenated muriatic acid in a liquid ftate, and I obfer¬ 
ved that it bleached with greater quicknefs; but, what¬ 
ever precautions I employed, it appeared to me that a 
confiderable lofs of it took place ; that thofe parts of 
the cloths which were the moft expofed to it were fub- 

je<ft to be weakened ; and that it was more difficult to 
obtain an equal whitenefs throughout. 

“ To prevent all the accidents which may refult 
from the liquor aCting with too great power, it is im¬ 
portant to have a means of meafuring its force. M. 
Decroilille thought of ufmg, for that purpofe, a folu- 
tion of indigo in fulphuric acid. He takes one part of 
indigo, reduced into fine powder, and eighteen parts of 
concentrated fulphuric acid ; this mixture is put into a 
matrafs, which is kept, during fome hours, in a water- 
bath ; when the folution is finifhed, it is diluted with a 
thoufand parts of water. To try the power of the oxy¬ 
genated muriatic acid, one meafure of this folution is- 
put into a graduated glafs tube, and fome of the liquor 
is gradually added to it, until the colour of the indigo 
is deftroyed. We muft firft determine how many mea- 
fures of a liquor, the goodnefs of which-has been afeer- 
tained by experiments made upon cloth, are neceffary 
to deftroy the colour of one meafure of the folution of 

indigo, and this number will ferve to eftimate the re- 

fpeftive ftrength of all the liquors which it may be ne¬ 
ceffary. 
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Bleaching, ceffary to compare with it. Mr Watt employs, in the 

1L v ' ' fame manner, a folution of cochineal.” 

Method (f M. Berthollet recommended the following method 
procuring of procuring the oxy-muriatic acid : “ If we have good 
the acid lor0xide of manganefe, formed in fmall cryftals, and con- 
bleathiug. taint*ng but little extraneous matter, the proportions of 

the fubftances to be fubmitted to diftillation are the fol¬ 

lowing : Six ounces of calx of manganefe reduced to 
powder; one pound of common fait, alfo reduced to 
powder ; twelve ounces of concentrated fulphuric acid, 

or oil of vitriol ; from ten to twelve ounces of water. 
“ When thefe materials are prepared, we mud care¬ 

fully qiix-the oxide of manganefe with the common fait, 
and introduce the mixture into the diftilling veffel pla¬ 
ced upon a fand bath : we muft: then pour upon it the 
fulphuric acid, previoufly diluted (and of which the heat 
occasioned by its mixture with water is difiipated), and 
immediately apply to the mouth of the matrafs the tube 
which is to condud the gas into the intermediate vef- 
fel._It mult not be forgot, that in this operation the 

lutes require particular attention. 
“ The fize of the veffels fhould be fuch, that the dif¬ 

tilling matrafs may be about one-third empty ; and, for 
the quantity above mentioned, the tub fhould hold ioo 
quarts of water; there (hould alfo be an empty fpace 
of about io quarts, in order that when the gas lodges 

itfelf in the cavities intended to receive it, the water 

may have a free fpace to rife in. 
“ Before the commencement of the operation, the 

pneumatic tub muft be filled with water. The mix¬ 
ture being made, the gas, which very foon begins to 
difengage itfelf, drives out the atmofpherical air which 
is in the apparatus ; when it is judged that the atmo- 
fpheric air has paffed into the cavities, it is to be drawn 
off by means of a bent tube, which is to be introduced 
fucceffively under each cavity : to drive out the water 
which has entered into the tube, this laft is to be forci¬ 
bly blown into. The operation is then fuffered to go 

on without fire until it is perceived that the bubbles 
come over but fiowly: then a little fire is to be applied, 
which is not to be liaftily increafed at the beginning, 
but may be gradually augmented, fo that at the end of 
the -operation the matter may be brought to a boiling 

ftate. It is known to be nearly finifhed when the tube 
by which the gas is difengaged, and the intermediate 
veffet, become hot. When the gas is difengaged only 
in a fmall quantity, the fire may be withdrawn ; and 

when the diftilling veffel retains but a gentle warmth, it 
is to be unluted, and warm water is to be poured upon 
the refidue, that it may remain in folution, and thereby 

be more eafily poured out. 
“ The operation is longer or fhorter according to the 

quantity of materials : with that above mentioned, it 
fhould laft five or fix hours; it is proper not to hailen 
it, that a larger quantity of gas may be drawn off. A 
fingle perfon is able to manage feVeral diftillations at the 
fame time ; to each of which may be given much lar¬ 
ger quantities of materials than thofe which have been 

pointed out. 
“ The intermediate veffel by degrees becomes filled 

* with a liquor, which is pure, though weak, muriatic 
acid ; neverthelefs, we may perform the operation fe- 
veral times without extracting it: but when it is fup- 
pofed that there is not fufficient empty fpace, this acid 

is to be drawn off by means of a fyphon, and, when 
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\ve have collected a fufficient quantity of it, it may be Bleaching, 
fubftituted for the mixture of vitriolic acid and com- "V*^ 
mon fait in the operation we have defcribed, if we have 
no other ufe to make of it. That there may pafs but 
a fmall quantity of muriatic acid, not oxygenated, the 
firft tube cnight to form a right angle, or even an ob- 

tufe one, with the body matrafs. 
“ During the-operation, the agitator muft be from 

time to time put in motion, to favour the abforption 
of the gas by the water ; when it is finifhed, the liquor 
is of a proper ftrength to ufe in bleaching; or we may 
put a lefs quantity of water in the tub, and then di¬ 
lute the liquor according to the proportion already men¬ 

tioned. 
“ In this ftate of concentration, although the liquor 

has a pretty ftrong odour, it neverthelefs is not hurtful, 
nor even very uupleafant, to thofe who ufe it : it is, 
however, proper to condud it into the troughs where 
the cloths are placed by means of wooden cauals, which 
are to be conneded with the faufet or tube which is at 
the lower part of the tub.”—The following is a de- 

fcription of the apparatus : 
ABCD is a reverberatory furnace, having, on a linePlateViL 

with B, many fmall openings in its circumference, tofig. i. | 

ferve as chimneys; within which, upon a fand-bath a, is 
placed a matrafs b9 the neck of which ftands out above 
the furnace, running through the opening D ; which is 
to be clofed with clay. The mouth F, of the neck of 
the matrafs, is clofed by a cork G, through the middle 
of which paffes a tube H, which forms a communica¬ 
tion between the infide of the matrafs b9 and the inter¬ 
mediate veffel K, where it alfo paffes through a cork 1, 
which clofes one of the three openings of that veffel. 
The corks G and I ought to be prepared before-hand, 
and well fitted to each end of the tube of communica¬ 
tion H, which is to be fo difpofed that it may be fitted 
in immediately after the mixture is made in the ma¬ 

trafs. 
The intermediate veffel K is about an eighth part 

full of water ; into it is plunged the tube of fafety L, 
to prevent danger from regurgitation. This tube ought 
to be fo high, that the weight of the water which en¬ 
ters into it, by the preffure of the gas, may be great 
enough to caufe the gas to pafs into the pneumatic tub 
NOP, by the tube of communication M, which is 
plunged therein, and reaches to the bottom, where it 
is bent horizontally, fo that the gas may be emitted 
under the firft of the three wooden, or (if they can be 
procured) ftoneware, cavities, or receivers, which arc 
placed in the infide of the tub, one above the other. 
O is a handle which ferves to turn the agitator E, the 
movement of which facilitates the combination of the 

gas with the water. P is a fpigot and faufet to draw 

off the liquor. 4 . 
It is neceffary to prepare the cloth by leaving it to Method el 

foak for 24 hours in water, or, which is better, in fomebleacmng' 
old ley. Afterwards it fhould be fubmitted to the ac¬ 
tion of one or two good leys; becaufe all the colouring- 
part which may be extraded by the leys would elfe, 
without any advantage, confume a part of that liquor, 
which it is important to be as fparing of as poflible. 

After this, the cloth is to be carefully wafhed ; then it 
is to be placed in the troughs, without any part being 
preffed or confined, in fuch a manner that it may be 
thoroughly impregnated with the liquor which is to 

1 

run 
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leaching, vun thereon. The troughs, as well as the tub, ought 
—v——to be conftru&ed withouc iron ; for that metal, being 

rutted by the oxygenated muriatic acid, would produce 

iron moulds, which could not be taken out but by 

means of fait of forrel. 
The firft immerfion ought to be longer than the o- 

thers ; it may be continued for three hours, after which 
the cloth is to be taken out; it is to be again Sub¬ 
mitted to the a&ion of ley, and then placed in a 
trough, that fretti liquor may be poured thereon : it is 
fufficient that this immerfion, and the following ones, 

continue half an hour. When the cloth is taken from 
the trough, the liquor is to be wrung out, it is to be 
again fubmitted to the ley, and afterwards to fretti im- 
merfions. The fame liquor may ferve until its ftrength 

is exhaufted : when it is much weakened, there may be 
fome fretti liquor added to it. When the cloth ap¬ 
pears white, except fome black threads and the lifts, it 
is to be impregnated with black foap, and then ftrong- 
ly rubbed ; after which it is to be fubmitted to the laft 
ley and the laft immerfion. We cannot determine 
what number of leys and immerfions may be neceffary, 
becaufe it varies according to the nature of the cloth : 
neverthlefs, the limits of this number are between four 

and eight for linen or hempen cloths. 
The manufacturers at Javelle, to whom M. Berthol- 

let had communicated thisprocefs, foon after publiihed, 

in different journals, that they had difcovered a parti¬ 
cular liquor which had the property of bleaching cloth 

by an immerfion of fome hours only. The change they 
had made in the procefs, performed in thleir prefence, 
confifted in putting fome alkali into the water whieh 
receives the gas ; this enables the liquor to become 
much more concentrated, fo that it may be diluted 

with feveral times its own quantity of water before it 

is ufed. 
“ Thefe are the proportions which yielded me (fays 

Berthollet), a liquor fimilar to the pretended Javelle ley: 
two ounces and a half of common fait, two ounces of 
fulphuric acid, fix drachms of calx of manganefe, and, 
in the veffel where the gas is to be concentrated, one 
pound of water, and five ounces of potafii, which ttiould 
be diffolved in the water. The Javelle liquor has a 
fomewhat reddifti appearance, occafioned by a fmall 

quantity of manganefe, which either paffes in the diftil- 
lation, becaufe an intermediate veffel is not ufed, or ex- 
ifts in the potafh; moft kinds of which contain it, as I 
have well convinced myfelf. 

“ This liquor may be diluted with from ten to twelve 
parts of water; and, after this, it bleaches more fpeedi- 
ly than the liquor itfelf; but without fpeaking of the 
imperfections of the method which is defcribed in the 
publications from Javelle, and which can only fuffice 
for cotton, we are not able to bleach near the fame 
quantity of cloth with the oxygenated muriatic acid 
combined in this manner with an alkali, as might be 
bleached with the fame quantity of that acid mixed 
with water alone ; becaufe there is formed a portion of 
that neutral fait which is known at prefent by the name 
of oxygenated muriat of potafs, and in which the oxy¬ 
gen becomes concentrated. Now all the oxygen which 
enters into the compofition of this fait is rendered ufe- 
lefs for bleaching ; becaufe the oxygenated muriat of 

potafii does not deftroy colours.” 
This method of bleaching was very'*foon adopted in 

Britain, and is now almoft univerfal among bleachers. Bleaching. 

A great many changes have been made in the procefs ; * v J 
one of the moft important of which is fubftituting lead 
veffels for wooden ones, which, befides weakening its 
aCtion exceedingly, were very foon deftroyed by the 
acid. We believe, too, that the bleachers very gene¬ 
rally add fome alkali to theacid, notwithllanding the 

ftrong objections which Mr Berthollet has made to that 
manner of bleaching. 

This method of bleaching has been found to anfwer 

remarkably well: the only objection that lias been made 
to it is, that the cloth is apt to be weakened. And 
this, no doubt, mutt be the cafe, if care be not taken 
to prevent the acid from being too much concentrated: 
but we have little doubt that, with a fufficient degree 
of caution, it will prove as fafe as any other whatever; 
and, in point of expedition, there cannot furely be any 
comparifon drawn between the old mode of bleaching 

and the new. ^ 

It remains for us now to confider whether the new Theory of 
difcoveries in chemiftry do not throw fome rays of light bleaching, 
upon the theory of bleaching ; for it is only by per- 

feCting the theory that we can advance with certainty 
in our practical improvements. 

It has been already obferved, in the article Bleach¬ 

ing [Encycl.), that cloth, after being bleached, was a 

good deal lighter than it had been before that opera¬ 
tion : It follows, therefore, that it mult have been de¬ 
prived of fomething during the bleaching. Cloth bleach¬ 
ed by means of the oxy-muriatic acid likewife under¬ 
goes a lofs of weight; io that, in all probability, both ^ 
modes aCt in precifely the fame manner. 

If raw linen or thread be boiled in a folution of cau- 
ftic alkali, properly diluted, it gives out fomething which 
tinges the ley of a deep brown, and at the fame timo 

the alkali lofes its caufticity. If the linen be boiled in 
another fimilar folution, it communicates the fame co¬ 
lour, and even a third may be fiiglitly tinged ; but af¬ 
ter this, alkalies, unlefs fo much concentrated as to in¬ 

jure the texture of the cloth, have no effeCt on it- 
whatever. If the linen be now plunged into oxy-mu- 
riatic acid, properly prepared, and allowed to remain 
till it begins to become white, and then plunged into 
an alkaline ley, the alkali lofes its caufticity, and af- 
fumes the fame deep colour that the firft ley did. Here, 
then, we have two alkaline folutions; the one faturated 
wa’th colouring matter before the aCtion of the oxy-mu¬ 
riatic 3cid on the linen, the other after it. When thefe 
folutions are faturated with an acid, a yellow-coloured, 
precipitate is obtained, which when dried affumes the 
appearance of a black powder. Precifely the fame fub- 
ftance is obtained from both folutions. This colouring 
matter is almoft infoluble in water. Pure or cauftic 
potafs diffolves about double its own weight of it; car- 
bonat of potafs not fo much. 

Hence we fee the ufe of alkalies in bleaching. The 
colouring matter is not foluble in water, but part of it 
is foluble in alkali. However, after the alkali has ex¬ 
haufted all its power, the linen is not white : colouring 
matter therefore exifts in it, which alkalies cannot aCt 

upon. But after being plunged in oxy-muriatic acid, it 
alfo becomes foluble in acids. Here, then, is the ufe of 
that acid in bleaching—it communicates fomething to 

the colouring matter which renders it foluble in alkali. 
This fomething, we have already fcen, is oxygen. It 

follows,. 
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Bleaching, follows, therefore, that before the greater part of the 

v-colouring matter of linen can be extra&ed by alkalies, 
it mull be combined with oxygen. Jt is in producing 
this combination that the ufe of the expofure to the 
fun and air confifts ; and it is becaufe the oxy-muriatic 
acid produces it alrnoft inftantaneoufly, that the new 
mode of bleaching is fo much more expeditious than 

the old. 
If into the alkaline folution of the colouring matter 

lime-water be poured, there takes place a copious pre¬ 

cipitate, which confifts of the lime and colouring mat¬ 
ter combined. Lime, therefore, has a ftronger affinity 

for the colouring matter than alkali has ; and as the 
compound of lime and the colouring matter is not very 
foluble in water, lirne-water might be ufed to deprive 

the alkaline ley of the colouring matter which it has 
imbibed ; after which it might be ufed again. Care, 
however, mull be taken, that no lime-water remains in 

the ley ; otherwife it might precipitate and fix the co¬ 
louring matter on the linen, after which it would be ve- 

6 ry difficult to remove it. 
Nature of From an alkaline ley, faturated with the colouring 
the colour- matter of linen yarn, Mr Kirwan, by means of muriatic 
ing matter ac^ precipjtated the colouring matter. He found it to 
of linen. ^offefs thc f0H0wl*ng properties ; When fuffered to dry 

for fome time on .a filter, it affumed a dark green co- 

Jrijb Tranf.lour, and felt fomewhat clammy like moift clay. “ I 
1789. took (fays he) a fmall portion of it, and added it to 60 

times its weight of boiling water, but not a particle of 

it was diffolved. The remainder I dried in a fand heat; 
it then a (fumed a ffiining black colour, became more 
Brittle, but internally remained of a greeniffi yellow, 

and weighed one ounce and a half. 
“ By treating eight quarts more of the faturated ley 

in the fame manner, I obtained a further quantity of 

the greeniffi depofite; on which I made the following 

experiments: ..... 
“ id, Having digefted a portion of it in re&ified fpi- 

rit of wine, it communicated to it a reddiffi hue, and 
was in a great meafure diffolved : but by the affufion 
of diddled water the folution became milky, and a white 
depofite was gradually formed ; the black matter diffol- 

ved in the fame manner. 
« 2dly, Neither the green nor the black matter was 

foluble in oil of turpentine or liufeed oil by a long-con- 

tinued digedion. 
“ 3dly, The black matter being placed on a red hot 

iron, burned with a yellow flame and a black fmoke, 

leaving a coaly refiduum. 
“ 4thly, The green matter being put into the vitri¬ 

olic, marine, and nitrous acids, communicated a brown- 

iffi tinge to the two former, and a greeniffi to the lat¬ 

ter, but did not feem in the lead diminiffied. 
“ Hence it appears, that the matter extra&ed by al¬ 

kalies from linen yarn is a peculiar fort of refin, different 
from pure refins only by its infolubility in effential oils, 
and in this refpedt refembling lacs. 1 now proceed to 
examine the power of the different alkalies on this fub- 
dance. Eight grains of it being digeded in a folution 
of crydallized mineral alkali, faturated in the tempera¬ 

ture of 6o°, indantly communicated to the folution a 
dark brown colour; two meafures (each of which would 
contain 11 pennyweights of water) did not entirely dif- 

folve this fubdance. Two meafures of the mild vege¬ 

table alkali diffolved the whole. 
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“ One meafure of caudic mineral alkali, whofe fpeci- BleacTnng. 

fie gravity was 1,053, diffolved nearly the whole, lea- '■—"V*-* 
ving only a white refiduum. 

“ One meafure of caudic vegetable alkali, whofe fpe- 
cific gravity was 1,039, diffolved the whole. 

“ One meafure of liver of fulphur, whofe fpecific gra¬ 
vity was 1,170, diffolved the whole. 

“ One meafure of caudic volatile alkali diffolved alfo 
a portion of this matter.” 

The colouring matter of cotton is much more foluble 

in alkali than that of linen ; hence the greater facility 
with which cotton is bleached. 

From thefe obfervations, the great importance of al¬ 
kalies in bleaching, and the neceffity of regulating the 
drength, and afeertaining the purity, of the leys made 

ufe of, mud be apparent. Manufa&urers, therefore, lie 
under very great obligations to Mr Kirwan, who has 
lately examined the alkaline matters ufed in bleaching 

with his ufual accuracy and abilities. The refult of his 
experiments was as follows: 

Table of the quantity of mere alkali in 100 Avoirdupois jrijb Tratf 
pounds of the following fubjlanccs. 1789. 

One hwidred lbs, 
Crydallized foda 
Sweet barilla 
Mealy’s cunnamara kelp 
Ditto defulphurated by fixed air 

Strangford kelp 

One hundred lbs. 
Dantzic pearl affi 
Clarke’s refined affi 

Caffiup 
Common raw Iriffi weed-affi 

Ditto flightly calcined 

Mineral Alkali. 

20 lbs. 

24 

3> 437 
4>457 
1,25 

Vegetable Alkali. 
63,33 lbs. 

26,875 

19,376 
1.666 

4.666 

When linen is allowed to remain for fome time fa 

oxy-muriatic acid, it becomes white. It is evident, then, 
that when the colouring matter of linen is faturated 
with oxygen, it becomes colourlefs : But linen bleach¬ 
ed in this manner very foon becomes yellow, efpecially 
when expofed to heat. Bertholiet, to whofe ingenious 
experiments and obfervations we are indebted for the 
greater part of the above remarks, has given the fol¬ 
lowing explanation of the caufe of this change : He 
diddled the colouring matter of linen, and obtained a 

thick oil, a little ammonia, and of carbon remain¬ 
ed behind. The oil contained carbon ; and he fuppo- 
fed that carbonic acid gas, and carbonated hydrogen 
gas, were-difengaged. He concluded in confequence, 
that one-third of this colouring matter was carbon. 
The Other ingredient in the oil was hydrogen ; for La- 
voifier has proved that oil is compofed of oxygen and 
hydrogen. The colouring matter of linen, then, is 
compofed principally 01 carbon and hydrogen. 

Oxygen combines with hydrogen at a lower tempe¬ 
rature than it does with carbon ; for if a confiderable 
quantity of oxy-muriatic acid be mixed with a folution 
of fugar (a fubftance which confifts chiefly of carbon 
and hydrogen), and the liquor be evaporated, there 
remains behind little elfe than carbon, the hydrogen 
having combined with oxygen and formed water, which 
had paffed off in the form of vapour. Now, whenever 

a quantity of hydrogen is feparated from a body prin¬ 
cipally 
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Bleaehing. cipally compofed of hydrogen and carbon 
v-jr‘iTTn 1 affumes a brown or yellow colour, becaufe the carbon 

becomes predominant ; and this colour becomes the 
deeper the greater the proportion of the carbon is, com¬ 

pared to that of the hydrogen ; and at laft, when no¬ 
thing but carbon remains, it becomes quite black. 

It is probable, then, that when the oxy-muriatic a- 
cid renders linen white, a quantity of oxygen has com¬ 
bined with the colouring particles ; but that this oxy¬ 
gen gradually enters into a combination with the hy¬ 
drogen, and forms water which paffes off; that then the 
carbon becomes predominant, and the linen in confe- 

quence affumes a yellow colour*. 
The fame method does not fucceed in bleaching 

* y wool and filk which anfwers for linen and cotton. One 
Bleaching would be difpofed to think that thefe fubftances are 
of wool and bleached rather by lofing oxygen than by abforbing it. 
filk. Wool, for inflance, is rendered white very quickly when 

expofed to the fumes of fulphurous acid, which we 
know has a ttrong affinity for oxygen, and foon fatu- 
rates itfelf with it. But what paffes during the whiten- 
ing of animal matters has never yet been properly 
inquired into, though it would not only greatly eluci¬ 
date bleaching^ but dyeing likevvife, and throw much 
light upon feme of the obfeureft parts of chemiftry. 
A great improvement, however, has lately been made 
by M. Baume in the manner of bleaching hlk. Of this 
improvement we fhall proceed to give an accountf. 

Before the filk is wound off the cocons in which the 

xvif* worms are enclofed, it is neceffary to kill the in- 
156. and a- faffs, otherwife they would in all probability eat thro* 
bridged in it and deftroy it. This is commonly done by expofing 
KMfon's the COCOns, properly wrapped up, for two hours to the 

3*7frrm * ^eat a^out xj8 degrees of Fahrenheit in an oven ; 
which laft after which they are kept for a certain time in a mafs 
we have ra- to preferve their beat, and effedlually deftroy fuch of 
ken our ac-the infe&s as might have efcaped the power of the 

oven. The effedl of this procefs is, that the tilk is 
New mode hardened, and is more difficult to wind off than before, 
of wh ten- Hence the prodndl of filk is lefs by one ninth part in 
ing fiik. quantity, and inferior in quality to what might have 

been obtained by winding off without this previous ba¬ 

king. M. Baume, not only from thefe views, but like- 
wife becaufe the filk which has not been baked proves' 
fufceptible of a greater luftre, was induced to deftroy 
the chryfalis by fpirit of wine. For this purpofe he 
difpofes them in a wooden box in a ftratum fix inches 
deep : upon each fquare foot half a pint of fpirit of 
wine is to be fprinkled with a fmall watering-pot made 
for that purpofe. The liquid is to be equally diftribu- 
ted, but it is not neceffary that all the cocons ftiould 
be wetted. They are then to be mixed by hand. In 
the next place another ftratum is to be formed over the 
firft, nearly of the fame depth, which is to be fprinkled 
and treated as before. By this method of proceeding, 
the box becomes filled, and muff then be covered, and 
left for 24hours; during which time they become fpon- 
taneoufly heated to about .100 degrees, and the vapour 
of the fpirit of wine exerts itfelf with wonderful activi¬ 
ty. After this treatment they muff be fpread out to 
dry, which happens in a fhort time, and is abfolutely 

^neceffary previous to winding off. 
The fpirit of wine to be ufed in this operation ought 

to be of the fpecific gravity .847, at the temperature of 
55 degrees. It is of the greateft importance to ufe that 
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that body fpirit only which has been kept in veffels of glafs, of Bleaching, 

tinned copper, or of pure tin. Leaden veffels are abfo-'““ 
lutely to be rejected ; wooden veffels tinge the fpirit, 
which gives the filk a degree of colour of confiderable 
permanency, and very inimical to the bleaching procefs. 

The filk is wound off upon a reel, while the cocons 
are kept immerfed in water almoft boiling. Upon this 
part of the procefs M. Baume remarks, I. That the 
dead cocons muff be feparated. Thefe are known by 
the brown or black fpots on their fmface. 2. That 
well-water, which on account of its clearnefs is almoft 
univerfally ufed in the lilk manufactories, moftly con¬ 
tains nitre, and is extremely prejudicial to the bleaching 
procefs. The prefence of nitrous acid gives a yellow- 
colour, which refills bleaching and even fcouring ; he 
therefore recommends river.water. 3. In fome coun¬ 
tries a fmall quantity of alum is ufed. Neither this nor 
any other faline fubftance is of the leaft advantage to 
the colour, beauty, or quality of the filk. 

At the four places of contaCt of the filk upon the 
reel, all the threads ftick together. It is abfolutely ne¬ 
ceffary that this ffiould be remedied. The method con- 
fills in foaking the filk in a fufficient quantity of warm 
water, at about 90 degrees, for about two hours ; after 
which the threads are to he feparated by opening the 
hanks upon a pin, and lightly rubbing the parts which 
cohere. When the filk is dry, it is to be loofely folded 
in its original form, and is ready for bleaching. 

The filk while wet is foft, and part of its gummy 
matter is in fuch a Hate, that its threads would readily 
adhere, if wrung while warm for the purpofe of clearing 

it of the water. After fuch improper treatment there 
would be no other remedy than to foak it again in warm 
water. 

The apparatus for bleaching the filk con fills of a 
ftone-ware veffel, nearly of a conical form, capable of 
holding about 12 gallons, having a large opening at the 
one end, and a- fmaller of about an inch diameter at 
the other end. Common pottery cannot be ufed in 
this operation, becaufe it is foon rendered unferviceable 
by the adlion of the muriatic acid, and the ftone-ware 
itfelf is not vety durable. This veffel mull be carefully 

examined,to afeertain that it does not leak in the flighted: 
degree ; after which the infide is to be rubbed with a 
pumice-ftone,. to clear it of afperities which might break 
the threads. A cover of the fame material is to be fit¬ 
ted on by grinding ; and the fmaller aperture, which in 
the ufe is the lowefl, is to be clofed with a good cork, 
in the middle of which is thrull a fmall glafs tube about 
a quarter of an inch in diameter; this is likewife Hop¬ 
ped with a cork, excepting at the time when it is requi¬ 
red to draw oft’ the liquid contents of the jar. A fmall 
perforated falfe bottom is placed within the veffel, to 
prevent this tube from being obftru&ed. 

Six pounds of yellow raw filk are to be difpofed in 
the earthen pot ; upon this is to be poured a mixture, 
previoufly made, of 48 pounds of fpirit of wine of the 

fpecific gravity .867> with 12 ounces of very pure ma¬ 
rine acid, abfolutely exempt from all prefence of nitrous 
acid, and of the fpecific gravity 1.114. The Pot 
then to b’e covered, and the whole left in digeftion till 
the following day, or until the liquor, which at firft af¬ 
fumes a fine green colour, fhall begimto affume that of 
a dufky brown. 

The acidulated fpirit is then to be drawn off, clean 

M fpirit 
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Bleaching, fpirit of wine poured upon the filk, and drawn off re- 

peatedly until it paffes colourlefs. The filk is then fuf- 
fered to drain without ftirring it. In this ftate it is 

ready for a fecond infufion. 
Forty-eight pounds of fpirit of wine, acidulated with 

T 2 ounces of marine acid, are now to be poured on the 
filk, and the whole fuffered to remain for 24 hours or 
longer, until the filk becomes perfe&ly white. The 
time required for this fecond infufion is commonly long¬ 
er than for the firff : it fometimes amounts to two, 
three, or even fix days, according to circumftances, par¬ 
ticularly the temperature and the nature of the iilk. 
Silk which has been in the oven is in general more dif¬ 

ficult to bleach. 
When the filk has thus obtained its utmoft degree of 

whitenefs, the acidulated fpirit is to be drawn off into a 
feparate veffel. This fluid is but (lightly coloured, and 
may he ufed again in the firff infufion of other yellow 
filk, with the addition of fix ounces more of marine 
acid. The receiving veffel is to be removed, and ano¬ 
ther clean veffel fubflituted in its place. The filk is 
then fprinkled with clean fpirit, and occafionally preffed 
down with the hand. As foon as the fpirit of wine 
comes off abfolutely colourlefs, a third infufion is to be 
made by pouring upon the filk 48 pounds of the pure 
fpirit without acid, which is to remain till the follow¬ 
ing day: it is then to be drawn off, and referved for 

waffling other filk after the firff infufion. 
After the filk has been left to drain, and affords no 

more fpirit, it ftill retains its own weight of that fluid. 
This is recovered by fprinkling the filk with a fmall 
quantity of very clear river-water at a time. While 
the water applies itfelf and fqbfides along the filk, it 
drives the fpirit of wine before it, fo that the firff por¬ 
tions which flow from the tube are fcarcely diminifhed 
in ftrength. The addition of water is to be continued 

until nothing but mere water comes off below. 
In this fituation the filk is found to be well bleached, 

hut ftill retains a portion of marine acid fufiicient to 
render it harfh to the touch, and after a time brittle. It 
muff be wafhed off with water. The beft method is to 
put the filk loofely into a coarfe woollen bag, which is 
to be fecured loofely in another cloth like a fmall bed or 
pillow, then placed in a bafket, and left in a running 
ftream for five or fix hours ; but where the convenience 
of a ftream is wanting, the earthen pot containing the 
filk is to be covered with a cloth, and water pumped 
through it for five or fix hours, or until that which if- 
fues from the lower aperture gives no red colour to the 
tin&ure of turnfol. At this period the lower opening 
is to be clofed, and the veffel filled with water, which 

muff be changed once or twice in 24 hours. 
Though the mineral acids are the moft powerful and 

deftru&ive of all faline fubftances, yet they may be ap¬ 
plied to filk when diluted with fpirit of wine in very 
confiderable dofes. In trials made to afcertain the maxi¬ 
mum, two ounces of marine acid were added to one 
pound of fpirit of wine, without altering the filk. Two 
drams of marine acid caufe a very perceptible alteration 

in one pound of filk. 
Spirit of wine which has been mixed with nitrous 

acid cannot be ufed in bleaching, even though after¬ 
wards re&ified upon an alkali, becaufe it ftill retains a 
portion of nitrous gas. Pure fpirit of wine without 

acid extra&s a fine yellow colour from filk, which does 
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not feparate for years, even though expofed to the fun’s Bleaching 
light. Yellow filk expofed to the fun, lofes its colourv~ 
in a fhort time. The acidulated fpirit which has been 
ufed in the infufion of filk, is changed by expofure to 
the fun, but not in fuch a manner as to be rendered fit 
for ufe a fecond time. In order to obtain a beautiful 
white colour, it is cffential that the filk fhould be im- 
merfed in a large quantity of the fluid, efpecially at the 
firff infufion. Without this management it would be¬ 
come neceffary to make three infulions in the acidula¬ 
ted fpirit. When the firff infufion is well managed, 
the filk will have loft all its yellow colour, and become 
confiderably white, at the fame time that the liquor will 
have begun to change colour a little. As long as it 
continues of a fine green, it is certain that it has not 
exhaufted its whole aCtion upon the filk. The duration 
of this firff infufion may be longer or fhorter, without 
inconvenience, according to the temperature. When 
the temperature is at 770 of Fahrenheit, the firff infu- 
fion is often made in 10 or 12 hours. In fmall experi¬ 
ments the beat of the atmofphere may be fupplied by 
the water bath ; in which cafe all the infufions are ea^ 
fily made in the courfe of a day. 

When the firff infufion is finifhed, and the liquor 
drawn off, the filk appears greenifh ; the fubfequent 
wafhings in fpirit of wine clear it of the liquor it re¬ 
tained. This fprinkling fhould be made with the wa¬ 
tering pot, otherwife the quantity poured will be great" 
er, and the management more wafteful. 

Pieces of gauze and entire garments of filk have been 
fuccefsfully bleached in this way. 

The fineft natural white filks are rendered infinitely 
whiter by this procefs. Spirit of wine alone has the 
property of depriving yellow filk of its colour, which it 
brings to the ftate of the naturally white filk. In this 
Hate the filk is difpofed to acquire a greater degree of 
brightnefs by a fingle infufion in the acidulated fpirit. 

This procefs lias its advantages over the other, to which 
it is alfo inferior in certain refpe&s ; concerning neither 
of which the author has entered into any detail. 

The colouring matter was found to be a refin per¬ 
fectly animalized, affording by diflillation the fame pro¬ 
ducts as other animal matters, and the concrete volatile- 

alkali. 
Silk whitened by fcouring may be dried freely in the 

aiv without affeCting its luftre. This is not the cafe, 
with the filk bleached in the gum : if it be left at li¬ 
berty to dry in the air, it refembles white flax without 
any luftre. The beauty of this filk confifts in its fhining 
brilliancy; to fecure which it muff be dried in a ftate of 
tenfion. Mr Baume has contrived a fimple machine for 
this purpofe. It confifts of a ftrong fquare frame of 
wood Handing upright upon feet : the upper horizon¬ 
tal bar is fix feet long, and has fix iron pins driven 
through it at equal diflances, fo as to projeCt on each 
fide for the purpofe of receiving twelve bobbins. The 
lower horizontal bar is moveable up and down in a mor¬ 
tice, by means of a fcrew at each end : it is furnifhed 
with fix holes adapted to receive as^many pins to cor- 
refpond with thofe above. The fkains of filk are to be 
dreffed and arranged upon wooden pins, as they are 
taken out of the fack from waffling. As foon as there 
are twelve together, they are to be wrung with a ftaff \ 
after which the fkains are to be hung one by one upon, 

as many bobbins put upon the upper pins of the fquare 
frame * 



recovering 

the alcohol 

ufed, 

B L E [9 
Bleaching, frame. Another bobbin with tails is to be inferted in 

Jthe lower loop of the fkain, and faftened to the corre- 
fponding pin of the lower bar, by means of a ftrap and 
hook, which need not be defcribed to fuch as are flight* 
lv acquainted with mechanical objedls. When the ma¬ 
chine is thus fupplied with Ikains on both Tides, the 
lower bar of the frame is to be prefled down by the 
fcrews until the filk is moderately ftretched. When it 
is dry, the fcrews are to be equally flackened, the fkains 
taken off and folded with a flight twill, that they may 
not become entangled. 

To complete the defcription of this procefs, it only 
remains to fhow how to recover the alcohol, and enfure 

9 the purity of the acids made ufe of. 
Method of The alcohol which has been ufed in bleaching filk is 

acid, and loaded with colouring matter. In this ftate 
it cannot be again ufed. There are two methods of 
diddling it which have their refpe£tive advantages and 

inconveniences. 
By the firft the acid is loft ; which is faturat;ed with 

potafs, in order that the diftillation may be afterwards 
performed in a copper alembic. A folution of potafs 
is to be poured into the acid fpirit, and ftirred about to 
promote the faturation. Carbonic acid is difengaged 
with flrong effervefcence from the alkali; and the point 
of faturation is known by the ufual tell, that the fluid 
does not redden the tin&ure of turnfol. The diftilla¬ 
tion is then to be made in the copper alembic, and the 
alcohol referved in proper veflels. 

In the fecond procefs for diftilling without alkali, the 
acid fpirit is diftributed into a great number of glafs re¬ 
torts, placed in the fand bath, on the gallery of a fur¬ 
nace. The firft product is fcarcely acid ; but what 
follows is more and more fo, and muft be kept in vef- 
fels of glafs or ftone-ware, which become embarrafltng 
on account of their number. The fluid which remains 
in the retorts has the colour of beer flightly turbid, and 
contains the greateft part of the marine acid. It muft 
be poured into one or more retorts, and concentrated by 
heat gradually applied. The firft liquor which comes 
over is flightly red, turbid, and fcarcely acid. This is 
to be thrown away, and the receivers changed. The 
fncceeding produdl is the colourlefs marine acid, of an 
aromatic fmell refembling the buds of poplar. The re- 
fm of the filk remains in the retort decompofed by the 
acid. The marine acid thus obtained is weaker than it 
originally was ; which is in fad of little confequence, 
as it is pure, and may be fafely ufed, either by increa- 
flng the dofe proportional to its dimini(hed ftrength, or 
by concentrating it if required in the ufual way. If 
this diftillation be made in a filver alembic, inftead of 
retorts of glafs, and a capital and worm of pure tin be 
annexed, the alcohol will be obtained fo flightly acid as 
fcarcely to redden the tin&ure of turnfol ; but it is 
fufficiently acid to receive injury if preferved in a cop¬ 
per veffel. 

As to the acid, Mr Baume obferves that the muria¬ 
tic acid of commerce is unfit for the purpofe. It was 
formerly prepared with the marine fait of the faltpetre 
manufacturers ; and even when it is made with good 
fait, the decompolition is effeded with common vitrio¬ 
lic acid which contains nitrous^ acid. Marine acid 
mixed with a fmall quantity of nitrous acid does not 
prevent the filk from being beautifully whitened : it 

even accelerates the procefs confiderably, and in the moft 

10 
And of pre¬ 
paring a 
pure mu¬ 
riatic acid. 
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fatisfadory manner. But the alcohol, every time it is Bleaching* 

ufed and redified, becomes charged with the acid and 
gas of nitre, which aflume the charaders of the nitrous 
anodyne liquor. In this ftate neither diftillations nor 

repeated redifications from alkali are fufficient to fepa- 
rate the nitrous matter from the alcohol. Then it is 
that the fuCcefs of the operator vanifhes, with a degree 
of rapidity equal to the advances which encouraged his 
hopes at the commencement. 

To purify common fulphuric acid, 100 pounds of it 
are to be mixed in a large bafon of copper with the fame 
quantity of river-water, and ftirred with a wooden fpa- 
tula. The mixture inftantly becomes heated to the 
boiling water point, and a great quantity of red vapour 
is difengaged, which has the fmell of aqua-regia, and 
arifes from the nitric and muriatic acids. When this 
mixture is made, it is proper to immerfe the bafon to a 
fuitable depth in a large veflel of water, to haften the 
cooling. As foon as it is fufficiently cooled, it is to be 
drawn off into bottles, and left to become clear during 
feveral days. It is in the next place to be decanted, 
and conveyed into retorts by a fyplion funnel, and the 
rectification proceeded upon until it becomes perfectly 
white. Towards the end of the operation a fmall quail- * 
tity of fulphur fublimes in the neck of the retort. In¬ 
ftead of receivers, a fmall glafs cup is placed beneath 
the aperture of each retort, in order to facilitate the dif- 
fipation of the nitric and muriatic acids. When the 
acid in the retorts is fufficiently cooled, it is poured a 
fecond time into the copper bafon, and mixed with 100 
pounds of river-water, as at firft, and again concentra¬ 
ted in the retorts till it becomes perfectly clear. The 
muriatic acid is to be difengaged from common fait 
by the application of this acid in the ufual manner. Ix 

The oxy-muriatic acid is alfo ufed very generally for Bleaching 
bleaching paper, or rather the fluff out of which paperPaPer» 
is made. It has been alleged, and we believe with fome 
truth, that fince this mode of whitening paper was in¬ 
troduced into this country, the ftrength of paper is 
much inferior to what it was formerly. If this be 
really the cafe, perhaps it is owing to the ufe of too 
concentrated an acid. 

We (hall finifh this article with Mr ChaptaPs account 
of this procefs, who was the firft perfon that introduced 
rt. “ Blotting paper (fays he), by being put into oxy¬ 
genated muriatic acid, is bleached without fullering 
any injury ; and rags of coarfe bad cloth, fuch as are 
ufed in the paper manufactories to make this kind of 
paper, may be bleached by this acid, and will then fur- 
nifh paper of a very fuperior quality. I bleached by it 
an hundred weight of pafte, intended to be made into 
blotting paper, and the increafe of value in the product 
was computed at 25 per cent, whereas the expence of 
the operation, when calculated in the ftri&eft manner, 
amounted only to 7 per cent. l% 

“ The property pofTeffed by this acid, of bleaching Mode of 
paper without injuring its texture, renders it very va- whitenin£ 
luable for reftoring old books and fmoked prints. The°id boolw» 
latter, when difcoloured to fuch a degree that the fub- 

je£l of them could hardly be diftinguiflied, were re-efta- 
blifhed and revived, in fo aftonifhing a manner that they 
appeared to be new'; and old books, foiled by that yel¬ 
low tinge which time always produces, may be fo com¬ 
pletely renewed, that one might fuppofe them to be 

juft come out of the prefs. The Ample, immerfion of a 
M print 
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Bleaching print in oxygenated muriatic acid (leaving it therein a 

II longer or a ihorter time, according to the (Irength oi 

, Boir- the liquor) is all that is required for bleaching it ; but 
v when a book is to be bleached, fome farther precau- 

tions are to be ufed. As it is nectflary that the acid 
fhould wet every one of the leaves, the book mull be 
completely fpread open, and then, by letting the boards 
of the binding red upon the fides of the veffcl, the pa- 
per only will be immerfed in the liquor. If any of the 
leaves (tick together they mull be carefully feparated, 
that all of them may be equally impregnated. The li¬ 
quor takes a yellow tinge, the paper grows white ; and 
after two or three hours the book may be taken out of 
the liquor, and foaked in clean water, which fhould 
be changed from time to time, in order to wafh out 
the acid with which the book is impregnated, and 
alfo to deprive it of the difagreeable fmell it has con- 

traded. . , _ n T , r 
tt The above method, which is the firfl I made ule 

of, has generally fucceeded pretty well: too often, how¬ 
ever, the leaves of my books have had a motley appear¬ 
ance, and fometimes feveral pages were not at all bleach¬ 
ed ; I was therefore obliged to have recourfe to the 
following more certain procefs.^ I begai) by unfewing 
the books, and reducing them into fheets; thefe fheets 
J placed in divifions made in a leaden veffel, by means 
of thin flips of wood, fo that the leaves when laid 
flat were feparated from each other by very fmall inter¬ 
vals. I then put the acid into the veffel, pouring it 
againfl the fide, that the leaves might not be diflurbed; 
and when the operation was finifhed, I dre\y off the 

acid by means of a cock fixed in the bottom of the 
veffel. I then filled the veffel with clean water, which 
wafhed the leaves, and took off the fmell of the oxyge¬ 
nated acid. They may then be dried, fmoothed, and 
new bcund. In this manner I have reftored many va¬ 
luable books, which had become worthlefs from the bad 

Hate they were in. 
13 When I had to bleach prints fo torn to piece3 

^Vnd prims.that they confiflefi only of fragments fitted together, 

and pafled upon paper, I was afraid I might lofc fome 
of thefe fragments in the liquor, becaufe they fepaiate 
frpm the paper by the foftening of the pafle : in that 
cafe therefore I took the precaution of enclofing the 
print in a large cylindrical bottle, which I turned upfide- 
down, fixing its mouth to that of a veffel in which I 
had put a mixture proper for difengaging oxygenated 
muriatic gas. This gas fills the infide of the bottle, and, 
a£ing upon the print, takes off the flams, ink-fpots, 
&c. while the fragments remain pafled to the paper, 

and confequently keep their refpeaive places.” 

BLOCKS {Encycl. Plate XCV. fig. 5.) *>eP£e“ 
fents a fingle block, and b, c, two double ones of diffe¬ 
rent kinds, without flraps ; e, /, two double tackle 
blocks, iron bound, the lower one,^ being fitted with 
a fwivel ; g, a double iron block with a large hook ; 
h, a fmall block ; i, a top block ; k, a voyal block ; /, 
a clew garnet block ; tn, the cat block, employed to 
draw the anchor up to the cat-head. See C^r-Heads, 

Encycl. r , 
Cape or Large Snouted BOAR, a fpecies of the 

genus Sus, which, according to M. Vaillant, differ^ 
from every known fpecies, and has not been accurately 
defcribed by any writer of natural hiftory. Buffon, in¬ 

deed, ip the Supplement to his Hiftory of Quadrupeds, 

Boar, 
Bonnet, 

has given a figure of it; but nothing like the head of 
the animal is discoverable, fays our author, in that fi-, 
gure, all its chara&eriftics having been omitted by the 
draughtfman. M. Vaillant,. during his lall travels inP*ateYlU 

Africa, fliot a monflrous boar of this fpecies on the 
banks of Fifh river, and in the country of the Greater 
Niauqvas. He defcribes it in the following terms : 
Its fnout, inflead of being taper and in the form of a 
probofcis, is, on the contrary, very broad and fquare at 
the end. It has fmall eyes, at a very little diflance 
from each other, level with the furface, and near the 
top of the forehead. On each cheek a very thick carti¬ 
laginous fkin projects horizontally, being about three 
inches long and as many broad. At firft fight you 
would be tempted to take thefe excrefcences for the 
ears ; particularly as the real ears of the animal, flicking 
as it were to the neck, which is very fliort, are partly 
concealed by an enormous mane, the bridles of which, 
in colour red, brown, and greyifh, are 16 inches in 
length on the {boulders. L)ire£lly below thefe falfe- 
ears is a bony protuberance on each fide, projecting 
more than an inch, ferving the animal to llrike with to 
the right and left. The boar has, befides, four tufks, 
of the nature of ivory, two in each jaw : the upper ones 
are feven or eight inches long ; very thick at the bafe^ 
and terminating in an obtufe point, grooved, and rifing 
perpendicularly as they iffue from the lips: the lower 
ones are much fmaller, and fo clofe to the upper ones 
when the mouth is (hut, that they appear as one. The 
head is a ,truly hideous objedl. It is fcarcely lefs fo than 
that of the hippopotamus, to which at firft view it ap¬ 
pears to have a finking refemblance. Syflematifls, ac- 
cuftomed to view nature only according to rules efta- 
blifhed by themfelyes, will be far from acknowledging 
this animal to be a boar 5 for not to mention its large 
fnout, it wants incifive teeth in both jaws. Notwith- 
flanding its wide muzzle, it ploughs up the earth to 
feek for roots, on which it feeds. \t is very afiive, 
though large and bulky ; running with fuch fpeed, that 

the Hottentots give it the name of the runner. 
BONNET (Charles), was defcended from a French* 

family, who being compelled, on account of their reli¬ 
gious principles, tp emigrate from their native country,, 
eftablifhed themfelves at Geneva in the year 1572. His 
grandfather was advanced to the magiftracy in that ci¬ 
ty, and adorned by his integrity an eminent flation. 
His father, who preferred the ftation of a private citi¬ 
zen, paid unremitted attention to the education of his 
fon, who was born on the 13th of March 1720 ; and 
Charles, at a very early period, recompenfed his father’s 
affiduity, by the amiablenefs of his difpofition, and the 
rapid progrefs he made in general literature. When lie 
was about 16 years of age, he applied himfelf, with 
great eagernefs, to the perufal of Le Speftqcle cle la Na¬ 
ture ; and this work made fuch a deep imprefiion on his 
mind, that it may be faid to have dire&ed the tafle and 
the fludies of his future life. What that publication 
had commenced, was confirmed by the work of La 
Pluche; but having accidentally feen the treatife of 
Reaumur upon infefis, he was in a tranfport of joy. 
Fie was very impatient to procure the book; but as the 
only copy in Geneva belonged to a public library, and 
as the librarian was reluftant to intrufl it in the hands 

of a youth, it was with the Utmpft difficulty that he 

could phtafii h^ each ^ 
By 
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3onnet. By the poffefUon of this treafure, our affiduous youth 

vvas enabled to make feveral new and curious experi¬ 
ments, which he communicated to Reaumur himfelf; 
and the high applaufe he gained from fo great a natu- 

ralift added frefh vigour to his affiduity. 
In compliance with his father’s delires, he applied 

himfelf, though with much relu&ance, to the ftudy of 
the law. The works of Burlamaqui pleafed him the 
moft, on account of the perfpicuous and philofophic 
manner in which the fubjeft was treated : the inftitutes 
of Heineccius gave him fome courage alfo, as he per¬ 
ceived order and connection ; but the Roman law terri¬ 
fied him as the hydra of Lerna. Notwithftanding his 
application to thefe authors, he ftill continued attached 
to natural hiftory, and was very adtive in making expe¬ 
riments. The experiments which demonftrate that tree- 
lice propagate without copulation, was communicated 
by Reaumur to the Academy of Sciences; and this cir- 
cumftance occafioned an epiftolary correfpondence be¬ 
tween M. Bonnet and that great naturalift. This was 
doubtlefs very flattering to a youth of twenty years. 
The letter of Reaumur was accompanied with a pre¬ 
fen t of that very book which he had borrowed with fo 
much difficulty two years before. 

Animated by fuch diftinguifhed marks of approba¬ 
tion, he diligently employed every moment he could 
fleal from the ftudy of jurifprudence to the completion 
of his natural hiftory of the tree-loufe ; to experiments 
gn the refpiration of catterpillars and butterflies, which 
he difcovered to be effedted by ftigmata, or lateral pores; 
to an examination of the conftrudtion of the taenia or 
tape-worm ; in frequent correfpondence with Reaumur; 
and in aflifling Trembley in his difcoveries and publica¬ 
tion concerning millepedes, &c. Having in the year 
3743 obtained the degree of dodtor of laws, he relin- 
quifhed a purfuit which he had commenced with fo 
much reludtanee. In the fame year he was admitted a 
fellow of the Royal Society, to which he had commu¬ 
nicated a treatife on irifedls. 

Bonnet being now liberated from his other purfuits, 
applied himfelf, without intermilfion, to colledling toge¬ 
ther his experiments and obfervations concerning the 
tree-loufe and the worm, which he publifherl in i 744 
under the title of Inf etiology. This work acquired de- 
ferved approbation from the public, and was honoured 
by the commendation of the celebrated B. de Juflieu. 
He was reproached, however, in a periodical publica¬ 
tion, with having paid too little attention to the deli¬ 
cacy of his reader ; though his patience and accuracy 
were acknowledged to be deferving of praife. Such 
unremitted application and labour could not fail of be¬ 
coming injurious to his health. Inflammations, nervous 
fever, fore eyes, &c. compelled him to relinquifh the 
ufe of the inicrofcope and the ftudy of infc&s. This 
prevention was fo extremely mortifying to a man of his 
tafte and activity of mind, that he was thrown into a 
deep melancholy, which could only be fubdued by the 
refolution infpired by philofophy, and the confolations 
of religion : thefe gradually roufed him from a deje&ed 
(late of mind. About the end of the year 1746 our 
pliilofopher was chofejv member of the Literary Inftitu- 
tioa at Bologna, which introduced him to a correfpon¬ 
dence with the famed Zanotti, who may be deemed the 
Fontenelle <?f Italy. 

In the year j 747 he undertook a very difficult work 

on the leaves of plants ; which, of all his publications Bonnet, 
in natural hiftory, bore the ftrongeft marks of origina- ' "“v-"—■ 
lity, both with refpedt to the manner in which his ex¬ 
periments were made, and the difcoveries refulting from 
them. His extreme attachment to natural hiftory gra¬ 

dually led him to a ftudy of a very different nature ; 
fpeculative philofophy now engaged his whole atten¬ 
tion. The firft fruits of his meditations in this depart¬ 
ment was his EJfay on Pfychology. In this work the 
principal fadls obfervable in human nature, and the con- 
fequences refulting from them, are ftated in a concife 
and confpicuous manner. He contemplated man from 
the firft moment of his exifcence, and pnrfued the de- 
velopement of his fenfesand faculties from fimple growth 
up to intelligence. The work, which was publifhed 
without his name, met with great oppofition, and was 
criticifed with feverity ; but the cenfures were directed 
more againft his expreifions than his principles ; nor 
were they of fufficient importance to impede the gene¬ 
ral acceptance of the publication. 

His analyfis of the mental faculties was fimply a de- 
velopement of the ideas contained in the preceding 
work. It engaged his inceffant attention for the fpace 
of five years; nor was it completed before 1759. It is 
fomewhat fingular that both he and the Abbe de Con¬ 
dillac fhould have illuftrated their principles by the fup- 
pofition of a ftatue, organized like the human body, 

which they conceived to be gradually irvfpired with a 
foul, and the progreffive developement of whofe powers 

they carefully traced. In the year 1760 this work was 
publifhed at Copenhagen, by order and at the expence 
of Frederick V. and it was followed in 1762 by con¬ 
templations on organized bodies. In this the author 
had three principal objedls before him r the firft was to 
give a concife view of every thing which appears inte- 
refting in natural hiftory, refpe&ing the origin, deve¬ 
lopement, and reprodu&ion of organized bodies ; the 

fecond was to confute the two different fy Items founded 
upon the Epigenefis ; and the third was to explain the 
fyftem of Germs, indicate tlie ground upon which it 
was founded, its correfpondence with fadts, and the 
confequences refulting from it. This work was recei¬ 
ved with much fatisfa&ion by natural philofophers. 
The Academy of Berlin, which had propofed the fame 
fubjeft as a prize queftion for 1761, declared that they 
confidered the treatife as the offspring of clofe obferva- 
tion and profound reafoning; and that the author would 
have had an indubitable right to the prize, if he had 
confined his labours to the precife ftatement of the 
queftion. It rauft alfo be recorded, to the honour of 
the great Malejherbes> that he reverfed the interdidf 
which the public cenfor had laid upon this book, un¬ 
der the pretext that it contained dangerous principles. 

The Contemplation of Nature appeared in 1764. In 
this work the author firft enlarged upon the common 
conceptions entertained concerning the exiftence and 
perfections of God ; and of the order and uniformity 
obfervable in the univerfe. He next defeends to man, 
examines the parts of his compofition, and the various 
capacities with which he is endowed. He next pro¬ 
ceeds to the plants ; affembles and deferibes the laws of 
their economy ; and, finally, he examines the mfeCts, 
indicates the principal circumftances in which they dif¬ 
fer from larger animals, and points out the philofophi* 

cal inferences that may legitimately be deduced from 
thefe 
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Bonnet, tliefe differences ; and he concludes with obfervations 

"V—' refpedling the induflry of infers. This work being of 
a popular nature, the author fpared no pains in bellow¬ 
ing upon it thofe ornaments of which it was fufeep- 
tible. The principles which he thus difeovered and ex¬ 
plained, induced him to plan a fyjlem of moral philo¬ 

sophy ; whjcb, according to his ideas, confided folely 
in the observance of that relation in which man is pla¬ 
ced, refpe£ling all the beings that Surround him. The 
did branch would have comprehended, various means 
which philofophy and the medical Science have disco¬ 
vered for the prevention of difeafe, the prefervation and 
augmentation of the corporeal powers, and the better 
exertion of their force : in the Second, he propofed to 
/hew, that natural philofophy has a powerful tendency 

to embellifh and improve our mind, and augment the 
number of our rational amufements, while it is replete 
with beneficial effedls refpe&ing the Society at large. 
To manifed the invalidity of opinions, merely hypothe¬ 
tical, he undertook, in the third place, to examine, whe 
ther there were not truths within the compafs of hu¬ 
man knowledge, to which the mod Sceptical philofopher 
rnuft be compelled to yield his confent, and which might 
Serve as the bafis of all our reafonings concerning man 
and his various relations. He then would have direct¬ 
ed his attention to a fird caufe, and have manifeded 
how greatly the idea of a Deity and Supreme Law¬ 
giver favoured the conclufions which reafon had drawn 
from the nature and properties of things : but it is 
deeply to be regretted that his health, impaired by in- 
cedant labour, would not permit him to complete the 

defign. 
His lad publication was the Palingenefs, which treats 

of the prior exidence and future date of living beings. 
Of his publications in natural hiftory, thofe deemed 

'the mod excellent are, his Treatife on the bed Means 
of Preferving Infers and Fiffi in Cabinets of Natural 
Hiftory ; a Differtation on the Loves of the Plants ; 
Sundry pieces on the Experiments of Spallanzani, con¬ 
cerning the Reproduction of the Head of the Snail; a 
Differtation on the Pipa, or Surinam Tod ; and diffe¬ 

rent Treatifes on Bees. 
In the year 1783 lie was elected honorary member 

of the Academy of Sciences at Paris ; and of-the Aca¬ 
demy of Sciences and the Belles Lettres at Berlin. 

Much of his time was employed in a very extenfive 
correspondence with Some of the mod celebrated natu¬ 
ral philofophers and others. Of this number were Reau¬ 
mur, Be Geer the Reaumur of Sweden, Du Hamel, 
the learned Haller, the experimental philofopher Spal¬ 

lanzani, Van Swieten, Merian, and that ornament of 
Switzerland the great Lambert. He entertained, how¬ 
ever, the utmoft averfion to controverfy. He thought 
that no advantage to be obtained by it could compen¬ 
sate for the lofs of that repofe which he valued, with 
Newton, as the rem prorfus fubjiantialem. He never 
anfwered remarks that were made to the prejudice of 
his writings, but left the decifion with the public ; yet, 
ever ready to acknowledge his errors, he was Sincerely 
thankful to every one who contributed to the perfec¬ 
tion of his works. He was ufed to fay that one con- 
feffion, I was in the wrong, is of more value than a 
thoufand ingenious confutations. 

His literary occupations, and the care he was obliged 

to take of his health, prevented him from travelling. 

He delighted in retirement, and every hour was occu- Bonnef, 
pied in the improvement of his mind. The lad 25 fi°°k-keep- 

years of his life were Spent in the Same rural Situation ^ mg' 
where he had paffed the greater part of his early days ; 

yet notwithdanding the purfuit of literature was his Su¬ 
preme delight, he never refufed to Sufpend his ftudies, 
when the good of his country Seemed to demand his 
Services. 

Pie was chofen in 1752 member of the Grand Coun¬ 
cil in the republic of Geneva : and he affifted regularly 
at their deliberations till the year 1768, where he di- 
ftinguifhed liimfelf by his eloquence ; his moderation, 
united with firmnefs ; by his good Senfe and penetra¬ 
tion in cafes of difficulty ; and by the zeal with which 
he endeavoured to reclaim his fellow-citizens to that 
ancient Simplicity of manners which had been So condu¬ 
cive to the welfare of the date, and to the love of vir¬ 
tue, So effential to the exidence of genuine liberty. Hit 
condudl, in every cafe, was confident with his princi¬ 
ples. He took no pains to accumulate wealth, but re. 
mained Satisfied with a fortune equal to his moderate 
wants, and to the exercife of his benevolence. The 
perfect correspondence between his extenfive knowledge 
and virtuous deeds procured him univerfal efteem. 

In the year 1788 evident Symptoms of an hydrops 
peBoris manifeded themfelves; and from this time he 
gradually declined. He fuftained his indifpofition with 
unremitted cheerfulnefs and compofure. After various 
fluctuations, nfual in that complaint, he died on the 
20th of May 1793, in the 73d year of his age ; retain¬ 
ing his prefence of mind to the lad moment, adminifter- 
ing comfort to Surrounding friends and relatives, and 
attempting to alleviate the didrefs of his difconfolate 
wife, in whofe arms he expired. 

As a demonftration of the high value placed upon 
his labours and talents by the literati, we have only to 
remark, that he was member of mod of the learned So¬ 
cieties of Europe. 

BOOK-keeping, is an art of which the importance 
is univerfally known; and as commonly pra&ifed, it has 
been Sufficiently explained in the Encyclopaedia Britan- 
nica. But Since that ariticle was written, a great im¬ 
provement has been introduced into the art, or rather a 
new method of book-keeping has been invented by 

Mr Edward Thomas Jones of the city of Briftol, 
accountant, who calls it the Englijh fyjlem of book-keep¬ 
ing ; and thinks that by it accounts may be more regu¬ 
larly kept, and errors in accounts more eafily detected, 
than by any other method hitherto known. We are 
much inclined to be of his opinion ; and Shall therefore 
lay before our redears his defeription of this method, as 
we find it in the fpecification of the patent which was 
granted to him January 26. I 796. 

1The Englijh Syjltm of BooK-Keeping requires three 
books, called a day-book ox journal, an alphabet, and a 
ledger, which mud be ruled after the following method, 
•viz. the day-book to have three columns on each page, 
for receiving the amount of the tranfa&ions ; one co¬ 
lumn of which to receive the amount of debits and cre¬ 
dits, one column to receive the debits only, and one 
column to receive the credits only ; or it may be ruled 
with only two columns on each page, one column to 
receive the amount of the debits, and one column to 
receive the amount of the credits, -'here mud alfo be 

on each page of the day-book four other columns ruled, 
two 
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Book- two on the left fide next the amount of the debits, and 

keepirg. tw0 on the right fide next the amount of the credits, 

_l“ Y for receiving the letter or mark of polling, and the page 
of the ledger to which each amount is to be polled. 

The alphabet need not be ruled at all; but mull con¬ 
tain the name of every account in the ledger, the letter 
that is annexed to it as a mark of polling, and the page 
of the ledger. 

The ledger mull be ruled with three, four, live, or 
feven columns on each page, as may be moll agreeable, 
for receiving the amounts of the different tranfa&ions 
entered in the day-book. And the procefs for ufing 
thefe books, or making up books of accounts on this 
plan, is as follows : 

When a perfon enters into trade, whether by himfelf 
or with copartners, he mull have an account opened 
with himfelf in the ledger ; entering firll in the day¬ 
book, and then to the credit of his account in the led¬ 
ger, the amount of the property he advances into trade : 
The account may be headed either with his name only, 
or elfe called his flock-account. 

If you buy goods, give the perfon credit of whom 
you purchafe ; when you fell goods, debit the perfon to 
whom faid goods are fold. If you pay money, debit 
the perfon to whom paid, not only for what you pay, 
but alfo for any difeount or abatement he may allow, 
and give the calhier credit for the neat amount paid. 
If you receive money, credit the perfon of whom you 
receive it, not only for what he pays, but alfo for any 
difeount or abatement you may allow, and debit the 
calhier for the neat amount received ; taking care in 
thefe entries to have nothing myflerious or obfcure, but 
merely a plain narrative of the fa61, introducing not one 
uftlefs word, and avoiding every technical term or phrafe 
except the words debit and credit, which are full and 
comprehenfive, and the only terms that are applicable 
to every tranfadion, and maybe affixed to every entry. 

But as a hurry of bufinefs will fometimes take place 
in almoll every counting-honfe, which may caufe the 
entries to be made to the debit inftead of the credit of 
an account in the d^y-book, and to the credit inllead of 

the debit, Mr Jones has endeavoured as much as poffible 
to counterad the evil, by having only one column for 
receiving the amount of every tranfa&ion, whether de¬ 
bits or credits, at the inllant of making the entry ; and,, 
for the convenience of feparating the debits from the 
credits, previous to polling, which is necefiary to pre¬ 
vent confufion and perplexity, he has two other columns 
on the fame page ; that on the left fide into which the 
amount of every debit mull be carefully entered, and 
that on the right for the amount of the credits, which 
columns mull be call up once a month. The column 
of debits and credits of itfelf forming one amount the 
column for the debits producing a fecond amount; and 
the column of credits a third amount ; which fecond 
and third amounts added together, mull exadly agree 
with the firll amount, or the work is not done right. 

By this means the man of bufinefs may obtain month- 
ly fuch a llatement of his affairs as will Ihow how much 
he owes for that month, and how much is owing to 
him ; and the debits being added together for any given 
time, with the value of the Hock of goods on hand, 
will, when the amount of the credit lVfubtradled there¬ 
from, Ihew the profits of the trade. 

Our author now proceeds to the procefs of polling; 

which begins with opening an account in the ledger Book- 

with every perfon to whofe debit or credit there has ,ke<Tln£* , 
been an entry made in the day-book ; affixing to each ' 
account a letter, which is to be ufed as a mark of poll¬ 
ing. The perfon’s name, place of abode, and the folio 
of the ledger, mull then be entered in the alphabet, 
with the fame letter prefixed to each name as is affixed 
to the account in the ledger. Next, the page of the 

ledger on which each account is opened (and which will 
be feen in the alphabet) mull be affixed to each amount 
in the day-book, in the column for that purpofe. The 
date and amount of each debit mull then be polled i:i 
the columns for receiving it in the ledger, on the left 
or debit fide of that account to which it relates ; enter¬ 
ing, as a mark of polling in the day-book, againll each 
amount, the fame letter that is affixed to the account in 
the ledger, to which faid amount may be polled. Ob- 
ferving that the debits of January, February, March, 
&c. mull be polled into the column for thofe months’ 
in the ledger, and the credits mull alfo be polled in 
like manner, filling up each account in the centre, at 
the expiration of every month, with the whole amount 
of the month’s tranfa&ions ; thus having, in a fmall 

ip ace, the whole llatement of each perfon’s account for 
the year; in the columns to the right and left the a. 

mount feparately of each tranfadion ; and in the centra 
a monthly llatenient. 

Having deferibed the procefs of this method of book¬ 
keeping, he tlius fhews how to examine books kept by 
this method, fo as to afeertain, to an abfolute certainty, 
if the ledger be a true reprefentation of the day-book ; 
/. e. not only if each tranfadion be corredly polled, as^ 
to the amount thereof, but alfo if it be rightly entered 
to the debit or credit of its proper account. This ex¬ 
amination difiers from the inodes that have heretofore, 
been pradifed, as well in expedition as in the certain 
accuracy which attends the procefs ; it being only ne- 
celfary to call up the columns through the ledger de¬ 
bits and credits, according to the examples given ; and 
the amount of thofe columns, if right, mull agree with 
the columns in the day-book for the fame correfporid- 
ing fpace of time. Thefe callings fhould take place 
once a month ; and if the amounts do not agree, the 
polling mull then, but not elfe, be called over : and. 
when the time, whether it be one, two, three, or four 
months, that is allotted to each column of the ledger is 
expired, the amount of each column fhould be put at, 
the bottormof the firll page, and carried forward to the 
bottom of the next, and fo on to the end of the ac¬ 
counts; taking care that the amount in the day-book, ~ 
of each month’s tranfa&ions, be brought into one grofsi 
amount for the fame time. 

But although this procefs mull prove that the ledger 
contains the whole contents of the day-book, and nei¬ 
ther more nor lefs, yet it is not complete without the 

mode of afeertaining if each entry be polled to its right, 
account ; which may be afeertained by the follow?m«* 
method : He has laid down a rule that a letter, which/ 
may be ufed alphabetically in any form or ffiape that is - 
agreeable, lhall be affixed to each account in the led- • 
ger, and the fame letter prefixed to the names in the al¬ 
phabet, thefe letters being ufed as marks of polling, and 
affixed to each account in the day-book as it is polled; 
it is only necelfary therefore to compare and lee that 

the letter affixed to each entry in the day-book is the . 

fame 
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Boole- fame a3 is prefixed to the fame name in the alphabet; 

, keeping, a difference here (hews of courfe an error, or elfe it 

. mult be right. 
At the end of the year, or at any other time, when 

perfons balance their accounts, if there be no obje&ions 
to the profits of the trade appearing in the books, the 
flock of goods on hand at prime cod may be entered in 
the day-book, either the value in one amount, or the 
particulars lpecified, as may be mod expedient, and an 

* account opened for it in the ledger, to the debit of 
which it mud be poded. The cading up of the led¬ 
ger mud then be completed : and when found to agree 
with the day-book, and the amount placed at the bot¬ 
tom of each column, fubtradl the credits from the de¬ 

bits, and it will fiiew the profit of the trade ; unlefs the 
credits be the greater aihount, which will fhew a lofs. 
In taking off the balances of the ledger, one rule mud 
be obferved, and it cannot be done wrong : As you 
proceed, fird fee the difference between the whole 
amounts of the credits and debits on each page for the 
year, with which the difference of the outdanding ba¬ 

lances of the feveral accounts on each page mud exaCl- 
ly agree, or the balances will not be taken right. By 
this means every page will be proved as you proceed, 
and the balances of ten thoufand ledgers, on this plan, 

could not unobfervedly be taken off wrong. 
BOSCOVICH (Roger Jofeph), one of the mod 

eminent mathematicians and philosophers of the pre- 

fent age, was bom of virtuous and pious parents, on 
the nth of May 1711, in the city of Ragufa, the ca¬ 
pital of a fmall republic of the fame name, lying on the 
eaftern coad of the Adriatic Sea. At baptifm, the 
name of Roger was given him, to which he added 

that of Jofeph when he received the facrament (a) of 

confirmation. 
He dudied Latin grammar in the fchools which 

were taught by the Jefuits in his native city. . Here 
it foon appeared that he was endued with fuperior ta¬ 
lents for the acquifition of learning. He received know¬ 
ledge with great facility, and retained it with equal 
firmnefs. None of his companions more readily per¬ 
ceived the meaning of any precept than he ; none more 
jufily applied general rules to the particular cafes 
contained under them. He enounced his thoughts 
with great perfpicuity, and came foon to compofe with 
propriety and elegance. His application was equal to 

his capacity, and his progrefs was rapid. At the be¬ 
ginning of the 1 5th year of his age, he had already gone 
through the grammar claffes with applaufe, and had 
dudied rhetoric* for fome months. His moral behavi¬ 
our had likewife been very good : he was refpe&ful and 
obedient to his parents and maders, affable and obli¬ 
ging to his equals, and exemplary in all the duties of 
religion. It was now time for him to determine vvdiat 
courfe he would deer through life ; nor did he hefitate 

long in coming to a refolution. 
The Jefuit fathers, by teaching the feiences to youth, 

were very ufeful, and at the fame time had a fine op¬ 
portunity of observing their fcholars, and of drawing 
into their fociety thofe boys who feemed fit for their 
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purpofe. Such a fubjeCl as the young Bofcovich could BofcoviA. 
not efcape their attention. They fhewed him particu- 
lar kindnefs, to which he was not infenfible. He had 
an ardent third foi* learning ; to advance in which he 
felt himfelf capable ; and he thought he could nowhere 
have a better opportunity of gratifying this laudable 
inclination than in their order, in which fo many per¬ 
fons had fhone in the republic of letters. According¬ 
ly, with the confent of his parents, he petitioned to be 
received among them ; and his petition was immediately- 

granted, becaufe it was defired by thofe to whom it 
was made. 

It was a maxim with the Jefuits to place their mod 
eminent fubje&s at Rome, as it was of importance for 
them to make a good figure on that great theatre. 
Wherefore, as Roger’s maders had formed great ex¬ 
pectations of him, they procured his being called to 
that city ; whither he was fent in the year 1725, and 
entered the novicefhip with great alacrity. This no- 
vicefliip was a fpace of two years, in which the candi¬ 
date made a trial of his new date of life ; and in the 
mean time his new fuperiors obferved him, and delibe¬ 
rated whether or not they would admit him into their 
body. During thefe two years, the novice was princi¬ 
pally employed in exercifes of piety, in dudying books 
of Chridian morality, and in becoming perfe&ly ac¬ 
quainted with the rules and conditutions of the order. 
After thefe two years were pad, the Jefuits were wil¬ 
ling to retain Bofcovich, and he was no lefs defirous of 
remaining with them. He therefore paffed to the 
fcliool of rhetoric ; in which, for two other years under 
the mod expert maders of the fociety, young men per¬ 
fected themfelves in the arts of writing and fpeaking, 
which was of fo great confequence to perfons who wtfre 
dedined to treat fo much with their neighbours. Here 
Bofcovich became perfectly well acquainted with all the 
claffical authors, and applied with fome predile&ion to 

Latin poetry. 
After this he removed from the noviciate to the Ro-' 

man College, in order to ftudy philofoplry, which he 
did for three years. In order to underhand the doc¬ 
trine of phyfics, it was neceffary to premife the know¬ 
ledge of the elements of geometry, which is alfo other- 
wife proper for forming the mind, and for giving to it 
a true tade for truth. Here it was that our young 
philofopher came to be in his true element ; and it now 
appeared how extremely fit his genius was for this kind 
of dndv. His mader, though he was able and expert, 
in dead of leading him on, was fcarcely able to keep 
pace with him, and his condifciples were left far be¬ 
hind. He likewife found the application of the ma¬ 
thematics to natural philofophy pleafant and eafy> 
From all this, before the end of the three years, he 
had made a great advancement in phyfical and mathe¬ 
matical knowledge; and his great merit was generally ac¬ 
knowledged by bis companions, and well known to his 
fuperiors? He had already begun to give private lef- 

fons 011 mathematics. 
According to the ordinary courfe followed by the 

Jefuits, their young men, after dudying philofophy, 

(a) For this article we are indebted to a dignified clergyman of the church of Rome, who was one of Rof- 

covich’s favourite pupils. 
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.Bofcovich. were wont to be employed in teaching Latin and the 

v~—” belles lettres for the fpace of five years, that fo they 

might become ftill better acquainted with polite learn¬ 
ing, and arrive at the fludy of theology and the prieft- 

hood at a riper age. But as Roger had difeovered 
extraordinary talents for geometrical lludies, it was 
thought by his fuperiors that it would be a pity to de¬ 
tain him from his favourite purfuits in a drudgery for 
which fo many others were fit enough. He was there¬ 

fore difpenfed with from teaching thofe fchools, and 
was commanded to commence the fludy of divinity. 

During the four years that he applied to that fub- 
lime fcience, he flill found fome leifure for geometry 

and phyfics ; and even before that fpace was ended, 
he was named profeffor of his beloved mathematics. 

He was now placed in an office for which he was 
fuperlatively fit, and for which he had a particular pre¬ 
dilection. Befides having feen all the beft modern pro¬ 

ductions on mathematical fubje&s, he fludied diligently 
the ancient geometricians, and from them learned that 
exact manner of reafoning which is to be obferved in 
all his works. Although he himfelf perceived eafily 
the concatenation of mathematical truths, and could 
follow them into their mod abflrufe recedes, yet he ac¬ 
commodated himfelf with a fatherly condefcenfion to 
the weaker capacities of his fcholars, and made every de- 
monflration clearly intelligible to them. When he per¬ 
ceived that any of his difciples were capable of advan¬ 
cing fafler than the reft, he himfelf would propofe his 

giving them private leffions, that fo they might/not lofe 
their tirtie ; or he would propofe to them proper books, 

W1*th directions how to fludy them by themfelves, being 
always ready to folve difficulties that might occur to 
them. 

To tjie end that he might be the more ufeful to his 
fcholars, he took time from higher purfuits to compofe 
new elements of arithmetic, algebra, plain and folid 
geometry, and of plain and fpheric trigonometry ; and 
although thefe fubje&s had been well treated by a great 
many authors, yet Bofcovich’s work will always be e- 
iteemed by good judges as a maflerly performance, well 
adapted to the purpofe for which it was intended. To 

this he afterwards added a new expofition of conic fec- 
tions; in which, from one general definition, he draws, 
with admirable perfpicuity, all the properties of thofe 
three mofl ufeful curves. He had meditated a com¬ 
plete body of pure and mixed mathematics, in which 
were to be comprehended treatifes on mufic, and on ci- 
vdand military archite&ure ; but from accomplishing 

this he was prevented by other neceffiary occupations. 
According to the cuflom of fchools, every clafs in 

the Roman College, towards the end of the fcholaflic 
year, gave to the public fpecimensof their proficiency. 
With this view Bofcovich publiffied yearly a diffiertation 
on fome interefling phyfico-mathematical fubjedl. The 
do&rine of this diffiertation was defended publicly by 
fome of his fcholars, affifted by their mafler. At thefe 
literary diffiertations there was always a numerous con- 
courfe of the mofl learned men in Rome. His new 
opinions in philofophy were here rigoroufly examined 

and warmly controverted by perfons well verfed in 
phyfical fludies : but he propofed nothing without fo- 
lid grounds ; he had forefeen all their objections, an- 
fwered them vitorioufly, and always came off with 

great applaufe and increafe of reputation. He publiffi- 
Suppl. Vol. I. Part I. 
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ed likewife diflertations on other occsfions ; and thefe Bofcovich. 
works, though (mail in fize, are very valuable both for -v— 
the matter they contain, and alfo for the manner in 

which it is treated. The principal fubjefts of thefe dif- 
fertations are the following : The fpots in the fun ; 
the tranfit of mercury under the fun ; the geometrical 

conftrutbon of fpheric trigonometry ; the aurora bo¬ 
realis ; a new ufe of the telefcope for the determination 
of celeftial objefts ; the figure of the earth ; the argu¬ 

ments made ufe of by the ancients to prove the rotun¬ 
dity of the fame; the circles which are called ofcula- 
tors ; the motion of bodies projefted in a fpace void of 

refinance ; the nature of infinities and of infinitely little 
quantities ; the inequality of gravity in different parts 
of the earth ; the annual aberration of the fixed liars ; 
the limits of the certainty to which aflronomical obfer- 
vations can arrive ; a difeufiion on the whole of aftrono-' 
my ; the motion of a body abraded by certain forces 

towards an immoveable centre in fpaces void of refin¬ 
ance ; a mechanical problem on the folid of greatell 
attraction a new method of ufing the obfervation of 
the phafes in the lunar eclipfes ; the cycloid ; the lo- 
gi lie and certain other curve lines ; the forces that are 
called.living ; the comets; the flux and reflux of the 

lea ; light ; whirlwinds ; a demonftration and flluftra- 
tion of a paffiage in Newton concerning the rainbow • 
the demonflration and illuftration of a method given 

by Euler, regarding the calculation of fradionst the 
determination of the orbits of a planet by means of ca¬ 
toptrics, certain conditions of its motions being given • 
the centre of gravity and that of magnitude ; the au 

mofphere of the moon ; the law of continuity, and the 
confequences of it in the elements of matter and their 
forces ; the law of the forces that exift in nature ; len- 

les and dioptrical telefcopes ; the perturbation which 
appears to be caufed mutually by Jupiter and Saturn, 

f'K ^a.*.about the time of their conjundion ; 
the divihbility of matter and the elements of bodies • 

the objedive micrometer befides other fubjeds of the 
like nature, of which he has treated in fepamte pieces 

or in communications inferted in the tranfadions of lil 
terary focieties or academies, he being a member of 
thofe that are moll famous in Europe. It was in fome 

of the above-mentioned diflertations that Bofcovich made 
known firjl to the world his fentiments concerning the 

nature of body, which he afterwards digeiled into a re¬ 
gular theory, which is juilly become fo famous among 
the learned. & 

Father Noceti, another Jefuit, had compofed two 
excellent poems on the rainbow and the aurora borealis 
rhefe poems were publifl.ed with learned annotations 
by Bofcovich ; in which, among other things, he with 
great fagacity difeovers errors in optics into which De 
■Dominis, Kepler, and others, had fallen 

His countryman Benedict Stay, after having pub- 
liflied the philofophy of Defcartes in Latin verfc at 

tempted the fame with regard to the more modern’and" 
more true philofophy, and has executed it with wou- 
deiful fuccefs, to the admiration of all good judges. 
The two firll volumes of this elegant and accurate 

work were published with annotations and fupplements 

by Bofcovmh. 1 hefe fupplements are fo many fliort ' 
diflertations on the moll important parts of phyfics and 
mathematics. Here is to be found a folution of the 
problem of the centre of ofcillation, to which Huygens 

N had 
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Bofcovich. had come by a wrong method ; here ne confutes Euler, 

' who had imagined that the vis inertia was necefla.ry in 

matter ; here he refutes the ingenious efforts of Riccati 
on the Leibnitzian opinion of the forces called living. 
He likewife {hews the falfehood of the mathematical 
prejudice, according to which the right line is confider- 

ed as effentially more fimple than curves, and makes it 
appear that the notion of the faid right line is com¬ 
monly accompanied with many paradoxes. He demon- 

ftrates, by the do&rine of combinations, fome beautiful 
theorems concerning the fpace occupied by the fmall 

maffes of body, with many ufeful obfervations on fpace 

and time. 
Benedia XIV. who was a great encourager of learn¬ 

ing, and a beneficent patrou of learned men, was not 
ignorant how valuable a fubjed Rome poffeffed in Bof¬ 

covich ; and this pope gave him many proofs of the 
efteem he had for him. Two fifTures which had been 
perceived in the cupola of the church of St Peter’s on 
the Vatican had occafioned fome alarm. The pope de- 
fired Bofcovich and fome other mathematicians to make 

their obfervations, and give their opinion. on the fame. 
They obeyed, and their opinion was printed. They 
(hewed that there was no caufe to apprehend danger ; 
but, for greater fecurity, they propofed certain precau¬ 

tions, which were adopted and put in execution. 
The high opinion which the pope had formed of his 

talents, and the favour in which he was with Cardinal 
Valenti, minifter of Rate, proved hinderances to his go¬ 
ing to America, for which a propofal was made to him 
by the court of Lifbon. Some differences had long 

fubfifted between Spain and Portugal concerning the 
boundaries of their refpedtive dominions in that great 

continent;, and John V. of Portugal wifhed.that Bof¬ 
covich would go over and make a topographical furvey 
of the country in difpute. He was not unwilling to 

undertake fuch a talk, which was entirety to his tafte ; 
and he was refolved at the fame time to meafure a de¬ 

gree of the meridian in Brazil, which might be com¬ 
pared with that meafured at Quito by the French aca¬ 
demicians Bouguer and Condamine, with the Spaniards 
Ulloa and Doy. But the pope hearing of this propo- 

fal, fignified to the Portuguefe minifter at Rome, that 
his mafter muft needs excufe him for detaining Bofco¬ 
vich in Italy, where he had occafion for him, and could 

by no means confent to part with him. 
Accordingly a coinmiffion was given to Bofcovich 

by Benedict to corre& the maps of the papal eftate, 

and to meafure a degree of the meridian palling through 
the fame. This he performed with great accuracy, 

aflifted by F. Chriftopher Maire an Englifh Jefuit, and 
likewife a great mathematician. Their map was en¬ 
graved at Rome, and is perhaps the moft exaft piece of 
the kind that ever was printed, as. all the places are 
laid down from triangular obfervations made by the 
ableft hands. Bofcovich alfo publifhed, in a quarto 
volume in Latin, an account of the whole expedition, 

which appeared at Rome in the year 1755, and was 
afterwards printed at Paris in French in the year 1770. 
Here he gives a detail of their obfervations and of the 
methods they followed, and likewife of the difficulties 
they encountered, and how they were furmounted. One 
of thefe embarraffed them a good deal at the time, but 
was afterwards matter of diverfion to them and others. 

Some of the inhabitants of the Apennines, feeing them 

pafs from hill to hill with poles and ftrange machines, 
imagined that they were magicians come among their 
mountains in fearch of hidden treafures, of which they 
had fome traditions : and as tempefts of thunder and hail 
happened about the fame time, they fuppofed that thefe 

calamities were caufed by the forctries of their new 
vifitants. They therefore infilled that Bofcovich and 
Maire fhould depart; and it was not eafy to convince 
them that their operations were harmlefs. In this work 

there is inferted a defeription of the inftruments made 
life of in determining the extent of the degree of the 
meridian ; and the whole work may be extremely ufe¬ 

ful to practical geometricians and aftronoroers.. 
In the year 1757 the republic of Lucca intruded 

Bofcovich with the management of an affair which was 

to them of confiderable importance. Between that re¬ 
public and the regency of Tufcany there had arifen a 
difagreeable difpute concerning the draining of a lake, 
and the direction to be given to fome waters near the 
boundaries of the two ttates. The Lucchefe fenate 
cbofe our philofopber to treat of this bulinefs on their 
part. He repaired to the fpot, confidered it attentive¬ 
ly, and drew up a writing, accompanied with a map, 

to {hew more clearly what appeared to him moft equi¬ 
table and moft advantageous for both parties. In order 

to enforce his reafons the more effe&ually, it was 
thought proper that he fhould go to Vienna, where the 
Emperor Francis I. who was likewife grand duke of 
Tufcany, refided. He was fo fuccefsful in this nego¬ 
tiation, that he obtained every thing that Lucca deli- 
red, and at the fame time acquired great efteem at the 

Imperial court. In proof of this, the Emprefs Q^een 
made his opinion be afked concerning the liability.of 

the Cefarean library, and the repairs to be made in it 
which he gave in writing, and it was received with 

thanks, as being very well grounded. 
When he had concluded the affair which had brought 

him to Vienna, he forefaw that, for a month or two, 
the fnows in the Alps would not allow him to return 
to Italy. He therefore refolved to employ that time 

in completing his fyftem of natural philofophy, on 
which he had been meditating for the fpace of thirteen 
years. He publifhed his work on that great fubjedt 
in the beginning of the year 1758, in the above-men¬ 
tioned city. We (hall in the end give an account.of that 
celebrated fyftem, and here go on with our narration. 

On his return to Lucca, lie not only met with the 
approbation of all he had done for the intereft of the 
republic ; but alfo the fenate, in teftimony of their gra¬ 
titude, made him prefents, and enrolled him in the num¬ 
ber of their nobility, which was the greateft honour 

they had in their power to confer on him. 
He, who was thus ufeful to foreigners, could not re- 

fufe to he ferviceable to his own country when an oc- 

cafion of being fo offered itfelf The Britifh m.mftry 
had been informed, that (hips of war, for the French, 
had been built and fitted out in the fea-ports of Ragu- 
fa, and had fignified their difpleafure on that account. 
This occafioned uneafinefs to the fenate of Ragufa, as 

their fubje&s are very fea-faring, and much employed 
in the carrying-trade ; and therefore it would have been 
inconvenient for them to have caufed any difguft againtt 

them in the principal maritime power. Their coun¬ 

tryman Bofcovich was defired to go to London, m or¬ 

der to fatisfy that court on the above-mentioned heacH 

Bofcovicli 

' 
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Bofcovich. and with this defire he complied cheerfully on many ac- 

v~■" counts. His fuccefs at London was equal to that at 
Vienna. He pleaded the caufe of his countrymen ef- 
fe&ually there, and that without giving any offence to 
the French, with whom Ragufa foon after entered in¬ 

to a treaty of commerce. 
Bofcovich came to London the more willingly, as 

he was defirous of converting with the learned men of 
Britain. He was received by the prefident and prin¬ 

cipal members of the Royal Society with great refpedt; 
and to that great body he dedicated his poem on the 
eclipfes of the fun and moon, which was printed on 
this occafxon at London, in the year 1760. This is 
one of his works on which he himfelf put the greateft 
value, and it has been much efteemed by the learned. 
An edition of it was publifhed at Venice the year follow¬ 
ing, and a third at Paris, which is the moft correct : a 
translation of it into French has likewife been publifhed 
at Paris. In this very elegant Latin poem he gives 
an exadl compend of aftronomy, which ferves as an in- 
trodu&ion to the fubjeft; he then explains all that be¬ 
longs to the do&rine of eclipfes, and their life in geo¬ 
graphy ; he confiders the phenomena that are obfer- 
ved in the eclipfes of the fun, and likewife of the moon ; 
he propofes a theorem, which is his own, concerning 
the diiiribution of light refra&ed from the atmofphere 
of the earth by the fhadow of the moon, which happens 

in the lunar eclipfes ; he explains the phenomenon of 
the reddifh colour which often appears in the moon 
when fhe is eclipfed, of which a fufficient explication 
had not before been given : this the author draws from 
the fundamental do&rine of Newton’s theory concern¬ 

ing light and colours; and hence takes occafion to give 
a clear idea of the principal confequences of the faid I theory. All this is clothed with a beautiful poetical 
drefs, and is adorned with pleafant epifodes, not to men¬ 
tion the learned annotations which are fubjoined. This 
poem was compofed, for the moft part, whilft the au¬ 
thor was in journeys, or by way of amufement, when 
he was obliged to wait for the opportunities of making 

aftronomical obfervations. 
The fellows of the Royal Society invited Bofcovich 

to accompany fome of their number to America, to ob- 

ferve the tranlit of Venus, which was to happen in the 
# year 1762; but being otherwife engaged, he could not 

accept of that invitationf He intended, however, by all 
means to obferve that remarkable phenomenon, and had 
fixed on Conftantinople as a proper place for doing fo. 
He was condu&ed thither in a Venetian man of war, and 
much honoured by one of the baylos of that republic, 
who commanded the veffel ; but, to his great regret, 
they arrived too late. He returned, by land, in the 
company of the Englifh ambaffador; and a relation of 

that journey was publifhed in French and afterwards in 

Italian. 
During thefe journeys, Bofcovich’s place in the Ro¬ 

man College was well filled by fome of thofe whom he 
himfelf had trained up in mathematical learning. He 
was now called by the fenate of Milan to teach mathe¬ 
matics in the univerfity of Pavia, with the offer of a 
very confiderable falary. He and his fuperiors thought 
proper to accede to this propofal, and he was received 
without being fubje&ed to any previous examination ; 
which was always obferved, excepting in fuch an extra¬ 

ordinary cafe, by the decrees of the univerfity. Here 

he taught, with great applaufe, for the fpace of fix Bofcovich. 
years, having at the fame time the care of the obferva- ~—v ' 
tory of the Royal College of Brera. About the year 

1770, the Emprefs Queen made him profeffor of aftro¬ 
nomy and optics in the Palatine fchools of Milan ; re¬ 
quiring of him, however, that he fhould continue to 

improve the obfervatory of Brera ; which, under his di- 
re&ion, became one of the moft perfeft in Europe. 

Here he was extremely happy, teaching the fciences, 
applying to his favourite ftudies, and converfing and 
correfponding with men of learning and of polifhed 

manners; when an event happened which caufed to 
him the moft fenfible affii&ion. In the year 1773, the 
fociety to which he belonged, and to which lie had 
been from his youth warmly attached, was, to his great 
regret and difappointment, abolifhed. They who had 
been Jefuits were allowed no longer to teach publicly ; 
nor was there any exception made in favour of Bofco¬ 
vich, neither (fuch was his humour then) would he 
have accepted of it, though it had been offered him, 

Propofals were made to him by feveral perfons of dif- 
tin&ion : and, after fome deliberation, he chofe Paris 
for his place of abode ; to which he was induced by 
the circumftance of his being intimately acquainted 
with the prime minifter at that court. He had net 

been many months at Paris when the univerfity of Pifa 
fent him an invitation to go thither, in order to pro- 

fefs aftronomy. But the French minifter, underftand- 
ing this, declared to the minifter of Tufcany, that it 
was the intention of his moft Chriftian majefty to make 
his dominions agreeable to Bofcovich, by giving him 

liberal appointments. In fad he was foon naturalized, 
and two large penfions were beftowed on him : the one 
as an honourable fupport, to the end that he might 

profecute his fublime ftudies at his eafe and in affluence; 
the other as a falary annexed to a new office, created 
in his favour, under the name of Director of Optics for 

the Sea Service, and with the foie obligation of perfedh’ng 
the lenfes which are ufed in achromatical telefcopes. 

At Paris he remained ten years, applying principally 
to optics, and much regarded, not only by the moft 

reafonable men of letters, but likewife by the princes 

and minifters, both of France and of other nations. 
But the greateft men are not exempt from being en¬ 
vied. Some of the French were'1 difpleafed that a fo¬ 
reigner fhould appear fuperior to themfelves ; others of 
them could not forget that Bofcovich had difeovered 
and ex poled their miftakes. The irreligion which pre¬ 
vailed too much among thofe who bore the name of 
philofophers, was difagreeable to him. Thefe, and other 
fuch circumftances, made him wearied of Paris, and he 
defired to revifit his friends in Italy; for which purpole 
he obtained leave of abfence for two years. 

The fir ft placq in Italy in which he made any ftay was 

at Baffano, a town in the territories of Venice. Here, 
mindful of his obligations, he printed what he had been 
preparing for the prefs during his ftay in France; and 

this composes five volumes in large otlavo, and is a trea- 
fure of optical and aftronomical knowledge. The fub- 
je£s treated of in thefe volumes are as follow : A new 

inftrument for determining the refra&ing and diverging 
forces of diaphanous bodies; a demonftration of the 
falfehood of the Newtonian analogy between light and 
found ; the algebraic formulae regarding the focufes of 

lenfes* and their applications for calculating the fpheri- 

N 2 city 
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Bofcovich. city of thofe which art to he ufed in achromaticai u e- 

fcopes; the corrections to be made in ocular lenfes, and 

the errors of the fphericity of certain glaffes ; the caufes 
which hinder the exact union of the folar rays by means 
of the great burning glaffes, and the determination of 

the lofs arifing from it ; the method of determining the 
different velocities of light palling through different me¬ 
diums by means of two dioptrical telefcopes, one com¬ 
mon, the other of a new kind, containing water between 
the objective glafs and the place of the image ; a new 
kind of objective micrometers ; the defers and inutility 
of a dioptrical telefcope propofed and made at Paris, 
which gives two images of the fame object, the one di¬ 
ved, the other inverfe, with two contrary motions of 
moveable objects ; maffes floating in the atmofphere, as 
hail of an extraordinary fize, feen on the fun with the 
telefcope, and refembling fpots ; the aflronomical re¬ 
fractions, and various methods for determining them ; 
various methods for determining the orbits of comets 
and of the new planet, with copious applications of thefe 
dodrines to other aflronomical fubjects, and ftill more 
generally to geometry and to the fcience of calculation; 

the errors, the rectifications, and the ufe of quadrants, 
of fextants, of aflronomical fedors, of the meridian line, 

of telefcopes called the inftruments of tranfits, of the 
meridian, and of the paralladic machine; the trigono¬ 
metrical differential formulae, which are of fo much ufe 
in aflronomy ; the ufe of the micrometical rhombus, ex¬ 
tended to whatever oblique pofition ; the error arifing 
from refradions in ufing the aflronomical ring for a fun- 
dial, and the corredion to be made ; the appearing and 
the difappearing of Saturn’s ring ; the methods of de¬ 
termining the rotation of the fun by means of the fpots, 
propofed formerly hy the author, and now perfected ; 
the greatefl exadnefs poffible in determining the length 
of a pendulum ofcillating every fecond of middle time 
by the comparifon of terreflrial and celeflial gravity ; a 
compend of aflronomy for the ufe of the marine, con¬ 

taining the elements of the heavenly motions, and of 
the aflronomical inllruments to be explained to a prince 
in the courfe of one month ; a method for determining 
the altitude of'the poles with the greatefl exadnefs, by 
means of a gnomon alone, where other inftruments are 
not to be had ; the determination of the illuminated 
edge of the moon to be obferved on the meridian ; a 

method of ufing the retrograde return of Venus to the 
fame longitude, for determining the lefs certain elements 

of her orbit ; a method for correding the elements of a 
comet, of which the longitude of the node is given, and 
the inclination of the orbit has been found nearly ; an¬ 

other method for the fame purpofe, and for finding the 
elliptical orbit, when the parabolic one does not agree 
with the obfervations; a method for correding the ele¬ 
ments of a planet by three obfervation§ ; the projedion 
of an orbit inclined in the plane of the ecliptic; the pro¬ 
jedion of an orbit inclined in any other plane ; the cal¬ 
culation of the aberration of the ftars, arifing from the 
fucceffive propagation of light; fome beautiful theorems 
belonging to triangles, which are of great ufe in aftro- 
nomy, reduced to moft fimple demonftrations. 

After having feen the imprefiion of thefe five volumes 

finifhed, Bofcovich left BafTano, made an excurfion to 
Rome, and vifited his old friends there and in other 
places of Italy. He then took up his abode at Milan, 

and applied to the ..reviling of fome of his old works, 

and to the compofing of new ones. He fet himfelf par- Bofcovich, 
ticularly to prepare annotations and fupplements to the 
remaining two volumes of Stay’s Modern Philofophy, 
which he had not had time to publifh fooner, and which 
he lived not to publifh. 

He was happy at Milan in the neighbourhood of 
Brera, where was his favourite obfervatory ; and in the 

company of many friends, who were become the more 
dear to him by his long abfence from them. But he 
began to confider, with grief, that his two years of ab¬ 
fence were drawing to an end. He was very unwilling 
to leave Italy and return to France. He thought of 

applying for a prolongation of his abfence; he thought 
of making intereft at the Imperial court for fome ho¬ 
nourable commifiion, which might be a pretext to him 
for remaining at Milan : but he was afraid that the pro- 
pefal of never returning to France might appear indeli¬ 

cate and ungrateful to a nation from which he was re¬ 
ceiving confiderable penfions. He apprehended that 
thofe perfons at Paris who had before oppofed him, 
would take occafion to tax him with ingratitude, and 
that hence his reputation would be tarnifhed. Thefe, 
and other fuch thoughts, occafioned a great perplexity 
of mind, which was followed by a deep melancholy ; 

and this could not be alleviated by the advice and com- _ 
fort of his friends, becaufe by degrees he became inca¬ 
pable of hearing reafon, his ideas being quite confufed, 
and his imagination difordered. To this difagreeable 

change the ftate of his health perhaps contributed. A 
gout had been wandering for fome time through his 

body, and he had caught a fevere cold ; nor would he 
admit of medical afiiftance, of which lie had always been 
very diffident. It may alfo be that his long and in¬ 
tense application had hurt the organs of the brain, 
which in fome manner are fubfervient to the ufe of rea¬ 

fon as long as the foul is united to the body. Be that 
as it will, during the laft five months of his life, this 
great man, who had been fo far fuperior in reafonffig to 

his ordinary fellow-creatures, was much inferior to eve¬ 
ry one of them who is endued with the right ufe of the 
underftanding. Fie had indeed fome lucid intervals, 

and once there were hopes of a recovery ; but he foon 
relapfed, and an impofthume breaking in his breaft, put 
an end to his mortal exiftence. He died at Milan on 
the 13th of February 1787, iifthe 76th year of his age. 

He was tall in ftature, of ^robuft conflitution, of a 
pale complexion. His countenance was rather long, 
and was expreffive of cheerfulnefs and good humour. 
He was open, iincere, communicative, and benevolent. 
His friends fometimes regretted that he appeared to be 
too irritable, and too fenfible of what might feem an 
affront or neglect, which gave himfelf unneceffary un- 

eafinefs. He was always unftained in his morals, obe¬ 
dient to his fuperiors, and exact in the performance of 
all Chriftian duties, as became a Catholic prieft, and in 
the obfervance of the particular rules of his order. Hi& 
great knowledge of the works of Nature made him en* 
tertain the higheft admiration of the power and wifdom 
of their Creator. He faw the neceffity and advantages 
of a divine revelation, and was fincerely attached to the 
Chriftian religion ; having a fovereign contempt of the 
prefumption and fooliffi pride of unbelievers, and being 
fully perfuaded that we cannot make a more noble ufe 
of our underftanding than by fubjecting it humbly to 

the authority of the Supreme Being, who knows num? 
berlefs 
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Bofcovich. berlefs truths far beyond the utmoft limits of our nar- were performed for him with great folemnity by order Bofcowh-, 

u—v-row comprehenfion, and who may juftly require our of the fenate, who aflifted at them in a body; on which 

belief of any of them that he fees fit to propofe to us. occafion an eloquent oration in praife of him was. pro- 
The death of our philofopher, who truly deferved ' nounced. By a decree of the fame fenate, a Latin m- 

that name, was heard with regret by the learned feription to his honour, engraved on marble, was placed 

through Europe, and more than ordinary refpeft has in the principal church of their city. Of this infcrip- 

been paid to his memory. At Ragufa funeral exequies tion the following is a copy : 

Boscovichii Elogium Ragusje, 

Marmore Infculptum. 

„ Rogerio. Nicolai. F. Boscovichio, 

Summi. Ingemi. Viro Philofopho. Et. Mathematico. Prseflantifiimd 
Scriptori. Operum. Egregiorum 

Res. Phyficas. Geometricas. Aftronomicas 
Plurimis. Inventis. Suis. Audlas. Continentium 

Celebriorum. Europe. Academiarum. Socio 

Qui. In. Soc. Jefu. Cum. Eflet. Ac. Roma?. Mathefim. Profiteretur 
Benedidlo. XIV. Mandante 

Multo. Lahore. Singulari. Induitria 
Dimenfus. Ell. Gradum. Terreftris. Circuit 

Boream. Verfus. Per. Pontificiam. Ditionem. Tranfeuntis 

Ejufdemque. Ditionis. In. Nova. Tabula. Situs. Omnes. Defcripfit. 
Stabilitati. Vaticano. Tholo Reddundse 

Portubus. Superi. Et. Inferi. Maris. Ad. Juftam. Altitudinem. Redigendis 
Reftagnantibufc. Per. Campos. Aquis. Emittendis. Commonftravit. Viam 

Legatus. A. Lucenfibus. Ad. Francifcum. I. Ca?farem. M. Etruria?. Ducem. 
Ut. Amnes. Ab. Eorum. Agro. Averterentur. Obtinuit 

Merito. Ab. Iis. Inter. Patricios. Cooptatus 
Mediolarum. Ad. Docendum. Mathematicas. Difciplinas. Evocatus 
Braidenfem. Extruxit. Inftruxitque. Servandis. Allris. Speculam 

Deletse. Turn. Societati. Suas. Superftes 
Lutetias. Parifiorum. Inter. Gallioe. Indigenas. Relatus 
Commiflum. Sibi. Perficiundce. In. Ufus. Maritimos. 

Opticae. Munus. Adcuravit 

Ampla. A. Ludovico. XV. Rege. Xmo. Attributa. Penfione . 
Inter. Haec. Et. Poefim. Mira. Ubertate. Et. Facilitate. Excoluit 

Do&as. Non. Semel. Sufcepit. Per. Europam. Perigrinationes 
Multorum. Amicitias. Gratia. Virorum. Principum. Ubique. Floruit 

Ubique. Animum. Chriftianarum. Virtutum 
Veraeque. Religionis. Studiofum. Prae-fe-tulit 

Ex. Gallia. Italiam. Revifens. Jam. Senex 
Gum. Ibi. In. Elaborandis. Edendifque. Poftreniis. Operibus . , 

Plurimum. Contendiflet. Et. Novis. Inchoandis. Ac. Veteribus. Abfolvendis 
Sefe. Adcingeret 

In Diuturnum. Incidit. Morbum. Eoque. Obiit. Mediolani 
Id. Feb. An. MDCCLXXXVII. Natus. Annos LXXV. Menfes IX. Dies II, 

Huic. Optime. Merito. De. Republica. Civi 
Quod. Fidem. Atque. Operam. Suam. Eidem. Saspe. Probaverit 

In. Arduis. Apud. Exteras. Nationes 
Bene. Utiliterque. Expediundis. Negotiis 

Quodque. Sui. Nominis. Celebritate. Novum. Patriae. Decus* Adtulerit 
Foil. Funebrem. Honorem. In. Hoc. Templo. Cum. Sacro. Et. Laudations 

Publice. Delatum 
Ejufdem. Templi Curatores 

Ex. Senatus. Confulto 

M. P. P. 

This infeription was compofed by his friend and coun¬ 
tryman the celebrated poet Benedict Stay. Zamagna, 
another of bis countrymen, who had likewife been his 

fellow-jefuit, publilhed a panegyric on him in elegant 
Latin. A (hort encomium of him is to be found in the 
EJiratto della Litteratura Europea ; and another, in form 
of a letter, was dire&ed by M. de la Lande to the Pa- 

xifian journaMs, and by them given to the public. A 

more full elogium has been written by M. Fabroni; and 
another is to be met with in the journal of Modena ; a 
third was publifhed at Milan by the Abbate Ricca ; 
and a fourth at Naples by the Dr Julius Bajamonti, of 
which a fecond edition was made in the year 1790. Of 

this laft chiefly ufe has been made here. 
But what muft fecure to Bofcovich the efleem of pof- 

terity are his works, of the greater part of which we 
hay©: 
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We have mentioned, i. 

b o 
Bofcovich. have already taken notice. 

Elements of Mathematics, with his Treatife on Conic 
Se&ions; 2. His many diflertations publiftied during 
his profefforfhip in the Roman college ; 3. His account 
of his Survey of the Pope’s Eftate ; 4. His Theory of 
Natural Pbilofophy ; 5. His Poem on the Eelipfes ; 
6. His five volumes printed at Baffano. 

To thefe we may add his hydrodynamical pieces. He 
had made a particular itudy of the force of running wa¬ 
ter, and of its ette&s in rivers ; and he was often con¬ 
futed concerning the bed means to prevent rivers from 
corroding their banks, and from overflowing the neigh¬ 
bouring plains, which often happens in Italy, where the 
Alps and Apennines pour down fo many impetuous 
itreams. He gave a writing on the damages done by 
the Tiber at Porto Felice ; another on the proje& of 
turning the navigation to Rome from Fiumicino to Mac- 
carcfe ; a third on two torrents in the territory of Pe¬ 
rugia ; a fourth on the bulwarks on the river Panaro ; 
a fifth on the river Sidone, in the territory of Placen¬ 
tia ; a fixth on the entrance into the lea of the Adige. 
He wrote other fuch works on the bulwarks of the 
Po ; on the harbours of Ancona, of Rimini, of Magna 
Vacca, and Savona, befides others, almolt all which were 
printed. He had likewife received a commiffion from 
‘Clement X1IL to vifit the Pomptin lakes, on the drain¬ 
ing of which he drew up his opinion in writing, to 
which he added further elucidations at the defire of 
Pius VI. On thefe occafions he fhewed how ufeful 
philofophy may be to the public ; and of this he gave 
another proof when it was referred entirely to. his judge¬ 
ment to determine whether or not the cupola of the ca¬ 
thedral of Milan could bear the weight of a very high 
fpire, which it was propofed to raife on it, and which 
was actually ere&ed according to his dire&ions. 

His application to abftrufe fludies did not hinder 
Rim from paying fome attention to what is more plea- 
fant. We have feen that he was a poet : he was alfo 
well acquainted with hiftory, and particularly with that 
of the Greeks and Romans, and with their antiquities. 
He wrote a differtation on an ancient villa difeovered in 
liis time upon the Tufculan Hill, and on an ancient dial 
found there; which differtation was publifhed at Rome 
in a literary journal. He wrote likewife three letters 
on the obelifk of Caefar Auguftus, two of which were 
printed with his own name, and the third under the 
name of another. 

Befides all thefe works that were given to the public 
in his lifetime, many writings of his remained in manu- 
feript in the hands of different perfons, and particularly 
with his friend M. Gaetani, and many more with Count 
Michael de Sorgo, a Ragufan fenator, who inherited 
all his papers that were in his own hands at his death. 
Thefe, it is hoped, have either been already fent to the 
prefs or will be fo ; as nothing came from the pen of 
Bofcovich which was not ufeful and deferving to fee 
the light. 
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; and in 

It now remains that we give an 
Theory of Natural Philosophy 
this we fhall, in theJirft place, lay before our readers a 
view of this fyftem. We fhall, in the fecond place, re¬ 
late, from what principles and by what fleps it was de- 
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His duced. We {hall, thirdly, take notice of the principalBofWich’t 

obje6tions made to it, and fubjoin the author’s anfwers sy**em of 
to the fame. We fhall, fnally^ (hew how happily it 
may be applied to explain the general properties of mat- ——v—« 
ter, as well as the particular qualities of all the claffes 
of bodies, which have been examined according to what 
it teaches. T 

I. In this fyftem, therefore, the whole mafs of matter, View of 
of which all the bodies of the univerfe are compofed, Bofcovich*! 
confifts of an exceeding great, yet ftill finite number of ^r^^° 
fimple, indivifible, inextended,, atoms. Thefe atoms are philofophy, 
endued with repuifive and attractive forces, which vary 
and change from the one to the other, according to the 
diftance between them, in the following manner : In 
the leaft and innermoft diftances they repel one ano¬ 
ther ; and this repuifive force increafes beyond all li¬ 
mits as the diftances are diminifhed, and is confequent- 
ly fufficient for extinguifhing the greatefl velocity, and 
for preventing the contact of the atoms. In the fen- 
fible diftances, this force is attractive and decreafes, at 
leaft fenftbly, as the fquares of the diftances increafe, 
conflituting univerfal gravity, and extending beyond 
the fphere of the moft diflant comets. Between this 
innermoft repuifive force and the outermoft attra&ive 
one, in the infenfible diftances, many varieties and chan¬ 
ges of the force, or determination to motion, take 
place : for the repuifive force decreafes as the diftance 
increafes. At a certain diftance it comes to vanifh en¬ 
tirely ; and, when that diftance is increafed, attra&ion 
begins, increafes, becomes lefs, vanifhes; and the diftance 
becoming greater, the force becomes repuifive, increafes, 
leffens, and vanifhes as before. Many varieties and chan¬ 
ges of this kind happen in the infenfible diftances, fome- 
times more rapidly, fometimes more flowly, and fome- 
times one of the forces may come to nothing, and then 
return back to the fame without palling to the other. For 
all this there is full room in the diftances that are in¬ 
fenfible to us, feeing the leaft part of fpace is divifible 
in infinitum. Befides thefe repuifive and attra&ive for¬ 
ces, our atoms havd that vis inertia which is admitted 
by almoft all modern philofophers. Thefe atoms, en¬ 
dued with thefe forces, cohftitute the whole fubftance 
of Bofcovich’s fyftem; which, however fimple and fhort 
it may appear to be, has numberlefs and very wonder- a 
ful confequences, as we (hall fee afterwards. But, that The whole 
a more clear idea of the whole theory may be eafily theory ei« 
formed, we fhall make ufe of a geometrical figure welll)re^^i 
accommodated to that purpofe. The right line CACc^curve> ; 
is an axis, from which, in the point A, is drawn the plate VI. 
right line AB at right angles. AB is confidered as an fig. 
afymptote ; on each fide of which the two curves, quite 
fimilar and equal, DEFGHIKLMNOPQRSTVU on 
the one fide, and D'E'FG' on the other, are placed. 
Now, if ED be fuppofed to he afymptoticaU and be ex¬ 
tended, it will ftill approach to BA, but will never 
come to touch it. This curve ED approaches to the 
axis C'C, comes to it in E, cuts it and departs to a 
certain diftance in F, after which it again approaches 
the fame axis and cuts it in G. In like manner it 
forms the arches GHI, IKL, LMN, NOP, PQL. 
At laft it goes on in T p s V, which is afymptoti- 
cal, and approaches to the axis ; fo that the diftan- 
ces from it are in a duplicate reciprocal proportion 
of the diftances from the right line BA. If from 
any points of the axis, as from a, h, d9 we raife the 

per- 

of hii 
doing 
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Rrfcovlch’s perpendiculars a g, b r, d h, the fegments of the axis 
Syftem of A a, A b, A d, are called abfciffes, and reprefent the dif- 

tances of any two points of matter from one another; 
yi and the perpendiculars ag, b r, db9m called ordinates, 

and exhibit the repulfive or attraftive force, according 

as it lies on the fame fide with D, or on the other fide 

of the axis. 
Now it is evident that, in this form of the curve line, 

the ordinate ag will be increafed beyond whatever li¬ 
mits, if the abfcifs A a be leffened likewife beyond what¬ 
ever limits ; that if this abfcifs be increafed to A b, the 
ordinate will be leffened, and will pafs into b r, which 
will Hill be leffened as it approaches from b to E, where 
it will come to nothing ; that then, the axis being in¬ 
creafed to A d, the ordinate will change its diredlion in¬ 
to b h, and, on the oppofite fide, will increafe at fir ft 
to F, then it will decreafe through i l as far as G, where 
it will again vanifh, and again change its dire&ion in 
m n to the former; and that, in the fame manner, it 
will vanifh and change its dire&ions in all the fe&ions 
1, L, N, P, R, until the ordinates op, v s, become of a 
conftant dire&ion, and decreafe, at lead fenfibly, in a 
reciprocal duplicate proportion of the abfciffes A o, 
A v. Wherefore, it is manifeft, that by fuch a curve 
are expreffed our forces; at firil repulfive and increafing 
beyond all limits, the diftances being leffened in like 
manner, and which decreafe, the fame diftances being 
augmented; then vanifh, change their dire&ion, and be¬ 
come attractive ; vanifh again, and become repulfive; till 
at laft, at fenfible diftances, they remain on the fide 
oppofite to D, and are attractive in a duplicate recipro¬ 

cal proportion of the diftances. 

We may alfo obferve that the ordinates may increafe 

or decreafe rapidly, as in y v, z t, or flowly, as in v x, 
s c ; and, consequently, that the forces may increafe or 
decreafe in like manner. We may add, that the curve 
may return back without interfering, or even touching, 

the axis, as in/, and may return after having touched 

the fame axis. 
Although this curve expreffes very clearly the repul- 

five and attractive forces of our fyftem, yet, at firft 
fight, it may appear to be a complicated irregular line. 
But the author (hews that- his curve is uniform and re¬ 
gular, and may be expreffed by one uniform algebrai¬ 
cal equation ; which it will be neceffary for us to con- 
fider, in order to give fatisfadtion to our readers, and to 

3 do juftice to the theory. 
The fimpli- Wherefore, from what we have feen, the curve muft 
city of this have the following fix conditions : ift, It muft be regular 
curve pro- an(j fimp]e> an not compofed of an aggregate of arches 

of different curves, zdly, It is neceftary that it cut the 
axis C'AC in certain given points only, at two equal 
diftances on each fide AE', AE, AG , AG, and fo on. 
$dly, That to every abfcifs an ordinate correfpond. 
4thly. That if we take equal abfcijfes on each fide of A, 
they have equal ordinates. 5thly. That the right line 
AB be an afymptote, the area BAED being afympto- 
tical, and confequently infinite. 6tbly, That the arches 
terminated by any two interfedlions may be varied at 

pleafure, and recede to any diftance from the axis C’AC, 
and approach at pleafure to whatever arches of what¬ 
ever curves, cutting them, touching them, or ofcula- 

ting them, in any place and manner. 
In order to find an algebraical formula expreftmg 

the nature of a curve line that would anfwer all thefe 

ved. 
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fix conditions, let us call the ordinate y, the abfcifs x, Bufcovich’s 

and let it be made x x = s. Then let us take the values S^em f 

of all the abfciffes AE, AG, AI, See. with the nega- phi[ofbphy 
tive fign, and let the fum of the fquares of all thefe va- u—y— 
lues be called a, the fum of the products of every two 
fquares b, the fum of the produ&s of every three, c, 

and fo on ; and let the produdi of all of them be cal¬ 
led yi and the number of the fame values m. All this 
being fuppofed, let it be made zm -f- a % m~~i+ bz m~~z 

cz W““J See. +/— P. If we fuppofe P equal to no¬ 
thing, it is clear that all the roots of that equation will 
be real and pofitive ; that is, the fquares only of the 

quantities AE, AG, AI, Sec. which will be the values 
of z ; and therefore, as it is x fzz z, becaufe it is 
x x = z, it is likewife clear that the values of * will be 
both AE, AG, AI, pofitive, and AE', A'G\ &c. ne¬ 

gative. 
This being done, let any quantity be multiplied by 

z, providing it hath no common divifor with P, left 
z vanifhing, it likewife might vanifh ; and having made 
x an infinitefim of the firft order, it may become an 

infinitefim of the fame, or of a lower order, as will 
be whatever formula zr + g zr~~l + h z r~~2 8cc. + l; 
which, being fuppofed equal to 0, may have as many 
imaginary, and as many and whatever real roots, pro¬ 

viding none of them be thofe of AG, AE, AT, See* 
either pofitive or negative. If then the whole formula 

be multiplied by z, let this produdl be called 
If we make P—= °> this equation will fatisfy 

the five firft conditions above mentioned ; and the va¬ 
lue of QJ^eing properly determined, the fixth condition 

alfo may be complied with. 
For, in the firft place,, feeing the value P and Q^are 

made equal to 0, they have no common root, and there¬ 
fore no common divifor. Hence this equation cannot 
be reduced to two by divifion; and therefore it is not 
compofed of two equations, but is fimple, and therefore 
exhibits one fimple Continued curve, which is not com¬ 
pofed of any others; which is the firft condition. 

Secondly, The curve thus expreffed will cut the axis 

CAC in all the points E', G, I, Sec. and G',.&c. and in 
them only 1 for it will cut that axis only in thofe points 
in which y = 0, and in all of them. Moreover, where 

it will bey = 0, it will alfo be Q_y -0; and therefore, 
becaufe of P—Q^y =: 0, it will be P = 0. But this 
will happen only in thofe points in which z will be one 
of the roots of the equation P = 0 ; that is, as we have 
feen above, in the points E, G, I, or E', G', Sec. : 
wherefore, only in thofe points will y vanifh, and 
the curve cut the axis. Again, that the fame curve 
will cut it in all thefe points, is clear from this, that in 
them all it will be P = 0. Wherefore it will likewife 
be Q^y zz 0; but it will not be Qjzz 0, feeing there is 
no common root of the equations P =r 0 and 0 ; 
it muft therefore be y =: 0, and the curve will cut the 
axis : and thus the fecond condition is fatisfied. 

Befides, whereas it is P—Qjv 0, it will be y =='q^ 

the abfcifs x being, however, determined, we will have 
a certain determinate quantity for z ; and thus P, 

will be determined, and the only two of the kindT 
Wherefore y alfo will be foie and determined; and 
therefore to every abfcifs z, one only ordinate y will' 
correfpond. This is the third condition. 

Again, whether x be affumed pofitive or negative,, 
pro* 
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flvich’a providing1 it be of the fame length, fhill the value z zs xx 
em of wi]j tJje fame, and therefore the values of both P 

1lt,ura^ and O will be the fame : wherefore y will flill be the 
fame Taking, therefore, equal abfcifles % on both 

tides of A, the one pofitive, the other negative, they 
will have equal correfpouding ordinates. This is the 

fourth condition. 
If a; be leffened beyond all limits, whether it be po- 

titive or negative, z likewise will be leffened beyond all 
limits, and will become an infinitetim of the fecond or¬ 
der wherefore, in the value P, all the terms will de- 

creafe in injintlum, except in y, becaufe all the reft be¬ 

tides it are multiplied by z ; and thus the value P will 
be as yet finite. But the value Q^, which has the for¬ 
mula multiplied by as, will be leffened in infinitum, and 

will be an infinitetim of the fecond order : therefore 

~~ y will be augmented in infinitum, fo as to become an 

infinite of the fecond order. Wherefore the curve will 
have the right line AB for an afymptote, and the area 
BA ED will increafe in infinitum : and if the ordinate 
y be affumed pofitive on the fide AB, and exprefs re¬ 

pulfive forces, the afymptotic arch ED will lie on the 

fame fide AB. This is the fifth condition. 
Now the value Q_can be varied in infinite manners ; 

fo that flill the conditions for which it was affumed may 
lie fulfilled ; and therefore the arches of the curve in¬ 
tercepted by the interfe&ions may be varied in infinite 
manners ; fo that the firft five conditions of the curve 
may be implemented : whence it follows that they 

may be fo varied that the fixth condition may alfo be 

anfwered. 
For if there be given, however many, and whatever 

arches of whatever curve, providing they be fuch that 
they recede always from the afymptote AB, and thus 
no right line parallel to that afymptote cut thefe arches 

in more than one point, and in them let there be ta¬ 
ken as many points as you pleaie, and as near one ano¬ 
ther ; it will be eafy to affume fucli a value of P, that 
the curve fhall pafs through all thefe points, and the 
fame may he varied infinitely ; fo that flill the curve 

will pafs through all the fame points. 
Let the number of points affumed be what you pleafe 

— r, and, from every one of fuch points, let right lines 

be drawn parallel to AB, as far as the axis C'AC, which 
mufl be the ordinates of the curve that is fought; and 
let the abfciffes from A to the faid ordinates be called 
MSM*, M\ &c. and the ordinates 'N‘,'N2, 'N3, See. 
Let there now be taken a certain quantity Asr-f B^"1 

-f Czr~2+Gz, and let this quantity be fuppofed equal 
to R. Then let another fuch quantity T be affumed, 

fo that * vanifhing, whatfoever term of it may vamfh, 
and fo that there be no common divifor of the value of 

P, and of the value of R + T: which may be eafily 
done, feeing all the divifors of the quantity P are 
known. Let it now be made Q=: R+T, and then the 

equation of the curve will be P—Ry—'Tyzzo. Af¬ 
ter this, let there be put in the equation Mi, M2, M3, 
fucceffively for *, and N1, N2, N3, &c. for y ; we will 
have a number of equations equal to r, wdiich will con¬ 

tain the values of A, B, C, . . . . G, each of them of one 
dimenfion, in number likewife equal to r ; and, beiides, 

we will have the given values of Mi, M2, &c. Ni, N2, 
N*, &c. and the arbitrary values which in T are the 

coefficients of z. 
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By thefe equations, which are in number r, it will Bofcovicb 
be eafy to determine the values A, B, C, . . G, which 
are likewife in number r, affuming in the firft equation, 
according to the ufual method, the value A, and fub- —-y. 
flituting it in all the following equations ; by which 
means the equations will become r—1, Thefe, again, 
by throwing out the value B, will be reduced to r—2, 
and fo on until we come to one only ; in which the va¬ 
lue Q_being determined by means of it, going back, 

all the preceding values will be determined, one by each 

equation. 
The values A, B, C, . . . . G, being in this manner 

determined, in the equation P—R y—Ty—o, or P—• 
it is clear that the values Ml, M2, M3, &c. 

being fucceffively put for xy the values of the ordinate 

y mull fucceffively be Ni, N2, N3, &c. ; and, there¬ 
fore, that the curve mufl pafs through thefe given points 
in thofe given curves ; and flill the value Q_will have 
all the preceding conditions. For a being leffened be¬ 
yond whatever limits, every one of its terms will be 
leffened beyond whatever limits, feeing all the terms of 

the value of T are leffened which were thus affumed, 
and likewife the terms of the value R are leffened, 
which are all multiplied by % ; and, beiides this, there 
will be no common divifor of the quantities P and Q^, 

feeing there is none of the quantity P and R-f-H 
But if two of the nearefl of the points affumed in the 

arches of the curves, on the fame fide of the axis, be fup¬ 
pofed to accede to one another beyond whatever limits, 

and at lafl to coincide, which will be done by making 
two M equal, and likewdfe two N equal; then the curve 

fought will touch the arch of the given curve ; and if 
three fuch points coincide, they will ojculate it: nay, as 
many points as we pleafe may be made to meet together 
where we pleafe ; 3nd thus we may have oficulations of’ 
what order we pleafe, and as near one another as we 
pleafe, the arch of the given curve approaching as we 
pleafe, and at whatever diflances we pleafe, to what¬ 
ever arches of whatever curves, and yet flill preferving^ 
all the fix conditions required for expreffing the law of 
the repulfive and attractive forces. And whereas the 
value of T can be varied in infinite manners, the fame 
may be done in an infinite number of w'ays ; and there¬ 
fore a fimple curve, anfwering the given conditions, may 

be found out in an infinite number of ways. E. F. 
What we have faid will, we hope, fatisfy our readers, 

and efpecially thofe of them who are in the leafl ac¬ 
quainted with high geometry, that Bofcovich’s curve is 

fimple, regular, and uniform ; and that therefore the 
law of repulfive and attra&ive forces, expreffed by it, is 

fimple and regular. 

II If this fyflem were a mere hypothefis, it would 

flill be very ingenious, and, from what we fhall fay af¬ 
terwards, would flill be well adapted for explaining the 
phenomena of nature. But its author is far from look¬ 
ing upon it as an arbitrary fuppofition ; he affures us 

that he was led to it by a chain of flri& reafoning, from 
evident principles. We fhall now give an abridgement 
of that reafoning from his Differtations on the Law of 
Continuity, and from his Theory of Natural Philofophy. 

He tells us, then, that in the examination of Leib-proof*0f 
nitz’s opinion of the vires viva, he came to confider the theory 
the collifion of bodies, and took for example two equal 
bodies A proceeding with fix degrees of velocity, and 

B following with the velocity of 12; after the colli¬ 
fion, 
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Befcovlch’s fion, they proceed jointly with the common velocity 
Syftem of Now, in the moment of collifion, it either happens 

philofopny t^iat A pafles abrubtly from the velocity 6 to the velo- 
-city 9, without palling through the velocity 7 and 8, 

and B pafles from 12 of velocity to 9, without palling 
through 11 and 10; or elfe there mull be fome caufe 
which accelerates the one and retards the other be¬ 
fore they come to contact. In the firfb cafe, the law 
of continuity is broken ; in the fecond, immediate con¬ 
tact of bodies would be rejeded. Maclaurin faw this 
difficulty, and mentioned it in his work on Newton's 

Difcoveries, 1. I. c. 4. He, not having courage to re¬ 
cede from the common opinion, allowed a breach, in 
fuch cafes, of the law of continuity ; but Bofcovich 
maintains the univerfality of the law of continuity ; and 
holds that no bodies touch one another really and ma- 

s thematically, but only phyfically and fenfibly to us. 

The law of The law of continuity is that by which variable quan- 
continuity titles y paffing from one magnitude to another, pafs through 
proved all the intermediate magnitudes, without ever abruptly paf 

fmg over any of them. This law Bolcovich proves to 
be univerfal, in the firft place, from indudion. Thus 
we fee that the diftances of two bodies can never be 
changed without their paffing through all the inter¬ 
mediate diftances. We fee the planets move with dif¬ 
ferent velocities and diiedions ; but in this they (fill 
obferve the law of continuity. In heavy bodies projec¬ 

ted, the velocity decreafes and increafes through all the 
intermediate velocities : the fame happens with regard 
to elafticity and magnetifm. No body becomes more 
or lefs denfe without paffing through the intermediate 
denfities. The light of the day increafes in the morn¬ 

ing and decreafes at night through all the intermediate 
poffible degrees. In a wqrd, if we go through all na¬ 
ture, we fhall fee the law of continuity flridly take 
place, if all things be rightly conlidered. It is true, 
we fometimes make abrupt paffages in our minds ; as 
when we compare the length of one day with that of 
another immediately following, and fay that the fecond 
is two or three minutes longer or fhorter than the for¬ 
mer, paffing all at once, in our way of fpeaking, round 

the globe ; but if we take all the longitudes, we ffiall 
find days of all the intermediate lengths. We likewife 

fometimes confound a quick motion with an inftantane- 
ous one : thus, we are apt to imagine that the ball is 
thrown abruptly out of the gun ; but, in truth, fome 

fpace of time is required for the gradual inflammation 
of the powder, for the rarefadion of the air, and for 
the communication of motion to* the ball. In like man¬ 
ner, all the objections made againft the law of continui- 

^ ty may be folved to fatisfadion. 

A breach of But however ftrong this argument from judgment 
|law may appear to be, yet Bofcovich goes farther, and 
wnpoflible. maintains, that a breach of this law, in the proper cafes, 

is metaphyfically impoffible. This argument he draws 
from the very nature of continuity. It is effential to 
continuity that, where one part of the thing continued 
ends and another part begins, the limit be common to 

both. Thus, when a geometrical line is divided into 
two, an indivifible point is the common limit to both : 
thus time is continued; and therefore where one hour ends, 

another immediately begins, and the^ common limit is 
an indivifible inftant. Now, as all variations in variable 
quantities are made in time, they all partake of its con¬ 

tinuity ; and hence none of them can haften by an 
Suppl. Vol. I. Part I. 
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abrupt paflage from one magnitude to another, without Bofcovich** 

paffing through the intermediate magnitudes. As we 

cannot pafs from the lixth hour to the ninth without phdofophv 
paffing through the feventh and eighth 5 becaufe, if we 1 ^v- - 7 
did, there would be a common limit between the fixtli 

hour and the ninth, which is impoffible; fo likewife you 
cannot go from the diftance 6 to the diftance 9 without 

paffing through the diftances 7 and 8 ; becaufe, if you 
did, in the inftant of paflage you would be both at the 

diftance 6 and at the diftance 9, which is impoffible. In 
like manner, a body that is condenfed or rarefied can¬ 
not pafs from the denfity 6 to the denfity 9, or vice 

verfa, without paffing through the denfities 7 and 8 ; 
becaufe, in the abrupt paflage, there would be two den¬ 
fities, 6 and 9, in the fame inftant. The body muft 

pafs through all the intermediate denfities. This it may 
do quickly or flowly, but ftill it muft evidently pafs * 
through them all. The like may be faid of all variable 
quantities ; and thence we may conclude, that the law 
of continuity is univerfal. ? 

But, in creation, is there not an inftance of an abrupt Objections 
paflfage from non-exijlence to exiflence P No, there is not ;ro this l*w 
becaufe before exiflence a being is nothing, and there- anfwered* 
fore incapable of any ftate. In creation, a being does 
not pafs from one ftate to another abruptly ; it pafles 
over no intermediate ftate: it begins to exift and to 
have a ftate, and exiflence is not divifible. Do we not, 

at leaft, allow of an abrupt paflage from repulfive to 
attradive forces in our very theory itfelf ? We do not. 

Our repulfive forces diminiffi, through all the interme¬ 
diate magnitudes, down to nothing ; through which, 
as a limit, they pafs to attradion. In the building of 
a houfe or fliip, neither of them is augmented abruptly; 
becaufe the additions made to them are effeded folely 

by a change of diftances between the parts of which 
they are compofed : and all the intermediate diftances 
are gone through. The like may be faid of many 

other fuch cafes ; and ftill the law of continuity re¬ 
mains firm and conftant. 

Let us now apply this dodrine to the cafe above Impoflib;. 
mentioned of the collifion of two bodies. We fay that Hty of con* 

the body B cannot pafs from the velocity 6 to the ve-ta(^ be~ 

locity 9 without paffing through the velocities 6 and 7;^egCn bo" 
becaufe if it did, in the moment of contad of the two 
fuperficies it would have the velocities 6 and 9. Now 

a body cannot have two velocities at the fame inftant. 
For if it had two actual velocities at the fame time, it 
would be in two different places at the fame time : if 
it had two different potential velocities or determinations 
to a certain velocity, it would be capable of being, after 
a given time, in two places at once—both which are 
impoffible. It is therefore neceffary that it go through 
the velocities 7 and 8, and through all the parts of 
them. What we have faid of the bodies A and B may 

be faid univerfally of all bodies. Therefore no two bo¬ 
dies in motion can come to immediate contad ; but 

their velocities muft undergo the fucceffive neceffary 
change before contad. And as the velocity to be ex- 
tinguiffied may be fncreafed beyond all limits, an ade¬ 
quate caufe to effed this extindion muft be admitted. 

This naturally leads us to the interior repulfive forces n & 

of our fy Hem; for the caufe retarding the one body forces07* 
and accelerating the other muft be a force, becaufe by 
this we mean a determination to motion ; and it muft 

be repulfive, becaufe it ads from the body ; and it muft 

O increafe 
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xncreafe beyond all limits, feeing the velocity of the in 
curring bodies may be increafed beyond all limits. It 

mult like wife be mutual, becaufe a&ion and rea&ion are 

always equal, as may be proved by indudion. 
From thefe repulfive forces Bofcovich deduces the 

inextenfion of his atoms : for this repulfiou being com¬ 
mon to all matter, mult caufe a perfed fimplicity in the 
firft'elements of body. If thefe elements were extend¬ 
ed, and confequently compounded of particles of an in¬ 

ferior order, thefe particles might poffibly be feparated, 

and then they might meet, and an abrupt paflage from 
one velocity to another might take place, which we 
.have excluded from nature by indudion, and by a pofi- 

tive argument. 
Befides this, by rejeding the extenfion of the firft 

elements of matter, we get rid at once of all the diffi¬ 

culties arifing from continued extenfion in body, which 
have always perplexed the philofophers, and have never 
been fatisfadorily explained. If the elements of matter 
are extended, each of them may be divided in infinitum, 
and each part may ftill be divided in infinitum. Can 
this divifion be adually made by the power of God or 
not ? Can there be one infinite in number greater than 
another ? Can there be a compound without a Jhnple of 
the fame kind ? Thefe difficulties regard not fpace, 
which is no real being ; but they would regard matter 
if it had continued extenfion. All thefe perplexities 
are removed by maintaining, as Bofcovich does, that the 

firft elements of bodies are perfedly fimple, and there¬ 

fore inextended (a). 

With regard to the exterior attra&ive forces of our 

fyftem, there can be no queftion ; feeing they conftitute 
univerfal gravity, the effedls of which we fee and feel 
every day. But between the interior repulfive and ex¬ 

terior attractive forces we muft admit many tranfitions 
from repulfion to attradion, and from attra&ion. back 

to repulfion, in infenfible diftances, which are indicated 
to us by cohefion, fermentation, evaporation, and other 

phenomena of nature. And thus we have given, in 

fhort, Bofcovich’s proofs of his whole fyftem. 
III. This fyftem has been well received by the learn¬ 

ed in Europe, and has contributed much to render its au¬ 
thor famous ; yet many objedions againft it have been 
propofed. Some are ftartled at the rejedion of all imme¬ 
diate contad between bodies : and indeed Bofcovich is 
perhaps the firft of mankind’who advanced that opi¬ 

nion ; but he allows that bodies approach fo near to 
one another, as to leave no fenfible diftance between 

them ; and his repulfive forces make the fame impreffion 

on the nerves of our fenfes as the folid bodies could do. 
And th^efore this opinion of his, however new, is no¬ 

wife contrary to the teftimony of our fenfes. He only 

removes a prejudice which was before univerfal. 
Some fay, that they cannot even form an idea of an 

^extended atom, and that Bofcovich reduces all mat¬ 

ter to nothing : but certainly extenfion is not neceffary 
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being, as muft be allowed for the eiTence of a being, as muft he allowed by all Bofcovich’* q 

tliofe who hold that fpirits are inextended. Becaufe 

all the bodies that fall under our fenfes are extended, we philofophy 
are apt to look upon extenfion as effential to matter; w— 
but this error may be corre&ed by reflection, and an 
idea of an inextended atom may be formed, by confider- 
ing the nature of a mathematical point, which is the 

limit of any two contiguous parts of a line. 
Others again have faid, that if the elements of mat¬ 

ter were void of extenfion, there would be no diffe¬ 
rence between body and fpirit* But the difference be¬ 
tween body and fpirit does not confift in the having or 
not having extenfion ; but in this, that the. atoms of 
matter are endued with repulfive and attra&ive forces, 

which fpirit has not; and fpirit has a capacity of thought 

and volition which bodies have not. 
We may here obferve, that among the ancients Zeno, 

and among the moderns Leibnitz, held, that the firft. 

principles of matter are inextended points. But both 
held this opinion with the inconfiftency, that they main¬ 
tained the continued extenfion of bodies, without ever 

being able to ihew how continued extenfion could arife 

from inextended elements. 
It has been objeaed likewife, that our repulfive and 

attraaive forces are no better than the occult qualities 
of the Peripatetics. The like objeaion has been made 

to Newton’s attraaion : but the anfwer is eafy. We 
obferve the effeas, and take notice of them : for them 
we muft admit an adequate caufe, .without being able 
to determine, whether that caufe is an immediate law 

of the Creator, or fome mediate inftrument that he 

makes ufe of for that purpofe. 
Some are unwilling to give up the idea of motion oc- 

cafioned by immediate impulfe : but can they ffiow a 
good reafon why fome dfiance may not occafion motion 

as well as no dfiance? Thefe are the principal objec¬ 
tions that have been made againft the Bofcovichian 

^ IV. Before we proceed to the explication of pheno-Obfem- 
mena by means of our theory, we muft advert, that in 10 
the curve expreffing this theory, the abfciffes denote ^ curve 

the diftances between the atoms that are under confi- 
deration ; the ordinates give the prefent force, and the 
area between any two of thefe ordinates gives the fquare 
of the velocity generated between them; the arches are 
either repulfive or attraaive, according as they fall up, 

on the fame fide with the afymptotic curve EG, or on 

the oppofite fide. 
We muft, in the next place, confider the paiiages 

from one fide of the axis to the other. Sometimes the 
paffage is from repulfion to attra&ion, at other times 14 
from attra&ion to repulfion. The firft arc called limits Limitsol 
of cohefion, becaufe a particle removed from that limit coheiion, 

returns back to it; becaufe if it is removed to a greater-* * 
diftance it is attraded back, and if it is removed nearer 
it is repelled back. The fecond are called limits of non- 

cohefion ; t 

13 

(A) If a particle of matter is not extended, in what refpeft does it differ from a point of fpace ? Says Bofco¬ 
vich it is endowed with attraaive and repulfive forces. What is this ,1 before it is thus endowed ? Doesnt then 
differ from a point of fpace l We can form no notion of any fuch difference. But a point of fpace, considered 
as an individual, is diftinguifhed from, another individual only by its htuation r it is therefore immoveable. b 
matter is moveable. Have thefe forces, then, which make matter an objeft of fenfe, any fubftratum, any th g 

in which they are inherent as qualities l What are the things which thefe qualities diftinguifh from each other 

individuals? 
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Bofcovich’s cohefion ; becaufe a particle removed thence to a great- 
Syftemaf er diftance is repelled ftill further, and if removed near- 
Natural er jg attra£ed ftill nearer. Of the firft kind are 

Philofophy. ^. Qf t^e fecond are G, L. Likewife, when the 

curve touches the axis, it may either be an attractive 

part of the curve, or a repullive part. Thefe limits 
may be nearer one another, or farther away ; and the 
limits of cohefion may be ftronger or weaker, accord¬ 

ing as the forces near them are greater or lefs. 
Bofcovich confiders minutely the effeCts of thefe va¬ 

rieties of limits and forces ; firft with regard to two 
points, then with regard to three and four, demonftra- 
ting the great variety of forces that may arife from 
thefe various combinations, and (hewing how from Am¬ 
ple atoms a great variety of bodies may be formed. He 
particularly proves, that, from the various pofition of 
the atoms, they may either always repel or always at- 

:ompofi- trad other atoms, or do neither. Four atoms may 
ion of bo- form a pyramid, eight may form a cube, and fo on, in 
lies. regular or irregular figures. Particles of the lowed or¬ 

der may compofe particles of a fecond order, thefe of a 
third, and fo on. This he exemplifies by a library, in 
which the letters of the books fhould be compofed of 
fmail points, placed fo near one another as that their 
diftance could not be perceived without the help of a 
microfcope. Here the letters will be compofed of 
points, the words of letters, and all the variety of books 

on different fubjeCts, ’and in different languages, would 
be compofed of words. In like manner, he fays, his 
atoms may compofe particles, thefe may compofe others 
of different orders, of which may be formed various 
bodies, animal, vegetable, air, fire, water, earth, whole 

planets, central bodies, the whole univerfe. 

The fyftem But to be more particular, our author proceeds to 
ipplied to apply his fyftem to mechanics, and demonllrates, with 
Hccount for jj-g Ufuaj accuracy and originality, what regards the 

centre of gravity, adion and readion, the collifion of 
bodies, the centre of equilibrium, and of ofcillation. Of 
thefe fubjeds he treats in the fecond part of his Theoria; 
to which we muft refer our learned readers, as it cannot 

be eafily abridged. 
In the third part of the fame work he proceeds to 

account for the general properties of matter, beginning 

mpenetra- with impenetrability. This naturally flows from the in- 
'ility, terior repulfive forces, which prevent the compenetra- 

tion of any two points. Befides, as the leaft part of 
fpace is divifible in infinitum, it is infinitely improbable 
that any two points fhould ever meet, feeing they have 
an infinite number of other lines in which they can 
move, befides the one that would join them. But an 
apparent compenetration might take place, if one body 
fhould meet another with fo great a velocity as not to 
give time to the repulfive forces to exert their adion. 
Thus an iron ball may pafs fwiftly near a ftrong mag¬ 
net, without being fenfibly attraded by it, which it 
would be if it, moved more flowly. Thus a ball from 
a gun paffes through a piece of wood fo quickly as to 
make only a paffage for itfelf, without breaking the 
neighbouring parts, which it would do were its mo¬ 

tion more flow. Gf this kind of compenetration we 
have a refemblance in light palling through pellucid bo- 

dies. 

-ohefion Cohefion has never been well accounted for by any 
* philofopher before Bofcovich. From his fyftem it fol¬ 

lows naturally, as we have feen in fpeaking of the limits 

of cohefion ; for when two atoms are placed in a limit Bofcovich'® 
of that kind, they neceffarily cohere more or lefs ftrong- 

ly, according as that limit is ftronger or weaker. From p}^,atp ra/ 
the cohefion of the atoms arifes the cohefion of com-. U *'* 
pounded particles, and confequently of fenfible bodies. 

f rom the cohefion of particles arifes the extenfion of £xtenfion 
bodies; becaufe there muft always be fpace between the 

particles. However, it is evident that this extenfion is 
not formed of a continuity of matter ; though it may 
appear to be fo to our fenfes, which cannot perceive 

the fmail intermediate diftance between the parts of fome 
bodies, and much lefs the diftances between the limple 
elements of which they are compofed. 

Extenfion of bodies involvesfgurability; becaufe eve- Figure, 

ry extended body muft be furrounded by fome fuperfi- 
cies of a certain figure ; but the fupsrficies of bodies 
can never be accurately determined, upon account of 

the inequalities in all furfaces. We take, however, that 
figure for the true one which the body appears to come 

neareft. Thus we call the earth a globe, notwitbftand- 
ing the hills and valleys that are on it. 

Under the fame figure, and of the fame magnitude, 
there may be contained very different quantities of mat¬ 
ter. Hence we come to the confideration of clenfity. 
That body is mod denfe which contains in the fame 
fpace the greateft number of atoms, and vice verfa. 

This deniity may be increafed beyond any given li- £)enfity 
mits by the nearer approach of the atoms to one ano- 3 
ther. Hence a body of any given magnitude, however 

fmail, may come to be divifible beyond any given li¬ 
mits. . 

Mobility, which is likewife reckoned among the ge- Mobility, 
neral properties of body, is effential to our fyftem, fee¬ 
ing an effential part of it confifts in forces, which are de¬ 
terminations to motion, at leaft in certain diftances. 

Univerfal gravity in fenfible diftances is likewife a Gravity, 

branch of our theory. On which fubjeCt it may be ob- 
ferved, that perhaps our curve, after it has extended 
beyond the lphere of the comets moft diftant from the 
fun, may depart from its afymptotical nature, and ap¬ 
proach to the axis, interfedt it, and pafs to repulfion. 
This would effectually anfwer the objection made by 
fome againft Newton’s attraction, when they allege, 
that, from his opinion, it would follow, that the fixed 
ftars, and all matter, would be drawn together into one 
mafs. If fuch a repulfion takes place, it may foon pafs 
again into attraction, and form limits of cohefion ; fo 
that our fun may be in fuch a limit with regard to the 
fixed ftars, and our planetary fyftem make only a fmail 
part of the whole univerfe. And this may luftice con¬ 
cerning the general properties of matter. 

Let 11s now defeend to fome particular claffes of bo- Fluidity 
dies, of which fome are fluid, others folid. The parts ^ 
of fluid bodies are eafily feparated, and eafily moved 
round one another, becaufe they are fpherical and very 
homogeneous; and hence their forces are directed more 
to their centres than to one another, and their motions 
through one another are lefs obftruCted. Between the 

particles of fome of them there is very little attraction, 
as in fine fand or fmail grains of feed, which approach 
much to fluidity. The particles of fome others of them 
attraCl one another fenfibly, as do thofe of water, and 
ftill more thofe of mercury. This variety arifes irom 

the various combinations of the particles themfelves, of 
which we have already taken notice. But in air the 

O 2 particles 
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particles repel one another very ftrongly ; and hence 
comes that great rarefaction, when it is not compreffed 

by an external force. Its particles mull be placed in 

ample limits of repulfion. 
Solid bodies are formed of parallelopipeds, fibres, and 

of irregular figures. This occafions a greater cohefion 

than in fluids, and prevents the motion of the parts 
round one another ; fo that when one part is moved all 

the reft' follow. Of thefe bodies fome are harder, whoie 
particles are placed in limits which have ftrong repul- 
five arches within them ; others are foiter, whole parti¬ 

cles have thofe arches of repulfion weaker. Some are 
flexible, the particles of which are placed in limits that 
have weak arches of repulfion and attraction on each 

fide ; and if thofe arches are fhort, the particles may 
come to new limits of cohefion, and remain bent: but 
if the arches are longer, the former repulfion and attrac¬ 

tion will continue to aCl, and bring back the body to 
its former pofition ; nay, in doing this with an accele¬ 
rated velocity, the parts will pafs their former limits, 
and vibrate backwards and forwards, as may be feen in 
a bended fpring. Thus elafticity is accounted for. 

Vifcous bodies ftand in the middle between folid and 
fluid. Their particles have lefs cohefion than the fir ft, 

and more than the fecond : they Hick to other bodies 
by an attraction which their particles have from their 
compofition. In like manner water itfelf flicks to fome 

bodies, and is repelled by others. All which arifes 
from the different compofition of the particles, which 

gives a variety of refpeCtive forces. 
What appears very wonderful in nature, is the com¬ 

pofition of organic bodies. But if we confider that 

particles may be fo formed, that they may repel fome 
and attraCt others, the whole of vegetation, nutrition, 
and fecretion, may be underftood, and follows from our 

fyftem. And as one particle may attraCt another in 
one part only, and repel it in every other fituation, 
hence may be gathered the orderly fituation of the par¬ 

ticles in many cryftallizations. The great variety of re- 
pulfive and attractive forces, or limits of cohefion, of 
the pofition of atoms, and of combinations of particles, 

will account for all thefe phenomena. 
The chemical operations, which arc fo curious in 

| themfelves, and fo ufeful to fociety, are well explained 
’ by Bofcovich’s fyftem, and ferve as a confirmation of its 

truth. Of this we fhall give fome inftances. When 
fome folids are thrown into fome liquids, there hap¬ 
pens to be a greater attraction between the particles of 

the folid and of the liquid than there is between the 

particles of the folid itfelf. Hence the particles of the 
folid are detached and furrounded by the fluid ; this 
mixture retaining the form of globules, and therefore 
continuing to be fluid. This is called folution. But 
when the folid particles are covered to a certain depth, 
the attractive forces ceafe on account of the different 

diftances, and no more of the folid is detached. T hen 
the fluid is faid to be faturated. If into this mixture 
another folid be put, the particles of which attraCt the 
fluid more ftrongly, and perhaps at greater diftances 
than the particles of the former ; then the fluid will 
abandon the former and cleave to the latter, diffolving 
them, and the particles of the former will fall to the 
bottom in the form of powder, into which they had 
been reduced by the folution. This feparation is called 

precipitation. Perhaps rain arifes from a precipitation 
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of this kind, when the aqueous particles are left by the Bcfcovich'i 
air, which is more ftrongly attracted by fome other par- sy[hm of 

tides floating in the atmofphere. . # PhilofoSL 
Fluids of the fame fpecific gravity are eafily mixed ; >_ 

and even though the fpecific gravity be different, the 
particles of the one attraCt thofe of the other, in fuch a 
manner that they feem to form one fluid by a kind of 
folution. Nay, it happens that two fluids mixed toge¬ 
ther form a folid, becaufe their particles come to be in 

the limits of cohefion. They may even occupy lefs 
fpace than they did before, by being attracted into lefs 

diftances between- their parts. 
Fermentation is a neceffary confequence of our fyf¬ 

tem. For when bodies, vvliofe particles, by the variety 

of their compofition, are endued with different forces, 
come to be mixed, there muff arife an agitation of the 

parts, and an ofcillation among them; fome times great¬ 
er, fometimes lefs, according to the nature of the par¬ 
ticles. This agitation is flopped by the expulfion of 

fome particles, by the intrufion of others into vacant 
fpaces, and by the impreffion of external bodies; but 
always there is a change in what remains, becaufe there 

is a new difpofition of particles. 30 
Fire confifts in a violent fermentation of fulphure- Fire andfu« 

ous matter, efpecially when it meets with the matter Aon, &c, 

of light in any quantity. This fermentation agitates 

ftrongly the parts of other bodies, feparates them from 
one another, and often throws them into a flate of fu- 

fion ; the cohefion between their parts being broken, 
and they being thrown into a circular motion. In this 

flate they may be often mixed together, fo as to form 
one body ; they may be again feparated by the aCliou 
of the fame fire, which evaporates fome of them fooner, 

fome later. Hence the art of fmelting metals. 
When, in the agitation occafioned by fire, fome of 

the particles are thrown out into an arch of repulfion, 

they may fly off and evaporate. Sometimes the whole 
body may be thrown into a ftrong repulfion and volati¬ 
lization, or a fudden explofion take place ; when, be¬ 

fore the particles are near an equilibrium, a fmall force 
may occafion a great change ; as the foot of a bird may 
occafion the fall of a great rock, which was before al- 
moft detached from a mountain. In evaporation, the 

bodies that remain affume a particular figure, as all 
falts do ; and this upon account of their particles ha¬ 
ving certain parts only that attraCt one another, and 
confequently occafion a particular difpofition. All 

thefe chemical operations evidently prove that there are 
in nature repulfive and attractive forces between the par¬ 

ticles of bodies at fmall diftances: which greatly con¬ 

firms our whole fyftem. . 31 
Bofcovich holds, that light is an effluvium, emitted Light, 

with great velocity from the luminous bodies by a 

ftrong repulfion. He explains all the moil remarkable 
properties of this extroardinary matter according to his 

own principles, and that with great acutenefs. On this 
fubjedl it is obfervable, that Newton faw the necefiity 
of admitting repulfive forces for the reflexion of light, 
which extend at fome diftance from the reflecting fur- 

face, and therefore refemble the repulfive forces of our 

theory. ^ ^ p 
Our author gives likewife a probable explication of£ie(ftricity 

eleClricity, according to Franklin’s ingenious hypotbe-and mag- 

fis, and likewife of magnetifm, deducing the whole of»etftm* 

the appearances from various attractions and repulfions. 
He 
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JMcovich’s He fuppofes that fire and the ele&rjcal fluid differ only 

Syftem of jn that firc ;s fn a£lual fermentation, and not fo 

PhiloSy.the elearical fluid. . 
<3 i.LI—v - - * Finally, he explains our bodily fenfations, in which 

33 ' he agrees pretty much with other philofophers ; except- 
Senfacion. jng jn this, that what they attribute to the immediate 

contad of bodies, or of certain particles emitted from 

them, he afcribes to attraaions and repullions ; which 
indeed are particularly fit for caufing that motion in 

our nerves, which is fuppofed to take place in the or¬ 
gans of fenfation, and to be thence communicated to 
the brain. 

It is to be obferved, that although Bofcovich main¬ 

tains that the very firft elements of matter are void of 
extenfion ; yet he allows, that of thefe elements, com¬ 
bined in a certain manner, may be formed extended 

particles of various figures, the parts of which may be 
t 24 f° coherent as to be fnfeparable by any power in na- 
ReconcUia- ture. By thefe means the opinion of thofe philofophers, 
tion of this who are fo fond of extended particles, may be in fo far 
with other gratified. Nay, the Peripatetics may, if they pleafe, 

* ’ adopt Bofcovich’s inextended atoms for their Materia 
Prima without any inconfiitency ; and his repulfive and 
attractive forces may ferve for their fubjlantial forms. 
And as God can make imprefiions on our fenfes inde¬ 
pendently of the atoms, their abfolute accidents may 
in fome fenfe be admitted. Nor would fome fuch ex¬ 

traordinary exertions of Divine Power favour idealifm 
in the ordinary courfe of nature. 

But what is of more confequence, it is more than 
probable, that had Newton lived to be acquainted with 
the Bofcovichian theory, he would have paid to it a very 
great regard. This we may conje&ure from what 
he fays in his laft queftion of optics ; where, after ha¬ 
ving mentioned thofe things which might be explained 
.by an attradiive force, fucceeded by a repulfive one on 
a change of the dillances, he adds, “ And if all thefe 
things are fo, then all nature will he very Ample, and* 
confiflent with itfelf, efFe&ing all the great motions of 
the heavenly bodies by the attraction of gravity, which 
is mutual between all thofe bodies, and almoft all the lefs 
motions of its particles by another certain attractive and 
repulfive force, which is mutual between thofe parti- 

35 cles.” And a little after, treating of the elementary 
Rfpecially particles, he fays: “ Now it feems that thefe elemen- 
that of tary particles not only have in themfelves the vis inertia, 
a ew on. an(j thofe pafiive laws of motion which neceflarily arife 

from that force, but that they likewife perpetually re¬ 
ceive a motion from certain aClive principles ; fuch as 
gravity, and the caufe of fermentation, and of the 
cohefion of bodies. And I confider thefe principles, 
not as occult qualities, which are feigned to flow from 
the fpecific forms of things, but as univerfal laws of na¬ 
ture, by which the things themfelves were formed. For 
that truly fuch principles exifi, the phenomena of na¬ 
ture fhew, although what may be their caufes has not 
as yet been explained. To affirm that every fpecies of 
things is endued with fpecific occult qualities, by which 
they have a certain power, is indeed to fay nothing ; 
but to deduce two or three general principles of mo¬ 
tion from the phenomena of nature, and then to explain 

how the properties and aClion of all corporeal things 
follow from thofe principles, this truly would be to have 
made a great advancement in philofophy, although the 

caufes of thofe principles were not as yet known. 

Wherefore I do not hefitate to maintain the above faid Bofcovich’* 
principles of motion, feeing they extend widely through 

all nature,” From this paffage we may fafely conclude, philofophy. 
that the great Britifh philofopher would have been —-j 

highly pleafed, had lie feen all nature fo well explained 

by the one fimple law' of forces propofed by the Ragu- 

fan- . . » 36 
Bofcovich himfelf was fo fully convinced of the truth Compari- 

of his fyflem, that he was wont to make ufe of the fol-fon °f this 

lowing comparifon : When a letter has been written in the ke 
occult characters, and we are endeavouring to decypher a cypher 
it, we make various fuppolitions of alphabets; and 
when we have found one according to which the whole 
letter comes to have a reafonable meaning, agreeable to 

all the circumftances of time, place, perfons, and tilings, 
we can entertain no doubt of our having difcovered the 
true key. of the cypher—fo, faid he, my fyflem explains 
fo well all the phenomena to which it has been properly 

applied, that I mull flatter myfelf that I have difcover¬ 
ed the true key of nature. 

The being accuflomed to contemplate fo deeply the Exigence 
univerfe and the materials of ’which it is compofed, made of God, 

Bofcovich fee moll clearly the evident necefiity of ad¬ 
mitting an all-powerful, intelligent, felf-exiftent Being, 
for the creation of thofe materials, and for the arrange¬ 
ment cf them into their prefent beautiful form. He 
w7as at a lofs to find words llrong enough to exprefs his 
furprife, that there fhould be any man, not to fay any 
one pretending to the name of philofopher, who could 

be fo deaf as not to hear the voice of nature loudly pro¬ 
claiming its Author from all, even the leaft of its parts. 

He gives 11s his fentiments on this, the moft important 
of all fubjeCfs, in the appendix to his Theoria, in which 
he treats of God and of the foul of man. 

There, in the firft place, he {hows the abfurdity of The worJd 
their opinion, who maintain that this world may have cannot be 
been the work of chance, the efFeCt of a jumble of felf- the effed of 
exiftent, felf-moving atoms ; becaufe chance is an empty chance; 

word without a real meaning. Whatever exills has its 
determinate caufe, and can only be called fortuitous by 
us on account of our ignorance of that caufe. Befides 
this, though the number of atoms compofing this world 
is finite, yet their pofiible combinations are many times 
infinitely infinite : for they may be placed in infinite pla* 

ces of an infinite line ; of thefe lines there is an infinite 
number in every plane, and of thefe planes there is an 
infinite number in fpace. Again, thefe points may have 
an infinite number of velocities in an infinite number of 
directions. From all this it is evident, that the combi¬ 
nations in which the points of matter may be, is infi¬ 
nite in a high degree, whereas duration can be infinite 
in only one dimenlion. Hence it is infinitely impro¬ 

bable that ever the prefent combination of things could 

come out.by chance. And this is fo much the more 
infinitely , improbable, becanfe the diforderly, chaotic 
combinations are infinitely more than the regular ones. 
The whole of matter might roll about in a blind motion 
for a boundlefs eternity, without ever being capable to 
produce one fingle mulhroom. 

. Moreover, had matter been in motion from all eter¬ 

nity, every atom would have deferibed an infinite line, 
and then a part of that line would be aflignable at an 
infinite diftance from the point of fpace in which the 

atom is at prefent: but an infinite line can never be run 

over 5 therefore the atom could never have come to its 

prefent 
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Nor have 
exifted 
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Attributes 
of God 
v/hich ap 

Bof ovich’s prefent place; and therefore the fuppofition is abfurd. 
Syftemof Nothing fuccefiive can be eternal with a pajl eternity, 

PhiLfcTh t^10U^1 'lt can continue without end. God alone can 
. 1 ‘he eternal 3nd a&ually infinite; but his eternity and 

infinity are beyond our comprehenfion. 
Neither can the world have exifted of itfelf in any 

thing like to its prefent form from all eternity ; for 
matter is perfectly indifferent to numberlefs hates, and 
to its prelent flate it muft be determined. This prefent 
hate is perfectly incapable of determining itfelf, becaufe 
this determination muff be previous to its exiflence. It 

muft be determined by the preceding hate, which is al- 
fo incapable of determining itfelf, and for its determina¬ 

tion we muh have recourfe to the hate before. Thus, 
though we go back to eternity, we fhall hill find a nul¬ 
lity of determination ; now an infinite fum of nothing is 

nothing: and therefore as the prefent hate of things could 
have no determination, it could not pofhbly exifl. 

-It is therefore evident that there muh be a Determi¬ 
ner extrinfic to the material word. This Determiner 
muh have an infinite knowledge of all the pofiible com¬ 

binations, and an infinite ele&ive creative power to chufe 
and create freely the combination he pleafed, in that 
point of eternity that he chofe, with all the numberlefs 

.circumhances that are agreeable to him. 
And here wliat a vah field of contemplation is laid 

open to a philofophic mind ! What a truly infinite 
knowledge was requifite to forefee fo many ends, and 

creation*16 f° many means requilite for obtaining thofe ends, as are 
contained in the creation! Let us confider light, for ex¬ 
ample, which was to be emitted for fo many ages from 
fo many luminous bodies, with fo great velocity, fo as 

to penetrate fo many mediums with different degrees of 
rehedlibility and refrangibility, with fo many other won¬ 

derful qualities ; at the fame time, fo many bodies were 
to be perfe&ly fitted for refle&ing this light in a cer¬ 

tain manner, and the animal eye was to be fo formed as 
to have a pi&ure of vifible obje&s painted on the bot¬ 
tom of it. — How many particular combinations were 
neceflary for all this ? What fhall we fay of the fo ma¬ 
ny herbs, flowers, trees, and animal bodies, as there are 
on this our earth ? All their kinds and fpecies, all the 
feries of their individuals, all their parts and particles, 
were forefeen, intended, and contrived, by one ad of 
the Divine Mind, Again, how wonderful are the hea¬ 

venly bodies, of what furprifing magnitude, moving in 

the mod beautiful order, at an immenfe diftance from 
one another ? To fay nothing of the numberlefs crea¬ 

tures that are beyond the reach of the belt telefcope, or 
below that of the microfcope. He who refieds ever fo 
little on thefe things, muft neceffarily fee the moft evi¬ 
dent proofs of an infinite power, wifdom, and provi¬ 

dence ; and he muft be filled with admiration and awful 
refped for the Creator and Ruler of the univerfe. 

Nor are we unconcerned fpedators of this grand 
fcene. God has been pleafed to make us enter deeply 
into his great plan of creation. He fingled us out 
among an infinite number of pofiible human beings, in 
order to call us into exiftence at a fixed period; and he 
has made a vaft number of his creatures contribute to 
the formation of thefe wonderful machines, our bodies, 
as likewife to our nourifhinent, to our prefervation, to 

qur necefiities, conveniences, and gratifications. Every 

4i 
Natural re¬ 
ligion. 

moment that we exifl, we are enjoying a great number Bofhmer., 

of benefits, exprefsly defigned for us by that Supreme- 
Being. This evidently demands from us the higheft 

degree of gratitude, love, and obedience. 

Let us go a ftep ftill farther: Is it not very reafon-Rev*lation, 
able to fuppofe, that our God, who affords us fo many 
inftances of his beneficence towards us in the natural 
order, will alfo, out of compafiion to our weaknefs and 
ignorance, have favoured us with a more full and expli¬ 
cit manifeftation of himfelf, of our duties towards him, 
and of his intentions concerning us? According to Bof- 
covich and all true philofophers, reafon itfelf alone, and 

true philofophy, point out to us the probability at leaft 
of God’s having given us a ftill better and furer guide, 
by whofe dire&ion we may attain to that perfect happi- 

nefs which we naturally thirft after, and to which we 
muft have been defigned by our Maker. This is pro- 
bable from reafon alone ; and of this great fa& we are 

afcertained by unqueftionable authority. 
BOSHMEN have been generally defcribed as a di- 

ftinft race of Hottentots, who are enemies to the pafto- 
ral life (fee BosmES-Men, Encycl.) This M. Vaillant 
affirms to be a miftake ; and we think he has complete¬ 
ly proved that it is fo. “ Thefe infamous wretches 
(fays he) do not form a particular nation, nor are they 

a people who have had their origin in the places where 
they are now found. Bojhmen is a name compofed of 
two Dutch words, which fignify bujh-men, or men of the 
woods ; and it is under this appellation that the inhabi¬ 
tants of the Cape, and all the Dutch in general, whe¬ 
ther in Africa or America, diftinguifh thofe malefa&ors 

or affafiins who defert from the colonies, in order to 
efcape punifhment. In a word, they are what in the 
Britifh and French Weft India iflands are called Maroon 

Negroes. Thefe Bofhmen, therefore, far from being a 

diftind fpecies, are only a promifeuous affemblage of 
mulattoes, negroes, and maftizos, of every fpecies, and 

fometimes of Hottentots and bafters (fee Baster, Sup- 
plement), who all differing in colour, refemble each other 
in nothing but in villany. They are land pirates, who 
live without laws and without difeipline, abandoned to 

the utmoft mifery and defpair; bafe deferters, who have 
no other refources but plundering and crimes. They 
retire to the fteepeft rocks and the moft inaccefiible ca¬ 
verns, and there they pafs their lives. From thefe ele¬ 
vated places they command an extenfive profped over 
the furrounding plains, lie in wait for the unwary tra¬ 

veller and the fcattered flocks, pour down upon them 
with the velocity of an arrow, and fuddenly falling up¬ 
on the inhabitants and their cattle, flaughtei them with¬ 
out diftindion. Loaded with booty, and whatever they 

can carry with them, they then repair to their gloomy 
caves, which they never quit till, like the lions, hunger 
again impels them to frefh maffacres. But as treachery 
always marches with a trembling ftep, and as the pre¬ 
fence of one refolute perfon isfufficient to overawe whole 

troops of thefe banditti, they carefully fliun thofe plan¬ 

tations where they are certain that the owners them- 
felves refide. Artifice and cunning, the ufual refources 

of timid fouls, are the only means which they employ, 
and the only guides that accompany them in their ex¬ 
peditions.”—Vaillant's Travels into the Interior Parts of 

Africa (a). 
BOSWELL 

(a) Since this article was firft publifhed, a different account has been given of the Bofhmen or Bojesmans by 
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Bofwell BOSWELL (James), known to the learned world 
—as the author of a life of Dr Johnfon and of feveral other 

valuable works, was born, we believe, at Auchinleck in 

Airlhire, in 1740. The family from which he fprung 
was ancient and honourable. At the time of his birth 
his father was a well employed lawyer at the Scotch 
bar ; but was afterwards raifed to the dignity of Judge, 
and filled that important ftation with acknowledged 
learning, probity, and honour. His title was Lord 
^Vnchinleck, taken from his family inheritance ; and he 
died in 1782 : on which occafion Dr Johnfon wrote an 
elegant and inftrudtive letter to the fubjeft of this brief 
memorial; of which we (hall tranfcribe a palfage that 

alludes to fome flight domeftic differences, which did 
not happen in vain, fince they gave rife to fuch falutary 

advice : 
“ Your father’s death had every circumftance that 

could enable you to bear it. It was at a mature age, 
and it was expelled ; and as his general life had been 
pious, his thoughts had, doubtlefs, for many years paft, 
been turned upon eternity. That you did not find him 
fenfible muff doubtlefs grieve you ; his difpofition to¬ 
wards you was undoubtedly that of a kind, though not 
of a fond father. Kindnefs, at leaf! a&ual, is in our 
own power, but fondnefs is not; and if, by negligence 
or imprudence, you had extinguifhed his fondnefs, he 
could not at will rekindle it. Nothing then remained 

between you but mutual forgivenefs of each other’s 
faults, and mutual defire of each other’s happinefs.” 

The occafion of this family diflention is unknown to 
us. It might originate in the difference of their poli¬ 
tical principles, Mr Bofwell being a zealous Tory, and 
his father, as he reprefents him, a rancorous Whig ; or 
it may have arifen from the celebrated Douglas caufe, 
which fet many friends at variance in Scotland, and in 
which, though Lord Auchinleck and his fon took the 

fame fide, they took it with very different degrees of. 
ardour. The Judge faw not the propriety of illumina¬ 
ting his windows when the caufe was finally decided 
by the Houfe of Peers; and to compel him to illumi¬ 
nate, the advocate got poffefiion of a Chinefe gong, and 
at the head of a number, of young men and boys pa-^ 
trolled the ftreets of Edinburgh, and made a loud and 
exulting noife at the windows of his father’s houfe, 
where there was no fymptom difplayed of the general 

j°y* 
In 1762 Mr Bofwell made his firft journey to Lon¬ 

don; where, under the aufpices of Dodfley the bookfel- 
ler, he publifhed, “ The Cub at Newmarket, a Tale.” 
By the title of Cub he meant to chara&erife .himfelf, as 
the reader will perceive in the following lines, which we 
Ihall give as a fpecimen of the poem : 

Lord Eglintoune, who loves, you know, 
A little dafh of whim, or fo, 

By chance a curious Cub had got, 
On Scotia’s mountains newly caught. 

During his ftay in London Mr Bofwell was intro¬ 
duced to Dr Johnfon, with whom it is well, known he 

1 ] BOS 
continued to live in intimacy from that time till John- Bofwell. ^ 

fon’s death in 1784; and this intimacy procured him 
the friendfhip of Burke, Goldfmith, Sir Jofhua Rey¬ 
nolds, and many other men of eminence, who compofed 
what was called The Literary Club. In the latter end 
of 1765 he became acquainted with General Paoli when 
on his travels ; and after his return he publifhed, in 

1768 or 1769* his account of Corfica, with the “ Jour¬ 
nal of a Tour to that Ifland.” 

Of this work, which gained him fome diftin&ion in 
the world, his great friend Johnfon writes thus: “ Your 

hiftory is like all other hiftories, but your journal is in 

a very high degree curious and delightful. There is be¬ 
tween the hiftory and the journal that difference which 

there will always be found between notions borrowed 
from without and notions generated within. Your hif¬ 
tory was copied from books ; your journal rofe out of 
your own experience and obfervation. You exprefs 
images which operated ffrongly upon yourfelf, and you 
have impreffed them with great force upon your read¬ 
ers. I know not whether I could name any narrative 
by which curiofity is better excited or better grati¬ 
fied.” 

In 1770 Mr Bofwell, who was then in good prac¬ 
tice at the Scotch bar, married an amiable woman, by 
whom he had two fons and three daughters, who fur- 
vived him. In 1773 he was chofen a member of the 
Literary Club ; and in the autumn of the fame year 
he vifited the Hebrides in company with his illuftrious 
friend Johnfon after, whole death he publifhed a very 
entertaining account of their tour,-the places they faw, 
the charadlers with whom they converfed, and their own 
remarks on the different convevfatfons. To many per- 
fons, both in England.and Scotland, this book gave* 
great offence, as it brought before the public the un¬ 
guarded talk.of private iocial circles ; but it fureiy fur- 
nifhed much entertainment, as it exhibited a more faith¬ 
ful picture of Hebridian manners than the Britifh pub¬ 
lic had ever before feen. 

In 1784, when Mr Fox’s famous India bill Was be¬ 
fore Parliament, Mr Bofwell publifhed a “ Letter to the - 
People of Scotland- on the Prefent State of the Na¬ 

tion;” in which he contends, that no charter would be 
fafe if that bill fhould pafs into a law ^ and more than 

inixnuates, that the principle of it was equally mimical * 
to the liberties of the fubje& and to the prerogative of 
the king. Dr Johnfon feems to have thought of that 
bill as he did ; for having read the letter, he writes to 
the author his approbation of it in the following words: 

“ I am very much of your opinion ; and, like you, feel * 
great indignation at the indecency with which ihe king 
is every day treated. Your paper contains very coufi- 
derable knowledge of the hiftory and of the conftitu-- 
tion, very properly produced and applied.”. 

In 1785, Mr Bofwell quitted the Scotch bar, and - 
went to refide in London, where he continued tilLthe 
day of his death. Having entered himfelf in one of the 

inns of court, and fludied the Englifh law, he became a 

barrifter in England: but.we have reafon to believe 

that 

Mr Barrow, who travelled into the interior of Southern Africa in 1797 and 1798. According to him, they are 
a diflind race, extremely favage, who neither cultivate the ground nor breed cattle, but fubfift in part on the 

natural produce of their country,,and fupply its deficiency by depredations on the colonifts on one fide, and the 
neighbouring tribes of people that are more civilized than themfelves, on the other* 
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Bofwell. that his pra&lce there was not fo fuccefsful as*it had 

been in his own country. He enjoyed, however, more 
completely than he could do in Edinburgh, the conver¬ 

fation of the great, the wife, the witty, and the good ; 
and fuch converfation he always valued above wealth. 
He frequently vifited his native country, and efpecially 
Auchinleck, the feat of his anceftors ; and foon after 
his return from one of thofe vifits he was feized with 

a diforder which proved fatal, on Tuefday the 19th of 

May 1795* 
Such were the principal events in the life of Mr Bof- 

well. Of his character, it would be difficult to fay 

much more than he has faid himfelf in his “ Journal of a 

Tour to the Hebrides and which may, with fome 

propriety, be copied here : 
“ I have given a fketch of Dr Johnfon. My readers 

may wifh to know a little of his fellow-traveller. Think, 
then, of a gentleman of ancient blood ; the pride of 

which was his predominant pafiion. He was then in 

his 33d year, and had been about four years happily 
married. His inclination was to be a foldier ; but his 

father, a refpe&able Judge, had preffed him into the 

profeffion of the law. He had travelled a good deal, 
and feen many varieties of human life. He had thought 
more than any body fuppofed, and had a pretty good 
ftock of general learning and knowledge. He had all 
Dr Johnfon’s principles, with fome degree of relaxation. 

He had rather too little than too much prudence ; and 

his imagination being lively, lie often laid things, of 
which the effe& was very different from the intention. 

He refembled fometimes 

« The beft good man, with the worft-natur’d mufe.* 

« He cannot deny himfelf the vanity of fin idling.with 

the encomium of Dr Johnfon, whofe friendly partiality 

to the companion of this tour, reprefents him as one 
c whofe acutenefs would help my inquiry, and whofe 
gaiety of converfation, and civility* of manners, are fu.f- 
ficient to counterad the inconveniences of travel, in 

countries lefs liofpitable than we have paffed.’ 
Few of Mr Bofwell’s friends, we believe, could add 

much to this candid confeffion. His enemies, if he had 
any, might dwell upon his failings; but.his failings were 
few, and injurious to no perfon. In his cliarader good 
nature was predominant. He appeared to entertain fen- 

timents of benevolence to all mankind, and to be inca¬ 

pable of Intentionally injuring a human being. His con¬ 
vention-talents were always pleading,. and often fasci¬ 

nating. But can we wonder at this in him who, with 

a capacity to learn, had been the companion of Johnfon 

for more than 20 years ? His attachment to the Doc¬ 
tor for fo long a period, was a meritorious perfeverance 

in the defire of knowledge. To it the world is in¬ 
debted for the moil finifhed pidure of an eminent man 
that ever was executed. We know there are objections 
to the mode of giving the life of Johnfon. It has been 
thought that ignorance has been wantonly expofed, and 

the privacy of focial life endangered. We fhall not en¬ 
ter deeply into this queftion. All that we can certain¬ 
ly affirm is, that the work has been read with avidity 
and pleafure ; and that he who does not wifh to read it 
again may be fufpeded to be deficient in tafte and in 

temper. 
Mr Bofwell has been accufed of vanity; but when 

this accufation is brought again ft him, it fhould not be 
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forgotten that he enjoyed advantages which rendered Botany 
that confpicuous in him from which 110 man can claim 
an exemption. We know not the man who would not QugU£1 
have been vain to poffefs fo much of Dr Johnfon’s con- ^ 
verfation, and proud to give it to the world, in hopes 

that he who venerated Johnfon would not be unthank¬ 
ful to his biographer. From the Dodor, however, he 

appeared to his friends to have imbibed a portion of me¬ 
lancholy, of which indeed he complained himfelf during 

the la It two or three years of his life ; and he fietf for 
relief where perhaps it is beft to be found, to the fociety 
of the learned and the gay. Here, as he confeffes, he 

“ had rather too little than too much prudence and, 
with more attachment to the adivity of rural life, he 

might, probably, have lengthened his days. But as his 
“ belief in revelation was unffiaken,” and his religious 

impreffions deep, and recurring frequently, let us hope 

that he has now attained that ftate from which imper- 

fedion and calamity are alike excluded. 
BOTANY-bay. See New Holland, Encycl.; and 

New South Wales in this Supplement. 
BOUGUER (Peter), an eminent mathematician and 

mechanical pliilofopher, was born at Croific, in Lower 

Bretagne, on the 10th of February 1698. His father 
John Bouguer, who was like wife a conliderable mathe¬ 

matician, was then profeffor royal of hydrography at 
that port; and under him young Bouguer ftudied ma¬ 
thematics, and the application of them to (hip-building, 

almoft from the period when he began to fpeak; fo 
that he was a proficient in thefe fciences before he had 

reached beyond the years of childhood. He was, how¬ 
ever, removed from Croific to the Jefuits college at 
Vannes, where, at 13 years of age, he triumphed, in a 

public conteft, over a profeffor of mathematics, who had 
advanced a mathematical proportion erroneoufly. Two 

years after this he loft his father, whom he was appoint¬ 
ed to fucceed in the office of hydrographer, after being 
publicly examined, and giving the inoft complete proof 

of his being duly qualified to fill the vacant chair. He 
was indeed qualified by prudence as well as by fcience ; 
for however furprifing it may be, he filled it both with 

dignity and with abilities, though then not more than 

15 years, of age. 
In the years 1727, 1729, and 1731, he gained the 

prizes fucceffively propofed by the Academy of Sciences 
for effays on the beft way of equipping fhips with mads, 

on the beft method of observing at fea the height of the 
ftars, and on the moll advantageous way of obferving 
the declination of the magnetic needle or the variation 

of the compafs. In 1729 he publifhed an Optical EJfay 
upon the Gradation of Light, in which he examined the 
intenfity oflight, and determined its degrees of diminu¬ 

tion in paffing through different pellucid mediums, and 
particularly in traverfing the earth’s atmofphere. Of 
this effay, which was written upon a fubjeft that till then 
had not attra&ed the attention of pliilofophers, the read¬ 

er will find fome account in the Encyclopedia Britan- 

nica, under the title Optics, n° 32, &c. 
In 1730 Bouguer was removed from the port of 

Croific to that of Havre. In 1731 he obtained, in the 
Academy of Sciences, the place of affociate geometri¬ 
cian, vacant by the promotion of Maupertuis to that of 

penfioner; and in 1735 he was promoted to the office 
of penfioner-aftronomer. The fame year he was fent 

on the commiffion to South America, along with Meffrs 
Godin, 
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Bouguer. Godin, Condamine, and JeufTieu, to determine the mea- 

lure of the degrees of the meridian, and the figure of 
the earth. In this painful and troublefome bufinefs of 
ten years duration, chiefly among the lofty Cordelier 

mountains, our author, belides attending to the obje& of 
the voyage, made many fcientific obfervations ; viz. on 
the effect of the Cordeliers on the polarity of the mag¬ 
netic needle; on the expanfion and contra&ion of metals 
and other fubftances, by the fudden and alternate chan¬ 
ges of heat and cold among tliofe mountains ; and on 
the refraction of the atmofpliere from the tops of the 
fame, with the lingular phenomenon of the fudden in- 
create of the refraCtion, when the ftar can be obferved 

below the line of the level. He likewife afcertained the 
laws of the denfity of the air at different heights, from 
obfervations made at different points of tliofe enormous 
mountains; lie difcovered that the mountains have an 
effedt upon a plummet, though he did not aflign the 
quantity of that effeCt ; he found out a method of efti- 

mating the errors committed by navigators in determi¬ 
ning their route ; gave a new con ftruCtion of the log 
for meafuring a ffiip’s way ; and made feveral other ufe- 
ful improvements. M. Bouguer made at different times 
fome important experiments on the famous reciproca¬ 
tion of the pendulum ; lie invented in 1 747 the Helio¬ 
meter (fee that article Encycl.) ; and made many dif- 
coveries relating to the intenfity of light (for which fee 

Optics-Index, Encycl.) His unremitting application 
to ftudy undermined his health, and he died on the 15th 
°f Auguft 1758, in the 61ft year of his age. 

Of his works which have been publifhed, the chief 
are, 1. The Figure of the Earth, determined by the 

Obfervations made in South America, 1749, 4to» 
2. Treatife on Navigation and Pilotage, Paris, 1752, 
in 4to. This work has been abridged by M. La Caille, 
in one volume 8vo, 1768. 3. Treatife on Ships, their 
ConftruCtion and Motions, in 4to, 1756. 4. Optical 
Treatife on the Gradation of Light, firft in 1729, then 
a new edition in 1760, in 4to. 

His papers that were inferted in the Memoirs of the 
Academy are very numerous and important : as, in the 
Memoirs for 1726, comparifon of the force of the fo- 
lav and lunar light with that of candles ; 1731, obfer¬ 
vations on the curvilinear motion of bodies in mediums 5 

1732> uPon new curves called the lines of purfuit; 
1 733> to determine the fpecies of conoid, to be con- 
flruCted upon a given bafe which is expofed to the fliock 
of a fluid, fo that the impulfe may be the lead pofllble ; 
determination of the orbit of comets; 1734, compari¬ 
fon of the two laws which the earth and the other pla¬ 
nets muff obferve in the figure which gravity caufes 
them to take ; on the curve lines proper to form the 
arches m domes ; 1735, obfervations on the equinoxes ; 
on the length of the pendulum ; 1736, on the length 
of the pendulum in the torrid zone ; on the manner of 
determining the figure of the earth by the meafure of 
the degrees of latitude and longitude; 1739, on the 
affronomical refradlions in the torrid zone ; obfervations 
on the lunar eclipfe of the 8th September 1737, made 
at Quito ; 1744, fhort account of the voyage to Peru 
by the members of the Royal Academy of Sciences, to 
meafure the degrees of the meridian near the equator, and 
from thence to determine the figure of the earth ; 1749, 

experiments made at Quito and divers other places in the 

torrid zone, on the expanfion and contraction of metals 
Suppl. Vol. I. Part I. 
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by heat and cold ; on the problem of the mailing of Brruguer, 

fhips; 1746, treatife on fhips, their ftrudlure and motions; Bread* 
on the impulfe of fluids upon the fore parts of pyrami- v 
doids, having their bafe a trapezium ; continuation of 

the ftiort account given in 1744 the voyage to Peru 

for meafuring the earth ; 1747, on a new conftru&ion 
of the log, and other inffrumtnts for meafuring the mil 

of a fliip; 1 748, of the diameters of the larger planets ; 
the new inftrument called a heliometer, proper for deter- 

miningthem, with obfervations of the fun ; obfervation 
of the eclipfe of the moon the 8th of Auguft 1748 ; 

i749, fecond memoir on affronomical refradions, ob- 
feved in the torrid zone, with remarks on the manner 
of conftru&ing the tables of them ; figure of the earth 

determined by MM. Bouguer and Condamine, with an 
abridgment of the expedition to Peru ; ^50, obferva¬ 
tion of the lunar eclipfe of the 13th December 1750 ; 

X75L on the form of bodies moft proper to turn about 
thenifelves, when they are pufhed by one of their ex¬ 
tremities, or any other point ; on the moon’s parallax, 
with the eftimatipn of the changes caufed in the paral¬ 

laxes by the figure of the earth ; obfervation of the lu¬ 
nar eclipfe the 2d of December 1751 ; 1752, on the 

operations made by feamen, called correElions y 1753, 
obfervation of the paffage of Mercury over the fun the 
6th of May 1753 ; on the dilatations of the air in the 

atmofphere ; new treatife of navigation, containing the 
theory and pra&ice of pilotage, or working of fhips; 

1754, operations, 8c c. for diftinguifhing, among the 
different determinations of the degree of the meridian 
near Paris, that which ought to be preferred ; on the 
direaion which the firing of a plummet takes; folution 
of the chief problems in the working of fhips ; 175c, 

on the apparent magnitude of objeds ; fecond memoir 
on the chief problems in the working of fhips ; i7r7, 

account of the treatife on the working of fhips ; on the 
means of meafuring the light. 

BREAD is fo effential an article of food that every 
ufeful method of making it (hould be generally known. 

Much has accordingly been faid on that fubjea (Encycl.) 
under the titles Baking, Barm, Bread, and Yeast; 

but, fince the laft of thefe articles was publilhed, we 
have feen, in Dr Townfon’s Travels in Hungary, a me¬ 
thod of making bread at Debretzen ; of which, as it 

may fometimes be adopted with advantage in this coun¬ 
try, an account may, with propriety, be inferted here 

In the baking of this bread, a fubHitute is ufed for 
yeaft, which is. thus made; Two good handfuls of 
hops are boiled in four quarts of water ; this is poured 
upon as much wheaten bran as can be well moiftened 
by it : to this are added four or five pounds of leaven • 
when this is only warm, the mafs is well worked to¬ 
gether to mix the different parts. This mafs is then 

P“t.!n.a.wa7 Place. for 24 hours ; and after that, it is 
divided into fmall pieces about the fize of a hen’s eerff 
or a fmall orange, which are. dried by being placed 
upon a board, and expofed to a dry air, but not to the 
fun • when dry, they are laid by for ufe, and may be 
kept half a year.. This is the ferment ; and it may be 

ufed in the following manner : For a baking of fix large 
loaves, fix good handfuls of thefe balls, broken into fral 

xnents, are taken and diffolved in feven or eight quarts o' 

warm water This is poured through a fieve into one end 
of the bread trough, and three quarts more of warm 
water are poured through the fieve after it, and what 

^ remains 
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remains in the fieve is well prefled out. This liquor is 

^ mixed up with fo much flour as to form a mafs of the 
fize of a large loaf; this is Are wed over with flour; the 
fieve, with its contents, is put upon it, and then the 
whole is covered up warm, and left till it has rifen 
enough, and its furface has begun to crack : this forms 
the leaven. Then i 5 quarts of warm water, in which 
fix handfuls of fait have been diffolved, are poured 
through the fieve upon it, and the neceffary quantity 
of flour is added, and mixed and kneaded with the lea¬ 
ven ; this is covered up warm, and left for about an 
hour. It is then formed into loaves, which are kept 
in a warm room half an hour ; and after that, they are 
put in the oven, where they remain two or three hours, 
according to the fize. The great advantage of this 
ferment is, that it may be made in great quantities at 
a time, and kept for ufe. Might it not on this ac¬ 
count be ufeful on board of fhips, and likewife for ar¬ 

mies when in the field ? 
Bread, in whatever way it is made, is a dear article ; 

and it may be a defirable obje& to many of our readers 
to know at what price the baker can afford to fell it. 
This depends upon the price of wheat, the quantity of 
flour which the wheat may give, the lofs at the mill, 
the expence of grinding, and the expence of baking. 

Of the. price of wheat we can fay nothing with pre- 

cifion, becaufe it varies according to the goodnefs or 
badnefs of the crop, and other circumftances; but a 
bufliel of EfTex wheat, Winchefter meafure, may be 
taken, on an average, as weighing 60 lb. Sixty pounds 
of wheat will yield, exclufive of the lofs in. grinding 
nnd dreffing, 45^ lb. of that kind of flour which is cal¬ 
led feconds ; which alone is ufed, through the great eft 
part of England, for bread, and which makes, indeed, 

the beft of all bread, though not the whiteft. A peck 
of this flour, weighing 14 lb. will, take up between fix 

and feven pints of water, and give 18 lb. of excellent 
bread ; or a bufhel of flour, weighing 56 lb. will yield 
72lb. of bread. The expence of baking a bufhel of 
fuch flour is, in EfTex and fome other Englifh counties, 
about ninepence ; viz. yeaft, on an average, twopence ; 
fait, before the late tax, one halfpenny;' and baking, 

fixpence. 
But feconds is not all that is got from wheat. A 

bufhel of 60 lb. of wheat gives, befides 454 lb. of fe- 

conds, 13 lb. of offal, i. e. of pollards and bran; for the 
utmoft lofs in grinding and dreffing a bufhel of wheat 
fhould not exceed 1 pound 8 ounces. The millers, in¬ 
deed, ufually reckon on two pounds of lofs ; but we 
can fay, with the utmoft confidence, that the adlual 

lofs is rather lefs than we have ftated it. A correfpon- 
dent of ours, on whofe accuracy we can depend, weigh¬ 
ed, in 1795, two bufhels, Winchefter meafure, the one 
of white and the other of red wheat, and found the 
weight of them both to be 122lb. This wheat was 
ground by his own fervants, and it yielded I2l4rlb. of 
ineal, fo that there was here but {- lb. loft of two bufh¬ 
els, or of 122 lb. in grinding. He admits that he fuffer- 
ed the ftones to turn too clofe, and that the lofs fhould 
therefore have been fomewhat greater. The meal was 
drefled, as the wheat had been ground, under his own 
eye ; and every poffible precaution being taken to pre¬ 
vent his being deceived in the refult, he had of flour, or 

feconds, 9341b, and of bran and pollard 2541b. ; fo that 

he loft, of two bufhels, but 24 lb. both in grinding and 
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dreffing. The offal, or bran and pollard, being drefled 

in a bolting mill, yielded as follows : 
Sharps - 6 lb. o oz. 

Fine pollard 5 8 
Coarfe pollard 7 8 
Broad bran 5 8 

Bread. 

Altogether 24 8 
There was loft, therefore, in bolting, only one pound; 
and of the (harps, about three pounds, if fifted, would 
have been good flour. Indeed were the fharps and fine 
pollard to be added to the flour, the bread would, per¬ 
haps, be better, and more wholefome, than without 
fuch addition. From thefe data, which we believe to 
be very accurate, it will be eafy to calculate, if the . 
price of wheat be given, what fhould be the price of 
flour per bufhel and peck, the price of bread per pound, 
and the quantity of bread that fhould be fold for a 

(hilling. 
It is a fa&, however, which fhould be attended to, 

that loaves are not always of the fame weight, though 
made of equal quantities of the very fame dough. This 

was fully afeertained fome years ago at Paris. On a 
violent complaint that the bread was not always of the 
fame ftandard weight, the bakers of the city were cal¬ 
led before the police officers. They admitted the fa£t, 
that loaves, baked at the fame time, and in the fame 
oven, were feldom, if ever, of the fame weight ; but 
they infilled that they contained, each, the ftandard 
quantity of dough, and that the variety of weight 
among them muft proceed from fome caufe, which they 
did not pretend to afeertain. The matter was refer¬ 
red to the Royal Academy of Sciences, which appoint¬ 
ed one of its members to fuperintend, for fome. days, 
the whole procefs of baking. This being done, it was 
found that, of loaves baked in a large oven, thofe were 
always heavieft which occupied the centre of the oven, 

and that the bakers were innocent of the crime with 
which they were charged. The fad, we think, may 
eafily be accounted for. Even in an oven there muft 
be fome condenfation of fleam ; and,, from the very 
fhape of the oven, the greateft quantity muft be con- 
denfed towards the centre. Hence the loaves in the 
centre are neceffarily wetter and heavier than thofe 
round the circumference, if the plain of the oven has 

been equally heated. 
Bread of Rice might occafionally be of great ufe in 

many countries during a fcarcity of wheat ; but the 
method of making it is not generally known. It is in¬ 
deed impoffible to make bread of the flour of rice, which 

is liarfh and dry like fand or afhes, by treating it in the 
manner in which wheat-flour is commonly treated; and 

therefore it has been propofed to mix it with an equal 
quantity of the flour of rye. But this method of ufing 
the flour of rice is a very uncertain remedy in cafe of 
want; fince we can have no rice-bread if we have not 
rye. We are taught, however, in the Journal des Sci¬ 

ences, des Lettres, et des Arts, how to make excellent 
bread from rice alone, by a method which the author 
of the memoir fays he learned from the natives of A- 

merlca. 
According to this method of making the wifhed-for 

bread, the fir ft tiling to be done to the rice, is, to re¬ 
duce it to flour, by grinding it in a mill, or, if we have 

not a mill, it may be done in the following manner; 
Let 
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t Bread, Let a certain quantity of water be heated in a fauce- 
jBrewing pan or caldron ; when the water is near boiling, let the 

rice we mean to reduce into flour be thrown into it : 
the veflel is then to be taken off the fire, and the rice 
left to foak till the next morning. It will then be found 
at the bottom of the water, which is to be poured off, 
and the rice put to drain upon a table placed in an in¬ 
clined pofition. When it is dry, it mull be beat to 
powder, and pafied through the fineft fieve that can be 

procured. 
When we have brought the rice into flour, we mull 

take .as much of it as may be thought necefiary, and 
put it into the kneading trough in which bread is ge¬ 
nerally made. At the fame time we muft. heat fome 
water in a faucepan or other veflel, and, having thrown 

into it fome handfuls of rice, we mult let them boil to¬ 
gether for fome time : the quantity of rice muft be 
fuch as to render the water very thick and glutinous. 
When this glutinous matter is a little cooled, it mult 
be poured upon the rice-flour, and the whole mull be 
well kneaded together, adding thereto a little fait, and 
a proper quantity of leaven. We are then to cover the 
dough with warm cloths, and to let it Hand that it 
may rife. During the fermentation, this pafte (which, 
when kneaded, mull have fuch a proportion of flour as 
to render it pretty firm) becomes fo foft and liquid 
that it feems impoflible it fliould be formed into bread. 
It is now to be treated as follows : 

While the dough is rifing, the oven mull be heated ; 
and, when it is of a proper degree of h?at, we muft 
take a ftewpan of tin, or copper tinned, to which is 
fixed a handle of fufticient length to reach to the end 
of the oven. A little water muft be put into this ftew¬ 
pan, which muft then be filled with the fermented pafte, 
and covered with cabbage or any other large leaves, or 
with a fheet of paper. When this is done, the ftew¬ 
pan is to be put into the oven, and pufhed forward to 
the part where it is intended the bread (hall be baked; 
it muft then be quickly turned upfide down. The 
heat of the oven adls upon the pafte in fuch a way as 
to prevent its fpreading, and keeps it in the form the 
ftewpan has given it. 

In this manner pure rice-bread may be made ; it 
comes out of the oven of a fine yellow colour, like paf- 
try which has yolk of eggs over it.- It is as agreeable 
to the tafte as to the fight; and may be made ufe of, 
like wheat-bread, to put into broth, &c. It muft, how¬ 
ever, be obferved, that it lofes its goodnefs very much 
as it becomes ftale. 

It may be here remarked, that the manner in which 
Indian corn is ufed in fome countries, for making bread, 
can only produce (and does in fa£l produce) very bad 
dough, and of courfe very bad bread. To employ it 
advantageoufly, it fhould be treated like rice ; and it 
may then be ufed, not only for making bread, but alfo 
for paftry. 

BREWING is an art of vaft importance, and has 
accordingly been explained in the Encyclopaedia Bri- 
tannica. A few improvements, however, have been 
made in the art, which, though not noticed in that 
Work, feem to be worthy of general attention, and, 
therefore, to deferve a place in this Supplement. The 
firft, of which we fhall give an account, is an invention 
of Mr William Ker of Kerfield, in the county of 
Tweedale, for the faving of hops, and, at the fame 
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time, giving to the liquor, whether ale, beer, or porter. Brewing, 

a fuperior flavour and quality. 1 v ^ 

'The fteam which arifes from the boiling copper is 
known to be llrongly impregnated with the efleutiai 
oil of the hops, in which their flavour con fills. In- 

ftead, therefore, of allowing it to efcape and evaporate, 
as it does in the common mode of brewing, Mr Ker 
contrives to preferve and condenfe it, by means of a 
winding-pipe fixed to the copper, fimilar to the worm 
of a Hill, or by a ftraight pipe palling through cold 
water, or any other cooling medium. The oil and wa¬ 

ter, thus obtained, are returned into the worts when 
boiled, or the oil, after being feparated from the water, 

along with which it had been exhaled, is returned into 
the worts after they are boiled ; and the watery part, 
which, after the oil is feparated, ftill continues impreg¬ 
nated with the aromatic tafte and hitter of the hop, is 
returned into the next copper or boiling-veflel; and fo 
on from one copper or boiling-veflel into another. By 
this procefs a confiderable part of the hop and flavour, 
which is loft in the ordinary mode of brewing, is pre- 
ferved : the flavour of the liquor is improved by the 

prefervation of the finer parts of the aromatic oil : and 
the ale and beer are better fecured from any tendency* 
to acidity or putrefa&ion, and therefore muft be fitter 
for home confumption and exportation. For this inven¬ 
tion, which is certainly Ample* and we think rational, 
Mr Ker obtained a patent, dated March 4. 1788. 

On the 4th of June 1790, Mr John Long of Long- 
milley in the county of Dublin, Ireland, obtained a pa¬ 
tent for an improvement in brewing, refembling, in one 
particular, this invention of Mr Ker’s. To his inven¬ 

tion, however, he gives the name of an entire new me- 
thody in all the ejfential partsy of brewing good malt li¬ 
quor ; and therefore, as it comprehends the whole pro¬ 
cefs of brewing, we fhall lay it before our readers in 
the words of its author. 

“ 1. For the better extracting from malt, place near 
a mafh-tun a fliallow copper or other veflel that will 
readily heat ; the curb of which to be on a level with 
the tun, and to contain from two to fix hogflieads, ac¬ 
cording to the dimenfion of the tun, more or lefs; and, 
at the lower end of the copper, have a cock from two 

to five inches diameter, more or lefs, to conduft the 
heated liquor from the copper into a tube which paf- 
fes down the external part of the tun, and enters it 
through an apeiture about fix inches from the bottom; 
then forming two revolutions, more or lefs, through the 
body of the tun, and communicating its heat to the 
wort as it paffes through the tube; and then, at a con¬ 
venient diftance from the place it firft entered, it runs 
from the tun into a ciftern or tub, litiiate as near as 
convenient to the copper or heating-veflel. In the tub 
or ciftern is to be placed a pump, for the purj)ofe of 
conveying the cooler liquor back to the copper or heat¬ 
ing-veflel again ; there to receive the heat of 208 de¬ 
grees, more or lefs (which it will require alter the firft 
half-hour), and then convey it through the mafliing-tun 
as before, and in the fame manner, as long as the work¬ 
ing brewer or difliller may think necefiary, to raife the 
maihing tun to any degree of heat required. By ad¬ 
hering to the foregoing procefs, the firft liquor may, 
with the greateft fafety, be let upon the malt from 
20 to 30 degrees lower than the prefent practice ; by 

which means it operates with gentlenefs, opens and ex- 

P 2 pands 
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Brewing, pands the malt and raw corn, and prepares it for the 

'* reception of {harper or warmer liquor, fo as to extract 
the whole of the faccharine quality from the malt and 
raw corn. By the foregoing method, the mafhing-tun, 

inftead of lofing its fird heat (which it does by the 
prefent practice), continues to increafe in heat every 
moment, by conveying the heated liquor through the 

tube into the tun ; by which means, at the end of two 
hours, the working brewer or didiller can have the tun 
brought to any degree of heat he fhall think bell fuited 

to the different qualities of the malt or raw corn. Per- 
fons who would wifh to fave expence, may heat their 
tnafhing.tun at the fide or bottom by a large piece of 
metallic (ubdance made fire proof, and fixed therein; 
which, in fome degree, will anfwer the end propofed, 

but with great trouble and delay. 
<« 2. To prevent the wort from receiving a difagree- 

able flavour while in the under-back, a tube rnuil be 
placed at the cock of the mafhing-tun, to receive the 
wort as it comes off, and convey it to. a great ciftern 
or refrigeratory, which is fupplied with a dream of 
water. The wort, palling through that medium in a 

fpiral tube, foon lofes that heat which fo often proves 
prejudicial to the brewer and didiller in warm weather: 

then pafs it from the tube into a vefTel in which pumps 
are placed, to return the worts into the copper for the 
purpofe of boiling off. All vefTels for receiving the 
cold wort mud be placed lower than the fource whence 

the wort comes. 
“ 3. As the great object of long boiling the wort is 

remedied, by my invention of taking the extraft from 
the hops in a feparate manner from the worts, I boil 
my worts no longer than from 15 to 20 minutes ; and, 
by purfuing that method, I fave much time and fuel, 

and regulate my lengths accordingly.. 
«< 4, I deep my hops, the preceding day to which 

they are to be ufed, in a copper or other veil'd, with 
as much fluid, blood-warm, as will cover the hops, where 

it is to remain over a flow fire at lead 14 hours, clofe 
covered ; the copper at the tenth hour not to be of a 
greater heat than 175 degrees, continuing flow until 
the laft hour. Then I bring the copper gradually to 
a fimmer or flow boil ; in which date I let it remain 
about 10 minutes, and then run off the fluid ; and this 
I do at the fame time the fird wort is boiled od, that 
they may both pafs together through the refrigeratory 
into the fermentation or working tun. After the fore¬ 
going operation, I cover the hops again with other li¬ 

quor, and bring the copper to boil as foon as conve¬ 
nient, and let it remain in that date a confiderable 

time, until the fecond worts are boiled off. Then I 
pafs the hop-fluid with the wort, the fame as in the 

•.fird indance ; and, if there is a third wort, I boil my 
hops a third time with fmall worts, and pafs it off as 
before ; by which means I gradually obtain the whole 
of the effential oil and pleafing bitter from the hops, 

which is effectually preferved in the beer. . . 
it r To cool worts. When the wort is boiled off, 

it is conducted from the cock of the copper or boiler 
into a tube of a proper dimenfion, which paffes the 
wort from the cock to the large cidern or refrigerato¬ 
ry, and there performs feveral revolutions,, in a fpiral 
manner, through the fame tube ; which is immerfed in 
condant fupply of cold water, where it lofes the greateft 

part of its heat in a fhort time, and thence continues a 
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draight courfe through the tube, a little elevated and Brewing 

of a fuitable length, placed in brick-work, until it meets Brin^ 
a fmall refrigeratory, fupplied with colder water from a 
refervoir made for that purpofe at the head of the 
works ; whence a continual dream runs on the furfaee 
of the tube down to the great refrigeratory, cooling 

the wort as it paffes, in order to enable the working 
brewer or difliller to fend it into the backs or working- 
tuns at whatever degree of heat he fhall think proper. 
There is no other difference between brewer and didiller 
in this procefs, but that the didiller immediately paffes 
the drong wort from the mafhing-tun to the back, thro* 
the fame machinery above inferted, and the tubes may 

be made of lead, or any other metallic fubdan'ce. 
“ 6. To enable me to brew in the warm fummer 

months, I fink my backs or working tuns at lead to a 
level with the ground, but if deeper the better, and co¬ 
ver them clofely by an arch made of bricks, or other 
materials, that will totally exclude the atmofpheric air 
from them. I place them as near as pofiible to a fpring 
or fand-drain, as their depth will naturally draw the wa¬ 
ter thence, which mud be fo contrived as to pafs or 
flow round the backs or tuns. I then introduce a large 
tube, which paffes through the tuns, and keeps the 
wort feveral degrees lower than Can pofllbly be done by 
the prefent pradice ; by which means I can produce a 
complete fermentation even in the dog-days. 

“ 7. In cold or frody weather, if the tun and backs 

fhould lofe the fird heat, intended to carry it through 
the procefs by the foregoing method, you may convey 
a fupply of warm or boding water by the tube, which 
paffes through the body of the backs or tun, communi¬ 
cating its heat, which rifes to any degree the working 
brewer {hall think proper : by purfuing this method, in 

the colded feafon, I never want a fermentation.” 
We regret that we cannot with propriety date to 

our readers, under this article, a fummary of Mr Ricli- 
ardfon of Hull’s Philofcphical Principles of Brewing ; 

for as the author has a new edition of his work in the 
prefs, it is our duty rather to refer to it, than to quote 
from a former edition, which contains not his lad im¬ 
provements. See Fermentation and Malt, in this 

Supplement. 
BRIDEALE. See Scotale in this Supplement. 

BRIDGE. See that article (Encycl.), and Arch 

in this Supplement. A wooden-bridge, of large fpan, 
fhould be conflru&ed on the principles explained under 
the title Roof (Encycl.) See alfo Centre (Suppl.). 

BRINDLEY (James), was born at Tunfted, in 

the parifh of Wormhill, Derbyfhire, in 1716. His fa¬ 
ther was a fmall freeholder, who difiipated his property 
in company and field amufements, and negle&ed his fa¬ 
mily. In confequence, young Brindley was left dedi- 

tute of even the common rudiments of education, and 
till the age of 17 was cafuaily employed in ruftic la¬ 
bours. At that period he bound himfelf apprentice, to 
one Ben net, a millwright at Macclesfield, in Chefhire, 
where his mechanical genius prefently developed itfelf. 
The mader being frequently abfent, the apprentice was 
often left for weeks together to finifh pieces of works 
concerning which he had received no inftru&ion ; and 

Ben net, on his return, was often greatly adonilhed to 
fee improvements in various parts of mechanifm, of 
which he had no previous conception. It was not long 

before the millers difeovered Brindley’s merits, and pre¬ 
ferred 



B 11 I [ i 
Brindley, ferred him in the execution of their orders to the maf- 
—v—~ ter or any other workman. At the expiration of his 

fervitude, Bennet being grown into years, he took the 
management of the bufinefs upon himfelf, and by his 
{kill and induftry contributed to fupport his old mailer 
and his family in a comfortable manner. 

In procefs of time Brindley fet up as a milbwright 
on his own account ; and by a number of new and in¬ 
genious contrivances greatly improved that branch of 
mechanics, and acquired a high reputation in the neigh¬ 
bourhood. His fame extending to a wider circle, he 

was employed, in 1752, to eredt a water-engine at Clif¬ 
ton, in Lancafhire, for the purpofe of draining fome coal 
mines. Here he gave an eflay of his abilities in a kind 
of work for which he was afterwards fo muth diftin- 
guiffed, driving a tunnel under ground through a rock 
nearly 600 yards in length, by which water was brought 
out of the Irwell for the purpofe of turning a wheel 

fixed 30 feet below'the furface of the earth. I11 1755 
he was employed to execute {he larger wheels for a filk 
mill at Congleton : and another perfon, who was enga¬ 
ged to make other parts of the machinery, and to Su¬ 
perintend the whole, proving incapable of completing 
the work, the bufinefs was entirely committed to Brind¬ 
ley 5 who not only executed the original plan in a maf- 
terly manner, but made the addition of many curious 
and valuable improvements, as well in the conftrudlion 
of the engine itfelf, as in the method of making the 
wheels and pinions belonging to it. About this time, 

too, the mills for grinding flints in the Staffbrdfliire 
potteries received various ufeful improvements from his 
ingenuity. 

In the year 1756 he undertook to eredl a fleam en¬ 

gine, upon a new plan, at Newcaftle-under-Line ; and 
he was, for a time, very intent upon a variety of con¬ 
trivances for improving this ufeful piece of mechanifm. 
But from thefe defigns he was, happily for the public, 
called away to take the lead in what the event has pro¬ 
ved to be a national concern of capital importance—the 
projecting the fyflem of canal navigation. The Duke 
of Bridgewater, who had formed his defign of carrying 
a canal from his coal-works at Worfley to Manchelter, 
was induced by the reputation of Mr Brindley to confult 
him on the execution of it ; and having the fagacity 
to perceive, and flrength of mind to confide in, the ori¬ 
ginal and commanding abilities of this felf-taught ge¬ 
nius, he committed to him the management of the ar¬ 
duous undertaking. The nature of this ent * prife lias 
already been defcribed (EncycL vol. IV. p. 8c.) ; it is 
enough here to mention, that Mr Brindley, from the 
very firft, adopted thofe leading principles, in the pro- 
je&ing of thefe works, which he ever after adhered to, 
and in which he has been imitated by all fucceeding 
artifts. To preferve as much as polfible the level of his 
canals, and to avoid the mixture and interference of all 
natural dreams, were objeCls at which he conftantly 
aimed. To accompliff thefe, no labour or expence 
was fpared ; and his genius feemed to delight in over¬ 
coming all obllacles by the difeovery of new and ex¬ 
traordinary contrivances. 

The mod experienced engineers upon former fydems 
were amazed and confounded at his projeds of aque- 
duCl bridges over navigable rivers, mounds acrofs deep 
valleys, and fubterraneous tunnels nor could they be¬ 

lieve in the practicability of fome of thefe fchemes till 
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they faw them c/FeCted. In the execution, the ideas Brindley, 

he followed were all his own ; and the minuted, as well 'Y~- 

as the great ell, of the expedients he employed, bore the 
damp of originality. Every man of genius is an en- 

thufiad. Mr Brindley was an enthufiad in favour of 

the fuperiority of canal navigations above thofe of ri¬ 
vers ; and this triumph of art over nature led him to 
view with a fort of contempt the winding dream, in 
which the loVer of rural beauty fo much delights. This 
fentiment he is faid to have exprefied in a ftriking man¬ 
ner at an examination before a committee of the Houfe 
of Commons, when, on being afked, after having made 

fome contemptuous remarks relative to rivers, what he 
conceived they were created for ? ltc anfwered, “ to feed 
navigable canals.’’ A direct rivalry with the naviga¬ 
tion of the Irwell and Merfey was the hold enterprize 
of his fil'd great canal; and fince the fuccefs of that 
defign, it has become common, all over the kingdom, 

to fee canals accompanying, with infulting parallel, the 
courfe of navigable rivers. 

After the fuccefsful execution of the Duke of Bridge¬ 
water’s canal to the Merfey, Mr Brindley was employ¬ 
ed in the revived defign of carrying a canal from that 

river to the Trent, through the counties of Cheder and 
Stafford. This undertaking commenced in the year 
1766 ; and from the great ideas it opened to the mind 
of its conductor, of a fcheme of inland navigation which 

fhould conned all the internal parts of England with 
each other, and with the principal fea-ports, by means 
of branches from this main Item, he gave it the empha- 
tical name of the grand trunk. In executing this, he, 
was called upon to employ all the refources of his in¬ 
vention, on account of the inequality and various na¬ 
ture of the ground to be cut through : in particular, 
the hill of Harecaffle, which was only to be paffed by 
a tunnel of great length, bored through ftrata of dif¬ 
ferent confidency, and fome of them mere quickfand, 
proved to be a moft difficult, as well as expenfive, 
obdacle, which, however, he complettdy furmonnted. 
While this was carrying on, a branch from the grand 
trunk, to join the Severn near Bevvdly,’ was committed 
to his management, and was finiffed in 1772. He alfo 

executed a canal from Droitwich to the Severn ; and 
he planned the Coventry canal, and for fome time fu- 
perintended its execution ; but on account of fome dif¬ 
ference in opinion, he refighed that office. The Chef- 
terfield canal was the la ft undertaking of the kind which- 
he conduced, but lie only lived to finiff fome miles of 
it. . There was, however, fcarcely any defign of canal- 
navigation fet on foot in the kingdom, during the lat¬ 
ter years of his life, in which he was not confulted, 
and the plan of which he did not either entirely form, 
or revife and improve. All thefe it is needlefs to enu¬ 
merate ; but, as an inftance of the vaftnefs of his ideas, 
it may be mentioned, that on planning a canal from Li¬ 

verpool to. join that of the Duke of Bridgewater at 
Runcorn, it was part of his intention to carry it, by an 
aquedud bridge, acrofs the Merfey, at Runcorn Gap, 

a place where a tide, fometimes rifing fourteen feet, ruffes 
with great rapidity through a fudden contradion of the 

channel. As a mechanic and engineer, he was like- 
wife confulted on other occafions ; as with refpea to 
the draining of the low lands in different parts of Lin- 
colnffire and the Ifle of Ely, and to the cleanfing of 

the docks of Liverpool from mud* He pointed out a 

method^ 
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Brindley, method, which has been fuccefsfully pra&ifed, of build- 

—■-""“v ■r -1- jng fea-walls without mortar \ and lie was the author 

of a very ingenious improvement of the machine for 

drawing water out of mines by the contrivance of a lo- 

ilng and a gaining bucket. 

The intenfity of application which all his various and 

complicated employments required, probablyfhortened 

his days ; as the number of his undertakings, in come 

degree, impaired his ufefulnefs. He fell into a kind of 

chronic fever, which, after continuing fome years, with 

little interminion, at length wore out his frame, and put a 

period to his life on September 27.1772, in the 56th year 

of his age. He died at Tunhurft, in Staffordihire, and 

was buried at New Chapel in the fame county. 

In appearance and manners, as well as in acquire¬ 

ment, Mr Brindley was a mere peafant. Unlettered, 

and rude of fpeech, it was eafier for him to devife 

means for executing a defign than to communicate his 

ideas concerning it to others. Formed by nature for 

| he profeffian he affumed, it was there alone that he 

was in his proper element ; and fo occupied was his 

mind with his bufinefs, that he was incapable of relax¬ 

ing in any of the common amufements of life. As he 

had not the ideas of other men to aflift him, whenever 

a point of difficulty in contrivance occurred, it was his 

cuilom to retire to liis bed, where, in perfeA folitude, 

he would lie for one, two, or three days, pondering the 

matter in his mind till the requifite expedient had pre¬ 

fen ted it felf. This is that true infpiration which poets 

have almoft exclufively arrogated to themfelves, but 

which men of original genius in every walk are a&ua- 

ted by, when, from the operation of the mind a&ing 

upon it felf, without the intrufion of foreign notions, 

they create and invent. 

A remarkably retentive memory was one of the ef- 

fential qualities which Mr Brindley brought to his men¬ 

tal operations. This enabled him to execute all the 

parts of the mod complex machine in due order, with¬ 

out any help of models or drawings, provided he had 

once accurately fettled the whole plan in his mind. In 

his calculations of the powers of machines, he followed 

a plan peculiar to himfelf; but,, indeed, the only one 

he could follow without inftrudion in the rules of art. 

He would work the queftion fome time in his head, 

and then fet do\Vn the refult in figures. Then taking 

it up in this ftage, he would again proceed by a mental 

operation to another refult; and thus he would go on 

by ftages till the whole was finifhed, only making ufe 

of figures to mark the feveral refults of his operations. 

But though, by the wonderful powers of native genius, 

he was thus enabled to get over his want of artificial 

method to a certain degree j yet there is no doubt that 

when his concerns became extremely complicated, with 

accounts of various kinds to keep, and calculations .of 

all forts to form, he could not avoid that perplexity 

and embarralfment which a readinefs in the proceffes 

carried on by pen and paper can alone obviate. His 

efiimates of expence have generally proved wide of rea¬ 

lity ; and he feems to have been better qualified to be 

the contriver, than the manager of a great defign. His 

moral .qualities were, however, highly refpe&able. Fie 

was far above envy and jealoufy, and freely communi¬ 

cated his improvements to perfons capable of receiving 

and executing them ; taking a liberal fatisfa&ion in 

forming a new generation of engineers able to proceed 
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with the great plans in the fuccefs of which lie was io B-iiTot, 
deeply interefted. His integrity and regard to the ad- v i 
vantage of his employers were unimpeachable. In fine, I 

the name of Brindley will ever keep a place among that 
finall number of mankind who form eras in the art or 
fcience to which they devote themfelves, by a large and ( 

durable extenfion of its limits. 
BRISSOT (J. P.), a&ed fo confpicuous a part in 

the French revolution, that a fair detail of the principal 
events of his life would undoubtedly be acceptable to all 
our readers. A fair detail, however, of fuch a life, we 
believe it impofiible at prefent to give ; for chara&ers 

like Briffot’s are almoft always miireprefented both by 
their friends and by their enemies ; and till the troubles 
which they have excited, or in which they have .been 
engaged, have long fublided, the impartial truth is no¬ 

where to be found. . . 
In a ftdfome panegyric, under the denomination of 

The Life of J, P. Brijfot, faid to be written by himfelf, jj 

we are told, that he was born January 14. 1754 ; and 
that his father was a traiteur, or “ the keeper of an 
eating-houfe,” but in what place we are not informed. 
Our author, however, affures us that the old man was 
in eafy circumftances, and that he employed all the 
means refulting from them to give to liis numerous fa¬ 
mily a good education. The fubjed of this memoir 
was intended for the bar , but not rehfhing the ftudies 
neceffary to fit him for the profeffion of the law, or, if 
we choofe to believe him, having a mind, too pure and 
upright for the ftudy of chicane, he relinquifiied the pur- 

fuit after five years of drudgery ! . . II I 
To relieve his wearinefs and difguft, he applied him¬ 

felf, he fays, to literature and the fciences. The ftudy 
of the languages was above all others his favourite pur- 
fuit. Chance brought him acquainted with two Eng- 
lifhmen on their travels through France : he learned 

their language ; and this circumftance, he tells us, de¬ 

cided his fate. 
<< It was at the commencement of my pamon for 

that language (continues he) that I made the meta- 
morphofis of a diphthong in my name which has fince 
been imputed to me as fo heinous a crime. Born the 
thirteenth child of my family, and the fecond of my 
brothers in it, I bore, for the fake of dfftindion, ac¬ 
cording to the cuftom of Beauce, the name of a village 
in which my father poffeffed fome landed. property. 

This village was called Ouarville, and Ouarville became 
the name by which 1 was known in my own country. 
A fancy {truck me that I would caftan Englifh air up¬ 
on my naijie ; and accordingly I fubftituted, in the place 

of the French diphthong ou, the w of the Englifh, 
which has precifely the fame found.” For this pu¬ 
erile affectation, which was certainly not criminal, he j 
juftifies himfelf by the example of the literati of the 
16th and 17th centuries, who made no fcruple of Gre- 1 

elfins and Latinifing their appellatives. 
Having profecuted his ftudies for two years, he had 

an application from the Englifh proprietor of a paper 

then much in circulation, and intitled Le Courier de 
V Europe. This man having drawn upon himfelf an at¬ 
tack from government, felt and yielded to the neceffity 
of printing his paper at Boulogne-fur-mer. It was his 
wifli to render it interefting to the French in the depart- | 
ment of mifcellaneous intelligence ; which he therefore 

wifhed to fubmit to the fuperintendency and arrangement 
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Briffot. of Briffot, who reprefents himfelf as for fome moments 

v~“' hefitating. The profeffion of ajournalift, fubjedto a li- 
cenfer, was repugnant to his principles ; yet it fecured 
his independence, and put into his power the means of 
profecuting an inveftigation of conflitutions and of the 
Sciences. After fome ridiculous reafoning from the ori¬ 
ginal ftations of Bayle, P oft el, and Roujfeau, he at lalt 
accepted of the employment, and became enamoured 
of it, “becaufe (fays he) it enabled me to ferve talents 
and virtue, and, as it were, to inoculate the French 
with the principles of the Englifh conftitution. 

This employment, however, did not lafl for any 
length of time. The plan of the proprietor of the Cou¬ 
rier was overthrown by adminiftration, and Briffot quit¬ 
ted Boulogne to return to his firft ftudies. Having in¬ 
formed us of this fad, he makes an extravagant pre¬ 
tence to unfullied virtue, and calls upon the inhabitants 
of the city which he had left to bear witnefs, not only 

that he had no vices, but that he had not even the feeds 
of any one of the vices which his adverfaries, it feems, 

had laid to his charge. 
“ Doubtlefs (fays he), too eager to publifh my ideas, 

I conceived that the proper moment had arrived, and I 
felt an inclination to commence with an important work. 
Revolting, from the very inftant of my beginning to re¬ 
fled, againft religious and political tyranny, I folemnly 
protelled, that thenceforward I would confecrate my 
whole life'to their extirpation. Religious tyranny had 
fallen under the redoubled ftrokes of Rouffeau, of Vol- Itaire, of Diderot, and of D’Alembert. 'It became ne- 
ceffary to attack the fecond and this was a talk 
which the vanity of Briffot led him to confider as refer¬ 
red for him. 

What Voltaire and his friends meant by religious ty¬ 
ranny, and how they conduced their attacks againft it, 
are matters, alas ! too well known to all Europe ; and 
as our author chofe thefe pbilofophers for his guides, 
we might infer, without much degree of miftake, what 
he underftood by political tyranny, and by what means 
he meditated its extirpation. But he has not left us 
to make this difcovery by inference. 

“ It became neceffary (fays he) to break in pieces 
the political idol, which, under the name of monarchy, 

pradifed the moft violent defpotifm ; but to attack it 
openly, was to expofe the. affailant without the poffibili- 
ty of ferving mankind. It was by a fide blow that it 
was to be wounded moft effedually and therefore he 
refolved to begin his operations by attacking fome of 
thofe abufes which might be reformed without apparent¬ 
ly (baking the authority of the prince. 

Our readers, at leaft the fober part of them, will pro¬ 
bably think that this mode of attack is not peculiar to 
Briffot, but that it has been pradifed, or attempted to 
be put in practice, by afpiring demagogues in all ages 
and countries, who have uniformly begun their career 
of innovation by exciting the public mind againft thofe 
abufes in government, of which the exiftence cannot 
wholly be denied. The fubjed to which our author 
thought fit to call the attention of his countrymen, was 
the criminal jurifprudence : a fubjed, fays he, which, 
with the exception of fome particulars that had been 
fuccefsfully inveftigated by Beccaria and Servan, no 

writer had thoroughly confidered in a phiiofophical point 
of view. Thinking himfelf fully equal to this talk, he 

drew up a general plan ; and in the year 1780 publifh- 
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ed his Theory of Criminal Laws, in two vols 8vo. This 

work, favourably received by foreigners, applauded by 
fome journalifts, and pulled to pieces by others, procu¬ 
red him the friendfhip 'of the warmed advocates for hu¬ 

man liberty, in whofe opinion the defeds of his plan 
were highly pardonable, on account of the energy con- 
fpicuous in his remarks. This publication was foon 
followed by two difeourfes which gained the prize in 
1782 at the academy of Chalons-fur-Marne ; the one 

upon the reform of the criminal laws, and the other on 
the reparation due to innocent perfons unjuftly accufed. 

It is natural to fuppofe that the government beheld 
with an evil eye thefe writings, which, under pretext 
of dragging into light the abufes of the criminal laws, 

infinuated dangerous principles on the nature of govern¬ 
ment in general. 

His next work was intitlcd, A Phiiofophical Library- 
of the Criminal Laws, in 10 vols; the true objed of 
which was to dilTeminate in France thofe principles of 
liberty which guided the Englifh and the Americans in 
framing and expounding their laws. 

But the ftudy of legiflation and politics had not en¬ 
tirely drawn him off from that of other fciences ; fuch 
as chemiftry, phyfics, anatomy, theology, See. Thefe 
he conftantly cultivated with ardour; but acknowledges 
that in each he met with obfeurities, and that in every 
quarter truth efcaped from his refearches. He there¬ 
fore fat down to inveftigate the nature of truth, and 
the proper method of attaining to it in every depart¬ 
ment of refearch ; and the refult of his labours was a 
kind of novum organum, by which he feems to have ex- 
peded that Bacon’s work would be buried in oblivion ; 
and to this important volume he gave the title of Con¬ 
cerning Truth ; or, Thoughts on the Means of attaining 
Truth in all the Branches of Human Knowledge. This 
volume was meant as nothing more than the introduc¬ 
tion to a greater work, in which he propofed to invefti¬ 
gate what is certain in knowledge and what doubtful, 
and then to ftrike the balance of the account. 

He was prevented, however, from completing his 
plan, which he regrets , exceedingly ; for, as he affirms, 
with becoming modejly, his work would certainly have 

amended its readers ! But the French government hap¬ 
pened to think otherwife ; his aim, which, he fays, was 
to lead mankind to reflect on their rights, was perceived, 
and he was accufed to the minifter as a feditious writer. 
The career of genius was flopped by the dread of the 
Baftile ; and he was obliged to take refuge in London, 
h here it was his wifh to create a univerfal confederation 
of the friends of liberty and truth, and to eftablifn a 
centre of correfpondence and union with the learned and 
the politicians of Europe. This dark defign, however, 
was fruftrated by the treachery, as it would appear, of 
his affociates, who had bound themfelves, he lays, by 
the moft facred oaths, to affift him, and had offered to 
fign articles even with their own blood. 

Finding himfelf unable to proceed diredly to the ob¬ 
ject which he had in view, he refolved to enlighten bis* 
countrymen gradually, and to begin with exciting their 
love and admiration of the Englifh conftitution. That 

conftitution, which he had inveftigated on the fpot, ap¬ 
peared to him a model for thofe focieties which were 
deflrous of changing their form of government. It was 
but little known, he fays, in France (the work of JDe 

Lolme being at that time only in the hands of the learn-. 

c 119 ] 
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Hriffbfc. ed); and to make it known was to make it beloved, was 
'-' to render it defired. But the French minifters flood 

upon their guard, and it became neceffary to deceive 
them. He refolved therefore to bring forward a jour¬ 

nal written actually in London, and profeffing to con¬ 

tain only a defcription of the fciences and arts of England, 
wlhId the greater part of it was to be occupied in rea¬ 

lity by an inveftigation of the Engli/h conjlitution. 
After many difficulties, the minidry granted a privi¬ 

lege for this journal, being publiffied in London, to be 

reprinted in Paris; and it firft appeared in 17^4* il 
the twelve numbers which have been publiffied (fays 
the author), the friends of liberty muft have perceived, 

that if, on the one fide, I endeavoured to inculcate more 
juft ideas than had hitherto been entertained concerning 

this celebrated ifland ; fo, on the other, I refolutely 
made my advances toward that important end which has 
perpetually prefuWd over all my labours, the univerfal 

emancipation of mend9 . . 
His affairs calling him at this time to Pans, he was 

arrefted and conveyed to the Baftile on the 12th of 

July 1784. In this condud of the government we 
cannot perceive any thing very tyrannical or arbitrary, 

fince he confeffes, that, in the 16th page of the firft 
number of his Journal, he had fuffered th q fecret and fa¬ 

vourite aim, which always guided his pen, to become 
difcernible. He was, however, difeharged from prifon 

on the 5th of September, and returned with increafed 

zeal to his former employments. t # 
“ This perfection (fays he), far from extinguishing 

the ardour of my wiffies to inculcate the principles of 

freedom, ferved only to inflame it the more.” Accord¬ 

ingly, in 1785, he publiffied two letters to the Empe¬ 
ror Jofeph II. concerning the right of emigration, and the 

riyht of people to revolt. The firft of thefe letters, which, 
though well known in Germany, were in France fup- 
prefted by the police, was occafioned by what the au¬ 
thor calls the ridiculous and barbarou s edid again ft 
emigration ; and the fecond by the puniffiment of Ho- 

riah the chief of the Walachian \nfurgents. In this laft 
letter he lays it down as a maxim, that all people uuckr 
fuch a government as that of the Walachians, have from 
nature a facred right to revolt, a right which they can 
and ought to exercife. I11 the fame fpirit he brought 
out, in 1786, his Philofopbical Letters on the Hiftory 
of England, in 2 vols, and A Critical Examination of 

the Travels of the Marquis de Chatelleux in North A- 

merica. 
The French revolution appearing to him extremely 

diftant, notwithftanding all his efforts to haften it, he 
refolved to leave France for the purpofe of fettling in 
America. His projed received the approbation of fe- 

veral, whole fentiments were congenial with his own. 
But as it was thought imprudent to tranfport numerous 
families to a country fo far off, without thoroughly 
knowing it, Briffoc was engaged to proceed thither, to 
examine the different places, to obferve the inhabitants, 
and to dlfcover where and in what manner the eftabliffi- 
ment they had propofed might be moft advantageoufly 
fixed?- He had fome time before inftituted a fociety at 
Paris for accomplifhing the abolition of the negro trade, 
and for foftening the condition of the flaves. At the 
period of his departure, this fociety confifted of a con- 
fiderable number of diftinguiffied members, and he was 
commiffioned to carry the firft fruits of their labours to 
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America. Kis ftay there, however, was not folong as 
he was defirous of making it. In the beginning of 
1789 he was recalled by the news of the French revo¬ 
lution, which he conceived might probably produce a 
change in his own meafures and in thofe of his friends. 
This idea, added to other circumftances, accelerated his 
return. The fire had blazed forth in his native coun¬ 
try. “ Hope (fays he) animated every heart; the moft 
diftinguiffied champions had engaged in the conteft ; I 
too became defirous to break a lance, and I publiffied 
my Plan of Conduit for the Deputies of the Peopledy' 

This, and other works of a iimilar kind, of which he 

loudly boafts the merits, raifed him high in the favour 
of the republican part of the nation, and he became 
prefident of his diftrid ; where he a&ed, according to 
his own account, with great uprightnefs in the munici¬ 
pality, in the firft committee of inquiries, and as an 
ele&or. At laft he became a member, firft of the Na¬ 

tional AJfcmlly, and, after its diffolution, of the Sangui¬ 
nary Convention ; and by fome means or other got to 
be the leader of a party called fometimes the Girondi/ls, 
and fometimes the Brijfotines. From that period the 
principal events of his life were involved with the pub¬ 

lic t ran factions of the nation, of which we have given 
an account in the Encyclopedia under the title Revo¬ 
lution (fee that article, n° 101—182.) The Giron- 

dift fa&ion was denounced by the Mountain, and Biif- 
fot fuffered by the guillotine on the 30th of November 
1793. He fell indeed by a very unjuft fentence ; but 

his fall was the natural confequeuce of that anarchical 
tyranny under which no man had contributed more than 

he to fubjedl his native country. 
BROWN (Dr John), author of the Elementa Medi¬ 

cine, &c. was born in the village of Dunfe, or, as fome 
fay, Lintlaws, in the county of Berwick, in the year 
1735-6. His parents were of mean condition, but 
much refpe&ed in the neighbourhood for the integrity 

of their lives. His father gained his livelihood in the 
humble capacity of a day-labourer; while his mother 
contributed her (hare towards the fupport of the fami¬ 

ly by -the profits arifing from a milch cow. 
Such were the perfons who, in an obfeure part of 

the country, gave birth to a fon deftined, at a future 
period, to make a diftinguiffied figure in the republic of 
letters; and from whom originated a fyftem of the ani¬ 
mal economy, which, whatever be its real merits, has 

undoubtedly produced a coufiderable revolution in the 

practice of medicine. 
At the age of three or four years, young Brown was 

put to a reading fchool in Dunfe, which he himfelf 
commemorates as the place rather of his education than 

of his nativity. Here, under the tuition of an old wo¬ 
man, he very early began to exhibit marks of that 
ftrength of mind for which he was afterwards fo emi¬ 
nently diftinguiffied. In the ffiort period of a year he 
became able to read with facility any part of the Bible, 
and acquired over his clafs-fellows that fuperiority which 

he ever after maintained both at fchool and college. 
It was almoft immediately after his entrance into this 

fchool, that his infatiable defire of reading commenced; 
and fo unremitting was his application, that he is faid 

never to have been found, even at thofe hours which 
children much more advanced in life devote to amufe- 

ment, without a book in his hand. 
While he was making this rapid progrefs in the ru¬ 
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dirnenta of literature, he fuffered what mud have ap- 

" peared to be a very heavy lofs in the death of his fa¬ 
ther ; but his mother foon afterwards married a worthy 
man of the fame name, whofe care and attention fup- 
plied the place of a father to her fon. This man being 
a weaver, defigned to educate his fon-in-law to the fame 
bufmefs, and began to inftrudl him in his art when he 
was about nine years of age: but the tafte which young 
Brown had already acquired for letters, made him look 
with difguft on the infipid employment of a weaver. 
His ftep-father was no tyrant, and his mother was affec¬ 
tionate. They were both proud of the talents which 
at fo early a period of life had appeared in* their fon, 
and they felt no inclination to ftruggle with the invin¬ 
cible averfion which he exprefled to the bufinefs for 
which they intended him. 

Another circumftance, however, contributed in no 
fmall degree to make them recal their original refolu- 
tion. They were both of that fe£l of religionifts which 

in Scotland are called Seceders (fee Seceders, EncycL); 
and it was fuggefted to them by fome perfons of their 
own perfuafion, who had remarked the uncommon abili¬ 
ties of the boy, that he might one day prove an able 
fupport and promoter of their tenets as a preacher. He 
was accordingly, much to his fatisfadlion, taken away 
from the bufmefs to which he had conceived fucli a 
diftafte, and fent to the grammar-fchool of Dunfe, 
which was taught at that time by a gentleman of the 

name of Cruickfhank, eminent for his grammatical 
knowledge. Here he appears to have fpent fome years 
with uncommon advantage and happinefs ; during which 
he was efteemed by all the country round as a kind of 
prodigy. Like Johnfon, and many other men of the 
higheft celebrity, he united in the fame perfon uncom¬ 

mon powers of mind, with no lefs {Length of body, as 
indeed his appearance indicated; and in his youth he 
enfured his own perfonal importance among his fchool- 
fellows, by excelling them not lefs in athletic exercifes 
than in the talks prefcribed by their mailer. He was 
particularly fond, when a boy, of pra&ifmg the pugiliilic 
art ; and indeed until the laft period of his life he was 
obferved by his friends always to view an exhibition of 
that kind with peculiar reliih. He alfo prided himfelf 
much in being a flout walker; and mentions his ha¬ 
ving in one day accompliihed, when but fifteen years 
of age, a journey of fifty miles between Berwick-upon- 
Tweed and Morpeth in Northumberland. When far¬ 
ther advanced in life, he travelled on foot from four in 
the afternoon of one day to two in the afternoon of 
next day, with the fhort interval of one hour’s refl! 
But as one of his biographers very juflly obferves, « we 
have feen that he could make a more rational ufe of 
his llrength than merely to flake it againfl time and 
fpace 

His early years while at fchool were marked by the 
mod rigid attachment to his fedl. So ftridl indeed were 
his religious fentiments. if a boy of ten or eleven can be 
faid to have any fentiments deferving to be called reli¬ 
gious, that he would have conceived the holding of any 
communion with the eflablifhed church as a kind of 
profanation. An event, however, happened, fome time 
between the eleventh and thirteenth years of his age, 
which produced a total and unexpedled revolution in 
his religious opinions. At a meeting of the provincial 

fynod of Merfe and Tiviotdale, he was prevailed upon, 
Suppl. Vol.I. Part I. 

though not without manifefling much relu&ance, to 

accompany a party of his fchool-fcllows to the parifli 

church of Dunfe. The confequence of this tranfgref- 
fion, as he had dreaded, was an immediate fummons to 
appear before the feflion of the Seceding congregation; 
to which, through pride, not choofing to attend, in or¬ 
der to preclude a formal, expuliiori, lie voluntarily abju¬ 

red their tenets, and openly avowed his apoflacy to the 
ellablifhment. 

All changes in religion which are not the confequence 
of candid invefligation are dangerous. He who leaves 
one fed he knows not why, will quickly abandon, with 
as little reafon, that to which in a fit of paffion he had 

haflily joined himfelf. From the moment of his quit¬ 

ting the communion of the Seceders, Brown’s religious 
ardour fuffered a gradual abatement; and though, to 
pleafe his mother, he continued to profecute his ftudies 
with a view to the office of a clergyman in the church 

of Scotland, his opinions became daily more and more 
lax, and his life of courfe lefs and lefs regular. It was, 

however, a confiderable time before he admitted, in 
their full extent, thofe principles of irreligion which he 
afterwards avowed ; for upon his firft perufing the Ef- 
fays of Mr Hume, though his own zeal was then much 

cooled, he expreffed great indignation at their danger¬ 
ous tendency. 

At the age of twelve years he had been employed by 
MrCruickfhank as a kind of ufher in the fchool of Dunfe ; 
and that gentleman having declared that his knowledge 
of the Latin language was equal to his own, his fame as 
a fcholar was fo fpread over the country, that at the age 

of thirteen he was intrufled with the education of a 

gentleman’s fon in the neighbourhood, when lie quitted 
the fchool and his beloved mailer. In his new fitua- 
tion, however, he remained not long. Dr Beddoes con- 
jedures, that to the fliffnefs of pedantry he added the 

fournefs of a bigot, and was therefore a difagreeable in¬ 
mate of the family. T. hat a boy of thirteen, proud of 
bis talents, and prouder of his learning, fiiould have the 

ftiffnefs of' a pedant, is indeed extremely probable ; it 
was the natural confequence of the praife with which, 
he had been honoured by Mr Cruickffiank : but there 
is reafon to believe that of his original bigotry few tra¬ 

ces now remained. The real caufe of his difmiffion from 
the family, we are affiured, was his pride; and as it mull 

have been the pride of parts, it confirms the firft part of 
Dr Beddoes’s conjedure. 

It Items lie was much difpleafed that, when company 
were at dinner, he was not defired to remain after the 
cloth was removed ; and yet if lie was then only thir¬ 
teen years of-age, it is not eafy to conceive for what 
purpofc he (liould have (laid. He could not poflibly 
know much of the world, or of any thing likely to em¬ 
ploy the convention of country gentlemen ; and we 
cannot help thinking, that the matter of the houfe 

would have treated his guefts with rudtnefs, had he de¬ 
tained among them a raw boy to liften to every un- 

guaideo exprelfiou which might efcape them over their 

wme. It would appear, however, that he was not un- 
wilhng to give the tutor of his fon an opportunity of 

difplaymg Ins abilities, when fucli fubjefts were intro- 
duced as he knew him to have ft tidied ; for a difputc 
having anfen, one day after Brown had retired to his 

own room, concerning the decrees of Trovidence Ire 

fent to requeft his opinions on tliatabftrufe fubjeft. By 

CL the 
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Brown, the meflenger Brown returned a verbal anfwer, that 
-hi the decrees of Providence are very unjuft, for having 

made blockheads lairds.” . 
Mr Cruicklhank had fome time before requelted liim 

to return to the fituation which he had formerly held 

in the fchool of Dunfe ; and we cannot wonder that, 
immediately after making this infolent anfwer, he found 

it convenient to comply with his requeft. He was now 
about fifteen, and he continued m the fchool till the 
2Cth year of his age ; during which time, from the 
conftant habit of teaching the Latm and Greek lan¬ 
guages, he acquired a wonderful facility in reading both 

thele languages, and in writing the former, though he 

wrote not with tafte. 
About this time it occurred to him that he might 

turn his elaffical acquirements to more account, by be¬ 
coming a private teacher of languages in Edinburgh. 

To that city he accordingly repaired, where, while he 
obtained a livelihood as a teacher, he propofed at the 

fame time to purfue his theological ftudies at the umver- 
fity But an accident happened to him here which made 
him altogether change the plan he had come upon ; and 
the death of his mother, after a refidence of fome tune in 
Edinburgh,abfolved him,as he thought,fromthe promife 

which he had made to her of appearing one day in the 
pulpit. Shortly after an unfuccefsful competition for 

one of the chairs then vacant in the high-fchool, an ap¬ 
plication was made to a friend of his for a proper per- 

fon to turn a medical tliefis into Latin. Brown was 
recommended. He was limited to a certain time; with- 

in which it appeared fcarce practicable to perform the 
tafk He accomplifhed it, however, ana m fuch a ityle 
of grammatical correftnefs and purity as far exceeded the 

general run of fuch produaions. On this being remark- 

id to him by his friends, he obferved, “ that lie now 
knew his (Length, and was ambitious of ruling in his 

carriage as a pliyfician.” He therefore determined to 

apply himfelf with ardour to the ftudy of medicine, to 
which this accidental circumftance alone diredted his at¬ 

tention. Accordingly, at the commencement of the 
next winter feffion, he addreffed a Latin letter to each 

of the medical profeffors, and by them was prefented 

with tickets of admittance to their feveral dalles. 
From fuch a favourable beginning, being of a very 

fanguine difpofition, he conceived the molt flattering 

expectations of his future fuccefs ; and indeed for fome 
time he feems to have lived in affluent circumftances. 

His attainments were fo various, and in fuch requeft-in 

Edinburgh, that as a Angle man he could fcarcely fail 
to gain a competent living ; for during the laft five 
years of his refidence under Mr Cruickfliank, to a tho¬ 
rough acquaintance with ancient hiftory, he had added 
a very coniiderable knowledge of mathematics; in which, 
amono- other branches of fcience, he never had any ob¬ 
jection to give inftrudions. In the acquifition of that 
variety of knowledge which he pofTeffed, he was greatly 
shifted by a mod tenacious memory ; to the retentive- 
nefs of which an old fchool-fellow bears teftimony, by 
affirming,, that “ after once reading over the leffon, con- 
fifting of two odavo pages in Latin, he would lay afide 
the book* and preled the whole over without miftaking 

a Angle word.” . . . 
Brown, already in eafy circumftances for an indivi¬ 

dual, faw, or thought he faw, in the eflablifhment of a 

fcoarding-houfc for ftudents a refource which would en- 
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able him to maintain a family ; and in expectation of 
realising this profpcCt, he married, in 1765, the daugh¬ 
ter of a refpeCtable tradefman in Edinburgh. The di- 
ftinguifhed attention at that time paid him- by Dr Cul¬ 
len, in whofe family he had become a necefiary perfon, 
contributed in all probability to ftrengthen his hopes 

that his houfe would be filled with proper boarders 
through the DoCtor's recommendation. His fucceis in 
this way for fome time anfvvered his moft fanguine ex¬ 

pectations ; and his circumftances at one period were fo 

flourifhing, that he is faid to have kept a one-horfe 

ehaife. 
It was, perhaps, the greateft misfortune that could 

have befallen Brown, that he poffeffed, in a high de¬ 
gree, thofe talents which make a man’s company fought 
after by the gay and the diffipated : He was capa¬ 

ble of “ fetting the table in a roar.” We need not 
therefore wonder at his frequently negleCting more 
neceffary purfuits to enjoy the conviviality of the nu¬ 
merous friends who courted his company; or that drink¬ 

ing and diffipation became habitual to liim. He was 

as deficient in point of prudence as he excelled in ge¬ 
nius. His houfe was filled with refpedable boarders ; 

but as he lived too fplendidly for an income at bed but 
precarious, he became gradually involved in debt, and his 

affairs were {till more embarraffed by the burden of a nu¬ 
merous family. Soon after he began to be involved, in 
thefe difficulties, he fuffered an additional lofs in being 
deprived of the patronage of Dr Cullen, in confequence 
of a difagreement that had taken place between them. 

This enmity, which had for fome time before fccretly 

fubfifted, probably from mutual jealoufy, was at length 
excited into an open rupture ; firft, by Dr Cullen’s not 

exerting his intcrell in procuring for Brown the theo¬ 
retical chair of medicine, then vacant in confequence ei¬ 
ther of the death or refignation of Dr Alexander Monro 

Drummond; and, feeondly, by his rejeding, fome time 
after. Brown’s petition for admittance into the Edin¬ 

burgh Philofophical Society. 
In 1776 Brown was eleded prefident of the Medical 

Society ; and the fame honour was again conferred on 
him in 1780. He. was led on, in the gradual manner 
he himfelf deferibes in his mafterly preface to the Eh* 
menta Median#, to the difeovery of his new dodrine; 
which, on dropping all correfpondence with his former 

friend and benefador, he now, for the firft time, began 
to illuftrate in a courfe of public ledures ; and in thefe 
he difplayed equal ingenuity and philofophical profun¬ 
dity. Much about the time of which we now fpeak, 
he publiffied the firft edition of the Elementa Median#; 
a work which certainly proves its author to have been 
a man of uncommon genius and originality of thought. 

The circumftances in which this work was compofed 
refled great honour on his abilities. He never retired 
to his ftudy ; but, totally abforbed in his own ideas, 
wrote with the greateft tranquillity amidfl the noife 
of ten children, occafionally fettling their childifh dif¬ 

ferences. 
In the year 1779? though he had ftudied medicine 

ten or twelve years at the univerfity of Edinburgh, he 
was prevailed upon by his friends to take a degree at 
St Andrews, where he gave a confpicuous proof of his 

facility in Latin compolition. He wrote a thefis, or 
inaugural dhTertation, in the tavern while the cloth was 

laying for dinner : and one of his companions, who was 
1 * finging 
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Brown, fmging befide him, having uttered a falfe note, or Tung 

out of time, Mr Brown, in the middle of his writing, 
flopped to {hew him how the fong ought to be fung, 
and then inflantly proceeded in his thefis. 

His family having now become fo numerous as to ren¬ 
der keeping a boarding-houfe inconvenient, he had alrea¬ 
dy for fome time given it up, and depended for fupport 

entirely on his practice as a phyiician and his public 
le£lures. At this time the difputes between the Culle- 

liians and the Brunonians (as the young men now ilyled 
themfelves) were carried on with fuch acrimony on both 
Tides, in the different focieties, that it was not unufual for 
them to terminate in duels ; and there exifls at this day, 
on the records of the Medical Society, a law which it 
was thought expedient to ena&, by which a member 

who challenges another for any thing faid in public de¬ 
bate incurs the penalty of expulfion. 

Obferving the fludents of medicine frequently to 
feek initiation into the myiteries of free-mafonry, Dr 
Brown thought their youthful curiofity afforded him a 
chance of profelytes. In 1784, he inflituted a meet¬ 
ing of that fraternity, and in titled it the Lodge of the 
Roman Eagle. The bufinefs was conduced in the La¬ 
tin language, which he fpoke with the fame fluency as 
Scotch; and he difplayed much ingenuity in turning 
into Latin all the terms ufed in mafonry. 

As the terms on which he lived with his brethren 
of the faculty were fuch that he obflinately avoided 
meeting them even in confultation, we may conclude 
that his own private pra&rce was but limited. His 
friends affirmed, perhaps without fuflicient proof, that 
cabals were formed againft him, and every advantage 
taken of the errors he was led to commit by his own 

imprudence. After a long feries of flruggles, there¬ 
fore, hoping to meet with that encouragement among 
the Euglifh of which he had been difappointed in his 
own country, he put in praftice a plan upon which he 
had long meditated, and removed in 1786 with part of 
his family to London. Immediately on his arrival, an 

incident befel him, which Dr Beddoes fays he has heard 
the late Mr Murray, bookfeller in Fleet-flreet, relate as 
a proof of his fimplicity. The peculiarity of his ap¬ 
pearance as he moved along (a fliort fquare figure, 
with an air of dignity, in a black fuit, which heighten¬ 

ed the fcarlet of his cheeks and nofe) fixed the atten¬ 
tion of fome gentlemen in the flreet. They addreffed 
him in the dialect of his country. His heart, heavy as 

it mufl have been, from the precarioufnefs of his fitua- 
tion, and diflance from his accuftomed haunts, expand¬ 
ed at thefe agreeable founds. A converfation enfued ; 
and the parties, by common confent, adjourned to a ta¬ 
vern. Here the ftranger was kindly welcomed to town; 
and, after the glafs had circulated for a time, fomething 
was propofed by way of fober amufement—a game at 
cards, or whatever the Do£lor might prefer. The 

Dodlor had been too civilly treated to demur ; but his 
purfe was fcantily furnifhed, and it was neceffary to 
quit his new friends in fearch of a fupply. Mr Murray 
was the perfon to whom he had recourfe : the reader 
will not wonder that his interference fhould have fpoiled 
the adventure. 

A London (harper, of another denomination, after¬ 
wards tried to make advantage by the Dodlor. This 
was an ingenious fpeculator in public medicines. He 
thought a compofltion of the mofl powerful flimulants 

might have a run, under the title of Dr Brown's ex- 

citing pill; and, for the privilege of his name, offered 
him a fum in hand by no means contemptible, as well 

as a fhare of the contingent profits. Poor Brown, 

needy as he was, fpurned at the propofal. 
After this period, his life affords little variety of in¬ 

cident. Like Avicenna, his time feems to have been 

fpent between his literary purfuits and his plealures. 

A fplendid manner of living, without an income to fup¬ 

port it, had become habitual to him : The confequence 
was, that, from inability to difeharge certain debts he 

had contra£led, he was thrown into the king’s bench 
prifon ; from which, however, he was, not long after¬ 
wards, releafed by the exertions of a few firm friends, 
particularly Mr Maddifon of Charing-crofs, a gentle* 

man univerfally refpe&ed for his well-known benevo¬ 
lence. As a proof of the a&ivity he was {till capable 
of exerting, it will be fuflicient to mention, that he ac- 

complifhed the tranflation of his Ekmetita, with the 
addition of the fupplementary notes, within 23 days, 
having been informed that a tranflation of the fame was 
about to be publifhed by another perfon. 

Shortly before his death, the ambaffador of the 

king of Prufiia, in the name of his mafter, made Dr 
Brown an offer of a fettlement in the court of Berlin j 

during the negociation of which he was unexpeftedly 
cut off by an apoplexy early in the morning of the 7th 

of O&ober 1788, the day fucceeding that on which he 
had delivered to a company of thirteen gentlemen the 
greater part of the introdudlory lecture to his fecond 

courfe. At his death, he was between 92 and 53 years 
of age. His remains were interred in the church yard 

of St James’s Picadilly ; and the only monument left 
behind him to tranfmit his name to poflerity is his 
own works ; which, when perfonal prejudice no longer 
fhall prevail againfl their ingenious author, cannot fail 
to procure him all that deferved celebrity which they 

have already, in part, obtained in the different coun¬ 
tries of Europe. 

In 1787, he publifhed his “ Obfervations,” without 
his name, which he afterwards, however, refers to in 
the Elements as his own. The “ Enquiry,” faid to 

be written by Dr Jones, and which was compofed in as 
fhort a time as the generality of men would tranferibe 
a work of its extent, we can affirm, from undoubted 
authority, to be his produdtion. 

This fketch of the life of the unfortunate Dr Brown 
would be of very little value if not followed by a view 
of his fyflem ; but to give a complete view of that fyf. 
tem would far exceed the limits within which, in a 
work like this, fuch articles mufl be confined. * We 
trufl, therefore, that our readers will be fatisfied with 
an abflradl ; and as we are neither the partifans nor op¬ 
ponents of the Do&or, and not very partial to any me. 
dical fyjlem whatever, we fhall content ourfelves with 
inferring, in this place, the view which Dr Beddoes has 

given of Dr Brown’s fundamental propofitions in the 
valuable obfervations which he has prefixed to his edi¬ 
tion of the Elements of Medicine. 

“ The varied ftru&ure of organized beings (fays Dr 
Beddoes), it is the bufinefs of anatomy to explain. Con- 

feioufnefs, affifted by common obfervation, will diflin- 

guifh animated from inanimate bodies with precifion 
more than fuflicient for all the ends of medicine. The 

caufe of gravitation has been left unexplored by all pru- 

Qj* dent 
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dent philosophers ; and Brown, avoiding all ufelefs dif- 
quifition concerning the caufe of vitality, confines him- 
felf to the phenomena which this great moving prin¬ 
ciple in nature may be obferved to produce. His moll 
general propofitions are eafy of comprehenfion. 

<< I. To every animated being is allotted a certain 

portion only of the quality or principle on which the 
phenomena of life depend. This principle is denomi¬ 

nated excitability. 
“ 2. The excitability varies in different animals, and 

in the fame animal at different times. As it is more 
intenfe, the animal is more vivacious or more fufceptible 

of the aftion of exciting powers. 
u 3. Exciting powers may be referred to two clalfes. 

1. External; as heat, food, wine, poifons, contagipns, 
the blood, fecreted fluids, and air. 2. Internal ; as the 
fun&ions of the body itfelf, mufcular exertion, think¬ 

ing, emotion, and pafiiori. 
« 4. Life is a forced Rate ; if the exciting powers 

are withdrawn, death enfues as certainly as when the 

excitability is gone. 
“ 5. The excitement maybe too great, too fmall, or 

in juft meafure. 
« 6. By too great excitement, weaknefs is induced, 

becaufe the excitability becomes defective ; this is in di¬ 

rect debility : when the exciting powers and ftimulants 
are withheld, weaknefs is induced ; and this is direft de¬ 

bility. Here the excitability is in excefs.. 
“ 7. Every power that ads on the living frame is 

flimulant, or produces excitement by expending excita¬ 
bility. Thus, although a perfon accuftomed to ani¬ 
mal food may grow weak if he lives upon vegetables, 

flill the vegetable diet can only be confidered as pro¬ 
ducing* an effed, the fame in kind with animals, though 
inferior in degree. Whatever powers, therefore, we 
imagine, and however they vary from fuch as are habi¬ 
tually applied to produce due excitement, they can only 
weaken the fyftem by urging it into too much motion, 

or buffering it to fink into langour. 
“ 8. Excitability is feated in the medullary portion 

of the nerves, and in the mufcles. As foon as it is 
anywhere affeded, it is immediately affeded everywhere; 
nor is the excitement ever increafed in a part, while it is 
generally diminifhed in the fyftem ; in other words, diffe¬ 
rent parts can never be in oppofite ftates of excitement. 

6i I have already fpoken of an llluftration, drawn up 
by Mr Chriftie from a familiar operation, to facilitate 
the conception of Brown’s fundamental pofitions. I 

introduce it here as more likely to anfwer its purpofe 
than if feparately placed at the end of my preliminary 
obfervations. ‘ Suppofe a fire to be made in a grate, 
filled with a kind of fuel not very combuftible, and 
which could only be kept burning by means of a ma¬ 
chine containing feveral tubes, placed before it, and 
conftantly pouring ftreams of air into it. Suppofe alfo 
a pipe to be fixed in the back of the chimney, through 
which a conftant fupply of frefh fuel was gradually let 
down into the grate, to repair the wafte occafioned by 

the flame, kept up by the air machine. 
« The grate will reprefent the human frame ; the 

fuel in it, the matter of life—the excitability of Dr 
Brown, and the fenforial power of Dr Darwin ; the 
tube behind, fupplying frefh fuel, will denote the power 
of all living fyftems, conftantly to regenerate or repro¬ 

duce excitability j while the air machine, of feveral tube 
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denotes the various ftimuli applied to the excitability J 

of the body ; and the flame drawn forth in confequerice *— 
of that application reprefents life, the product of the 

exciting powers a&ing upon the excitability. 
f 4 As Dr Brown has defined life to be a forced flat 

it is fitly reprefented by a flame forcibly drawn forth 
from fuel little difpofed to combuftion, by the conftant 
application of llreams of air poured into it from the 

different tubes of a machine. If fome of thefe tubes 
are fuppofed to convey pure or dephlogifticated air, 

they will denote the higheft clafs of exciting powers, 
opium, muflc, camphor, fpirits, wine, tobacco, &c. the* 
diffufible ftimuli of Dr Brown, which bring forth for a 

time a greater quantity of life than ufual, as the blow¬ 
ing in of pure air into a fire will temporarily draw forth 
an uncommon quantity of flame. If others of the tubes 

be fuppofed to convey common or atmofpheric air, they 
will reprefent the ordinary exciting powers, or ftimuli, 

applied to the human frame, fuch as heat, light, air, 
food, drink, &c. while fuch as convey impure and in¬ 
flammable air may be lifed to denote what have for¬ 
merly been termed fedative powers, fuch as poifons,, 

contagious miafmataj foul air, See. 
< The reader will now probably be at no lofs to un¬ 

derhand the feeming paradox of the Brunojsian fyftem ; 

that food, drink, and all the powers applied to the bo¬ 
dy, though they fupport life, yet confume it; for he 
will fee that the application of thefe powers, though, 

it brings forth life, yet at the fame time it waftes.the 
excitability or matter of life, juft as the air blown into 

the fire brings forth more flame, but waftes the fuel or 

matter of fire. This is conformable to the common 
faying, “ the more a fpark is blown, the brighter it 
burns, and the fooner it is fpent.” A Roman poet 

has givdn us, without intending it, an excellent illuftra- 

tion of the Brunonian fyftem, when he fays, 

<< Balnea, vina, Venus, confumunt corpora nojlra; 

“ Sedvitam faciunt balnea, vina, Venus. 

“ Wine, warmth, and love, our vigour drain 
“ Yet wine, warmth, love, our life fuftain.” 

Or to tranflate it more literally, 

“ Baths, women, wine, exhauft our frame 

« But life itfelf is drawn from them.” 

« Equally eafy will it be to illuftrate the two kinds 

of debility, termed dire3 and indirect, which, according* 
to Brown, are the caufe of all difeafes. If the quan¬ 
tity of ftimulus or exciting power is proportioned ta 
the quantity of excitability, that is, if no more excite¬ 
ment is drawn forth than is equal to the quantity o£ 

excitability produced, the human frame will be in a 

ftate of health, juft as the fire will be in a vigorous 
ft ate when no more air is blown in> than is fuflicient to 
confume the frefh fupply of fuel conftantly poured down 
by the tube behind, if a fuflicient quantity of ftimulus 
is not applied, or air not blown in, the excitability in 

the man, and the fuel in the fire, will accumulate, pro¬ 
ducing direct debility ; for the man will become weak, 
and the fire low. Carried to a certain degree, they will 
occafion death to the firft, and extin&ion to the laft. 
If, again, an over proportion of ftimulus be applied, or 
too much air blown in, the excitability will foon be 

wafted, and the matter of fuel almoft fpent* Hence 
will 
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will anTe indire& debility, producing the fame weaknefs 
in the man, and lownefs in the fire, as before, and equal¬ 
ly terminating, when carried to a certain degree, in 

death and extfn&ion. 
< As all the difeafes of the body, according to Dr 

Brown, are occafioned by diredl or indiredl debility, 

in confequence of too much or too little ftimuli, fo all the 
defe&s of the fire mull arife from diredf or indirect low¬ 
nefs, in confequence of too much or too little air blown 
into it. As Brown taught that one debility was never 

to be cured by another, but both by the more judicious 
application of ftimuli, fo will be found the cafe in treat¬ 

ing the defefts of the fire. If the fire has become low, 

or the man weak, by the want of the needful quantity 
of ftimulus, more muft be applied, but very gently at 
firft, and increafed by degrees, left a ftrong ftimulus ap¬ 
plied to the accumulated excitability lhould produce 
death ; as in the cafe of a limb benumbed with cold 
(that is, weakened by the accumulation of its excitabi¬ 
lity in confequence of the abftradfion of the ufual fti¬ 

mulus of heat), and fuddenly held to the fire, which 
we know from experience is in danger of mortification ; 
or as in the cafe of the fire becoming very low by the ac¬ 
cumulation of the matter of fuel, when the feeble flame, 
afiailed by a fudden and ftrong blaft of air, would be 
overpowered and put out, inftead of being nourifhed 
and increafed. Again, if the man or tHe fire have been 

rendered indiredlly weak, by the application of too 
much ftimulus, we are not fuddenly to withdraw the 
whole, or even a great quantity of the exciting powers 
or air, for then the weakened life and diminifhtd flame 

might fink entirely ; but we are by little and little to 
diminiffi the overplus of ftimulus, fo as to enable the 
excitability, or matter of fuel, gradually to recover its 
proper proportion. Thus a man who has injured his 

conftitution by the abufe of fpirituous liquors is not 
fuddenly to be reduced to water alone, as is the prac¬ 
tice of fome phyficians, but he is to be treated as the 
judicious Dr Pitcairn of Edinburgh is faid to have 
treated a Highland chieftian, who applied to him for 
advice in this fituation. The Doctor gave him no me¬ 

dicines, and only exadled a promife of him, that he 
would every day put in as much wax into the wooden 
queichy out of which he drank his whifky, as would re¬ 
ceive the impreflion of his arms. The wax thus gra¬ 
dually accumulating, diminifhed daily the quantity of 
the whifky, till the whole queich was filled with wax ; 
and the chieftain was thus gradually, and without injury 
to his conftitution, cured of the habit of drinking fpirits. 

‘ Thefe analogies might be purfued farther ; but my 
object is folely to furnifh fome general ideas, to prepare 
the* reader for entering more eafily into the Brunonian 
theory, which I think he will be enabled to do after 
perufmg what I have faid. The great excellence of that 

theory, as applied, not only terthe practice of phyfic, 
but to the general condmft of the health, is, that it im- 

preffes on the mind a fenfe of the impropriety and dan¬ 
ger of going from one extreme to another. The hu¬ 

man frame is capable of enduring, great varieties, if 
time be given it to accommodate itfelf to different ftates. 
All the mifehief is done in the tranfition frqm one ftate 

to another. In a ftate of low excitement, we are not 
rafhly to induce a ftate of high excitement; nor when 

elevated to the latter, are we fuddenly to defeend to the 

former, but Hep by ftep, and as one who from the top 

of a high tower defeends to the ground. From hafty 

and violent changes the human frame always fuffers ; 
its particles are torn afunder, its organs injured, the vi¬ 

tal principle impaired, and difeafe, often death, is the 
inevitable confequence. 

‘ I have only to add, that though in this illuftration 
of the Brunonian fyftem (wrritten feveral years ago), I 
have fpoken of a tube conftantly pouring in frefli fuel, 

becaufe I could not otlierwife convey to the reader a 
familiar idea of the power pofTefled by all living fyftems, 

to renew their excitability when exhaufted ; yet it may 
be proper to inform the ftudent, that Dr Brown fup- 
pofed every living fyftem to have received at the begin¬ 

ning its determinate portion of excitability ; and, there¬ 
fore, although he fpoke of the exhauftion, augmenta¬ 
tion, and even renewal of excitability, I do not think 

it was his intention to induce his pupils to think of it 
as a kind of fluid fubftance exifting in the animal, and 

fubjedl to the law by which fuch fubftances are govern¬ 
ed. According to him, excitability was an unknown 

fomewhat, fubjedt to peculiar laws of its own, and whofe 
different ftates we were obliged to deferibe (though 

inaccurately) by terms borrowed from the qualities of 
material fubftances/ 

“ The Brunonian fyftem has frequently been char¬ 
ged with promoting intemperance. The objedlion is ' 
ferious ; but the view already given of its principles 

fhews it to be groundlefs. No writer had infilled fo 
much upon the dependence of life on external caufes, 
or fo ftrongly ftated the inevitable confequences of e» 

cefs. And there are no means of promoting morality 
upon which we can rely, except the knowledge of the. 
true relations between man and other beings or bodies. 
For by this knowledge we are diredlly led to fhun what- 
is hurtful, and purfue what is falutary. And in what 

elfe does moral conducl, as far it regards the individual, 
confift ? It may be faid that the autlibr s' life difproves 
the juftnefs of this reprefentation : his life, however, 
only fhews the fuperior power of other caufes, and of 
bad habits in particular; and I am ready to acknow¬ 

ledge the little efficacy of fnftrudlion when bad habits- 

are formed. Its great ufe confifts in preventing.their 
formation; for which reafon popular inftrudlion if> me¬ 

dicine would contribute more to the happinefs of the 

human fpecies, than the complete knowledge of every¬ 
thing which is attempted to be taught in education, as 
it is conduced at prefent. But though the principles 
of the fyftem in queftion did not correft the prepenfi- 
ties of its inventor, it does not follow that they tend to 
produce the fame propeidities in others/* 

BRUCE (James,-Efq; F. R. S.), the celebrated 
Abyffinian traveller, was born, 1730, at Kinnaird houfe, 
in the parifh of Larbert and county of Stirling, His 

defeent by both parents was ancient and honourable ; 
and of that defeent he was, perhaps, too proud. - His 
grandfather was ■—— Hay, Efq; of Woodcoekdale, in 
the county of Linlithgow, who, marrying Mils Bruce, 

the heirefs of Kinnaird, gave the name o\ Bract to all 
his defeendants. 

Perhaps this change of name may have taken place 

in obedience to*, the deed by which the eflate ut Kin- 

naird was fettled on Mrs Hay’s children ; but it is a 
change which, in a country like Scotland, where au- 
tiquity of defeent is highly valued, any man would vo¬ 

luntarily have adopted, who had*married the heirefs.of 

Brow 
Bruce. 

>—v— 
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Bmce. fucTi a family'. The Bruces of Kinnaird had been in 
—v-'poffeflion of that eftate for three centuries : they were 

defcended from a younger fon of Robert de Bruce, the 
competitor with Baliol for the crown of Scotland. It 
would readily occur, that the knowledge of fuch a de- 
fcent would be beft preferved by continuing the name 

of their great anceftor ; and we have reafon to believe, 
that the fubjedt of this memoir was not much delighted 
when put in mind, as he frequently was, that, though 

the heir of the line, he was not the male heir of that 

branch of the illuftrious family. 
As he was allied to royalty by his father and grand¬ 

mother, through his mother he was related to fome of 

the moft refpedlable families in the kingdom. She was 
the daughter of James Graham, Efq; of Airth, dean of 
the faculty of advocates, and judge of the high court of 

admiralty in Scotland, by Marion, daughter of Janies 
Hamilton Efq; of Pencaitland ; and to a man of our 

traveller’s turn of mind, there can be no doubt but that 
it mull have afforded much fatisfadlion to think, that 
no family ranks higher in Scotland than thofe of Bruce, 
Graham, and Hamilton. In him, however, it was weak- 

liefs to be proud, if indeed he was proud, of family ; 
for the talents bellowed upon him by nature, or, to 
{peak more properly, by nature’s God, would have made 
him great though he had been born on a dunghill. 
He would indeed have been, in all probability, much 

greater than he was, had he not been in poffefiion of the 

phantom of birth to gratify much of his ambition; for 
the facility with which he mattered every ftudy in which 
he engaged, would have carried him quickly to the top 

of the moft honourable profeffion. 
Mr Bruce was inftrndled in grammatical learning at 

the fehool of Harrow on the Hill, in the county of 
-Middlefex, where he gave the moil unequivocal proofs 
of genius, and acquired a very confiderable knowledge 

of the Greek and Latin languages. It was cuttomary 
with him to perform, not only his own exercifes, but 

alfo the exercifes of fuch of his companions as were 

not equal to the talk themfelves. Among thefe was 
his maternal uncle, who was frequently indebted to his 
affiftance, and, on one occatton, produced a copy of ver- 
fes of his compofitiou, which excited, not only the ap- 
plaufe, but the admiration of their matter. Mr Gra¬ 

ham, who was but a few months older than Mr Bruce, 
had, for fome tranfgreffion (we know not what), beCn 

punilhed, as |>oys in the great fchools in England are 
often punilhed, by having a talk fet him, which he foon 
found himfelf unable to perform. His nephew (1 eh red 

him to be under no uneafinefs, promihng to furnifh him 
with the verfes before the time at which they were to 
be given in. He was as good as his word ; but the 
matter of the fehool foon difeovering that they were 
not the performance of Mr Graham, exclaimed, that 

the author of thefe verfes, whoever he was, might ap¬ 
ply to himfelf the words of Horace, 

-— Sublimi feriam fidera vertice. 

While Mr Bruce was at Harrow, and for a year or 

two after he had left it, he was of a very delicate 
frame, and appeared to his friends to be threatened* 
with a confumption. The truth is, that he 'was un¬ 
commonly tall for his age, and felt all the feeblenefs of 
joints and other bodily weakneffes to which overgrown 

boys are generally fubjedt. His father intended him 
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for the profeffion of the law; and, upon his return from ffruce. 

Harrow, he was entered into the uuiveriity of Edin- 

burgh, where he went through a regular courfe of ftudy 
to fit him for being enrolled in the body of advocates: 
but for fome reafon, which we do not perfectly know, 

he relinquifhed the ftudy of law for the purfnits of 
trade ; and, going to London, entered into partnerlhip 

with a wine merchant of the name of Allen, vtfiofe 

daughter he married. 
That lady falling into a bad ftate of health, Mr Bruce 

took her abroad, in hopes that travelling would be at¬ 
tended with beneficial effedts; but in thefe he was dis¬ 
appointed, as fhe died within a year after her marriage. 

He was induced, in order to difpel his grief, to conti¬ 
nue his travels ; during which his father dying (at E« 
dinburgh, qth May 1758), the inheritance of his ancel- 

tors devolved upon him, and he returned to Britain. 
Some of his fubfequent tranfadtions Ihall now be rela¬ 

ted in his own words. 
“ Every one will remember that period, fo glorious 

to Britain, the latter end of the miniftry of the late earl 
of Chatham. I was then returned from a tour through 

the greateft part of Europe, particularly through the 
whole of Spain and Portugal, between whom there was 

then the appearance of an approaching war. 
“ I was about to retire to a fmall patrimony I had 

received from my anceftors, in order to embrace a life 
of ftudy and refledtion, nothing more adlive appearing 
within my power, when chance threw me unexpedledly 

into a very fhort and very defultory converfation with 

Lord Chatham. 
“ It was a few days after this that Mr Wood, then 

under-fecretary of ftate, my zealous and fincere friend, v 
informed me that Lord Chatham intended to employ me 
upon a particular fervice ; that, however, I might go 
down for a few weeks to my own country to fettle my 

affairs, but, by all means, to be ready upon a call. No¬ 
thing could be more flattering to me than fuch an offer, 

when fo young ; to be thought worthy by Lord Cha¬ 

tham of any employment, was doubly a preference. No 
time was loft on my fide; but juft after receiving orders 

to return to London, his lordfhip had gone to Bath, 

and refigned his office. 
“ This difappointment, which was the more fenfible 

to me that it was the firft I had met with in public 
life, was promifed to be made up to me by Lord Egre- 

mont and Mr George Grenville. The former had been 
long my friend ; but unhappily he was then far gono§ 
in a lethargic indifpofition, which threatened, and did 
very foon put a period to his exiftence. With Lord 
Egremont’s death my expeditions vanifhed. Further 

particulars are unneceffary ; but I hope that, at leaft in 
part, they remain in that breaft where they naturally 

ought to be, and where I fhall ever think, not to be 

long forgotten, is to be rewarded. 
“ Seven or eight months were paffed in an expenfive 

and fruitlefs attendance in London, when Lord Halifax 
was pleafed, not only to propofe, but to plan for me 
a journey of confiderable importance, and which was to 
take up feveral years. His lordfliip faid, that nothing 
could be mpre ignoble than, at fuch a time of life, at 

the height of my reading, health, and adlivity, I fhould, 
as it were, turn peafant, and voluntarily bury myfelf in 
obfeurity and idlenefs; that though war was now draw¬ 

ing fail to an end, full as honourable a competition re¬ 
mained 
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Bruce, mained among men of fpirit, which ffiould acquit them- 

felves bed in the dangerous line of ufeful adventure and 
difcovery. 

“ He obferved, that the coaft of Barbary, which 
might be faid to be juft at our door, was yet but par¬ 
tially explored by Dr Shaw, who had only illuftrated 
(very judicioufly indeed) the geographical labours of 
Sanfon; that neither Dr Shaw nor Sanfon had been, or 
pretended to be, capable of giving the public any de¬ 
tail of the large and magnificent remains of ruined ar¬ 
chitecture, which they both vouch to have feen in great 
quantities, and of exquifite elegance and perfection, all 
over the country. Such had not been their ftudy., yet 
fuch was really the tafte that was required in the pre- 
fent times. He wifned, therefore, that I fhould be the 
firft, in the reign juft now beginning, to fet an example 
of making large additions to the royal collection ; and 
he pledged himfelf to be my fupport and patron, and to 
make good to me, upon this additional merit, the pro- 
mil>s which had been held forth to me by former mi- 
nifters for other fervices. 

“ The difcovery of the fource of the Nile was alfo a 
fubject of thefe conventions, but it was always men¬ 
tioned to me with a kind of diffidence, as if to be ex¬ 
pected from a more experienced traveller. Whether 
this was but another way of exciting me to the at¬ 
tempt I (hall not fay ; but my heart, in that inftant, 
did me juftice to fuggeft, that this too was either to 
be atchieved by me, or to remain as it had done for 
thefe laft 2000 years, a defiance to all travellers, and 
an opprobrium to geography. 

“ Fortune feemed to enter into this fcheme. At the 
very inftant, Mr Afpinwall, very cruelly and ignomi- 
nioufly treated by the dey of Algiers, had refigned his 
confulfhip, and Mr Ford a merchant, formerly the dey’s 
acquaintance, was named in his place. Mr Ford was 
appointed, and, dying a few days after, the confulffiip 
became vacant. Lord Halifax preffed me to accept of 

0 this as containing all forts of conveniences for making 
the propofed expedition. 

“ This favourable event finally determined me. I had 
all fny life applied unvveariedly, perhaps with more love 
than talent, to drawing, the practice of mathematics, 
and efpecially that part necefiary to aftronomy. The 
tranfit of Venus was at hand. It was certainly known 
that it would be vifible once at Algiers, and there was 
great reafon to expeCt it might be twice. I had fur- 
111 filed myfelf with a large apparatus of inftruments, the 
completed of their kind, for the obfervation. In the 
choice of thefe, 1 had been affifted by my friend Ad¬ 
miral Campbell, and Mr Ruffel fecretary to the Turkey 
Company : every other neceffary had been provided in 
proportion. It was a pleafure now to know that it 
was not from a rock or a wood, but from my own houfe 
at Algiers, I could deliberately take meafures to place 
myfelf in' the lift of men of fcience of all nations, who 
were then preparing for the fame fcientific purpofe. 

“ Thus prepared, I fet out for Italy, through France; 
and though it was in time of war, and fome ftrong ob- 
jetftions had been made to particular paffports, folicited 
by our government from the French fecretary of ftate, 
Monfieur de Choifeul moft obligingly waved all fuch 
exceptions with regard to me, and moft politely affu- 
red me, in a letter accompanying my paffport, that 
thofe difficulties did not in any ffiape regard me, but 
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that I was perfectly at liberty to pafs through, or re- Bruce, 
main in, France with thofe that accompanied me, with-*”nr~" 
out limiting their number, as fiiort or as long a time as 
fhould be agreeable to me. 

“ On my arrival at Rome, I received orders to pro¬ 
ceed to Naples, there to await his majefty’s further 
commands. Sir Charles Saunders, then with a fleet 
before Cadiz, had orders to vilit Malta before he re¬ 
turned to England. It was faid that the grand-mafter 
of that order had behaved fo improperly to Mr Har- 
vey (afterwards Lord Briftol) in the beginning of the 
war, and fo partially and unjuftly between the two na¬ 
tions in the courfe of it, that 411 explanation on our 
part was become necefiary. The grand-mafter no foon- 
er heard of my arrival at Naples, than, gueffing the er¬ 
rand, he fent off Chevalier Mazzini to London, where 
he at once made his peace and his compliments to his 
majefty upon his acctffion to the throne. 

“ Nothing remained now but to take pofllffion of 
my confulfhip. 1 returned, without lofs of time, to 
Rome, and from thence to Leghorn, where, having em¬ 
barked on board the Montreal man of war, I proceeded, 
to Algiers. 

“ While at Naples, I received from flaves, redeemed 
from the province of Conftantine, accounts of magnifi¬ 
cent ruins they had feen while traverfing that country 
with their mafter the Bey. I faw the abfolute neceffity 
there was for affiftance, without which it was impoffible 
for any one man, however diligent and qualified, to do 
any thing but bewilder himfelf. All my endeavours, 
however, had hitherto been unfuccefsful to perfuade any 
Italian to put himfelf wilfully into the hands of a peo¬ 
ple conftantly looked upon by them in no better light 
than pirates. At laft Mr Lumifden, by accident, heard 
of a young man who was then ftudying architecture at 
Rome, a native of Bologna, whofe name was Luigi Ba- 
lugani. I can appeal to Mr Lumifden as to the extent 
of this perfon’s practice and knowledge, and that he 
knew very little when firft fent to me. In the twenty 
months which he (laid with me at Algiers, by affiduous 
application to proper fubje&s under my inftru&ion, he 
became a very confiderable help to me, and was the on¬ 
ly one that ever I made ufe of, or that attended me for 
a moment, or ever touched one reprefentation of archi¬ 
tecture in any part of my journey.” 

Our traveller, when in Spain, had endeavoured to 
find accefs to that immenfe collection of Arabic manu- 
feripts which were perifhing in the duft of the efeurial;. 
but in vain. “ All my fuccefs (fay3 be) in Europe termi¬ 
nated in the acquifition of thofe few printed Arabic 
books that I had found in Holland and thefe were 
rather biographers than general hiftorians, and contain¬ 
ed little in point of general information. The ftudy of 
thefe, however, and of Maracci’s Koran, had made me 
a very tolerable Arab; a great field was opening before 
me in Africa to complete a collection of manuferipts, 
an opportunity which 1 did not negleCE 

. “ A/ter a year fpent at Algiers, conftant converfa- 
tion with the natives while abroad, and with my manu¬ 
feripts within doors, had qualified me to appear in any 
part of the continent without the help of an interpreter. 
Ludolf had affured his readers, that the knowledge of 
any oriental language would foon enable them to ac¬ 
quire the, Ethiopic ; and I needed only the fame numt 
ber of books to have made my knowledge of that lan¬ 

guage 
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gnage go hand in hand with my attainments in the A- 
rabic. My immediate profpeft of fettmg out on my 
journey to the inland parts of Africa had made me 
double my diligence ; night and day there was no re¬ 
laxation from thefe fludies, although the acquiring any 
fmgle language had never been with me either an objed 

of time or difficulty,” 
At Algiers Mr Bruce was detained longer than he 

expe&ed/iu confequence of a difpute with the Dey 
concerning Mediterranean paffes. This being adjlifted, 

he proceeded to Mahon, and from Mahon to Carthage. 
He next vifited Tunis and Tripoli, and travelled over 
the interior parts of thefe ftates. At Bengazi, a fmall 
town on the Mediterranean, he fuffered fhipwreck, and 

with extreme difficulty faved his life, though with the 

lofs of all his baggage. He afterwards failed to the 
ides of Rhodes and Cyprus, and proceeding to Alia 
Minor, travelled through a confiderable part of Syria 
and Paleftine, vifiting Haflia, Latikea^ Aleppo, and 

Tripoli; near which laft city he was again in imminent 
danger of perifhing in a river. The ruins of Palmyra 
and Baalbec were next carefully furveyed and fketched 
by him ; and his drawings of thefe places are depofited 
in the king's library at Kew “ the moft magnificent 

prefent in that line,” to ufe his own words, “ ever made 

by a fubjedl to his fovereigu.” 
It is much to be regretted that Mr Bruce publifhed 

no particular account of thefe various journeys ; from 
the nature of the places vifited, and the abilities of the 

man, much curious and ufeful information might have 
been expelled. Some manufeript accounts of different 

parts of them are faid to have been left by him, but 
whether in fucli a ftate as to be fit for publication, we 

have not learned. 
In thefe various travels fome years were paffed ; and 

Mr Bruce now prepared for the grand expedition, the 
accomplifhment of which had ever been neareft his 

heart, the difeovery of the fources of the Nile. . In the 
profecution of that dangerous obje&, he left Sidon on 

the 15th of June 1768, and arrived at Alexandria on 
the 20th of that month. He proceeded from thence 
to Cairo, where he continued to the 12th of December 

following, when lie embarked on the Nile; and in a ve¬ 
ry extraordinary boat, called a catija, of which lie fays 

the main-fail yard was about 200 feet in length, he fail¬ 

ed up that river as far as Syene, vifiting in the courfe 

of his voyage the ruins of Thebes, and the place where 
Memphis once flood, now known by the name of Me- 

trahenny. Leaving Kenne on the Nile, 16th February 

l 769, he crofted the defert of the Thebaid to Coffeir 
on the Red Sea, and arrived at Jidda on the 3d of May. 
In Arabia Felix he remained, not without making feve- 

ral excurfions, till the 3d of September, when he failed 
from Loheia, and arrived on the 19th at Mafuah, where 
he was detained near two months by the treachery and 
avarice of the Naybe of that place. It was not till the 
15 th of November that he was allowed to quit Arkeeko, 
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near Mafua ; and he arrived on tlie 15th of February hfU 
1770 at Gondar, the capital of Abyffinia, where he 
ingratiated himfelf with the moft confiderable perfons 
of both fexes belonging to the court. This he accom- 
plifhed by being a phyfician in the city, a foldier in the 
field, a courtier everywhere, demeaning himfelf as con- 

feious that he was not unworthy of being a companion 
to the firft of their nobility, and the king’s gueft, which 
is there a character, as nt was with eaftern nations of 
old, to which a certain fort of confideration is due. 
“ To this I may add (fays he), that, being in the prime 
of life, of no ungracious figure, having an accidental 

knack, which is not a trifle, of putting on the drefs, 
and fpeaking the language eafily and gracefully, I cul¬ 

tivated, with the litmoft afliduity, the friendfhip of the 
fair fex, by tlie moft modeft and refpe&ful diftant at- 
tendance and obfequioufnefs in public, abating juft as 

much of that in private as fuited their humours and in¬ 
clination ;” and jealoufy being a paffion unknown in 

Abyffinia, he thus acquired from the ladies great fup- 

port at court. 
Several months were employed in attendance on the 

king, and in an unfuccefsful expedition round the lake 

of Dambea. Towards the end of October Mr Bruce 
fet out for the fources of the Nile ; at which long de¬ 
fied fpot he arrived on the 14th of November; and his 

feelings on the accomplifhment of liis wifties cannot bet¬ 

ter be expreffed than in his own words: 
“It is eafier to guefs than to deferibe the fftuation 

of my mind at that moment ; (landing in that fpot 

which had baffled the genius, induftry, and inquiry, of 
ancients and moderns for the courfe of near 3000 years. 
Kings had attempted this difeovery at the head of ar¬ 

mies, and each expedition was diftinguifhed from the 
laft only by the difference of the numbers which had 
peri filed, and agreed alone in the disappointment which 

had uniformly, and without exception, followed them 

all. Fame, riches, and honour, had been held out for 
a feries of ages to every individual of thofe myriads 
thofe princes commanded, without having produced one 
man capable of gratifying the curiofity of his fovereign, 

or wiping off this (lain upon the enterprife and abilities 
of mankind, or adding this defideratum for the encou¬ 
ragement of geography. Though a mere private Bri¬ 
ton, I triumphed here in my own mind over kings and 

their armies ; and every comparifon was leading nearer 
and nearer to the prefumption, when the place itfelf 

where I flood, the obje& of my vain glory, fuggefted 

what depreffed my fhort-lived triumphs.” 
If thefe triumphs were fhort-lived, they were equally 

ill-founded : for if the fource of the Nde was feen by 
Mr Bruce, there can be no doubt of its having been 

likewife feen by the Portuguefe jefuits. Of this we 
have elfewhere brought forward fufficient proof; and 

the candid reader, who (hall take the trouble to com¬ 
pare the extra£1 printed at the bottom of this page (a), 
with our traveller’s account of thefe coy fountains, as it 

(lands 

(a) “ In the eaftern part of this kingdom, on the declivity of a mountain, whofe defeent is fo eafy that it 

feems a beautiful plain, is that fource of the Nile which has been fought after at fo much expence of labour, and 
about which fuch a variety of conjeftures hath been formed without fuccefs. This fpving, or.rather thefe two 

{brings, are two holes, each about two feet diameter, a {lone’s caff diftant from each other. The one is about 

five feet and an half in depth, at lead we could not get our plummet farther, perhaps becaufe it was flopped by 
roots, 
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Bruce, (lands in his own book or in our article Nile (Encycl.), 

will be convinced that it was ridiculous in Mr Bruce, 
and is equally ridiculous in his friends, to pretend that 
he dij'covered what had baffled the genius of inquiry for 
the courfe of near 3000 years. 

It was not, however, the confcioufnefs of having 
been anticipated by the jefuits (for thefe he without ce¬ 
remony calls a fet of liars), but the profpeX of danger 
to be encountered on his return to Europe, that caft 
fuch a damp on his prefent enjoyment. “ I was but a 
few minutes (faye he) arrived at the fource of the Nile, 
through numberlefs dangers and fufferings, the leaft of 
which would have overwhelmed me, but for the conti¬ 

nual goodtiefs and proteXion of Providence ; I was, 
however, but then half through my journey, and all 
thofe dangers which I had already pafled awaited me 
again on my return. I found a defpondency gaining 
ground fall upon me, which blafted the crown of laurels 
I had too rafhly woven for myfelf.,, 

When he returned to reft the night of that difcovery, 
repofe was fought for in vain. “ Melancholy reflexions 
upon my prefent ftate, the doubtfulnefs of my return in 
fafety, were I permitted to make the attempt, and the 
fears that even this would be refufed, according to the 
rule obferved in Abyfiinia with all travellers who have 
once entered the kingdom ; the confcioufnefs of the 
pain that I was then occafioning to many worthy indi¬ 
viduals, expeXing daily that information concerning my 
fituation which it was not in my power to give them ; 
fome other thoughts, perhaps ftill nearer the heart than 
thofe, crowded upon my mind, and forbade all approach 
of fleep. 

“ I was, at that very moment, in poffefiion of what 
had for many years been the principal objeX of my am¬ 
bition and wiffles; indifference which, from the ufual 
infirmity of human nature, follows, at leaft for a time, 
complete enjoyment, had taken place of it. The marfh, 
and the fountains, upon comparifon with the rife of 
many of our rivers, became now a trifling objeX in my 
fight. I remembered that magnificent fcene in my 
own native country, where the Tweed, Clyde, and An¬ 
nan, rife in one hill ; three rivers I now thought not 
inferior to the Nile in beauty, preferable to it in the 
cultivation of thofe countries through which they flow; 
fuperior, vaftly fuperior, to it in the virtues and qualities 
of the inhabitants, and in the beauty of its flocks, 
crowding its paftures in peace, without fear or violence 
from man or beaft. I had feen the rife of the Rhine 
and Rhone, and the more magnificent fources of the 
»Soane ; I began, in my forrow, to treat the inquiry 
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about the fourcc of the Nile as a violent effort of a dif- 
tempered fancy. 

6 What's Hecuba to him, or he to Hecuba, 
4 That he fhould weep for her?’ 

Grief and defpondency now rolling upon me like a tor¬ 

rent, relaxed, not refreflied, b>y unquiet and imperfeX 
deep, I ftarted from my bed in the utmoft agony; I 

went to the door of my tent, every thing was ftill ; the 
Nile, at whofe head I ftood, was not capable either to 

promote or to interrupt my Oumbers, but the coolnefs 
and ferenity of the night braced my nerves, and chafed 

away thofe phantoms that while in bed had opprefTed 
and tormented me. 

“ It was true that numerous dangers, harddiips, and 
forrows, had befet me through this half of my excur- 
fion ; but it was ftill as true, that another Guide, more 

powerful than my own courage, health, or undemand¬ 
ing, if any of them can be called man's own, had uni¬ 

formly proteXed me in all that tedious half. I found 
my confidence not abated, that ftill the fame Guide was 
able to conduX me to my wiftied-for home. I imme¬ 

diately refumed my former fortitude, confidered the 
Nile as indeed no more than nfing from fprings as all 
other rivers do, but widely differing in this, that it was 
the* palm for 3000 years held out to all the nations of 
the world as a dctur digniffimo, which in my cool hours 

I had thought was worth the attempting at the rifle of 
my life, which I had long either refolved to lofe, or lay 
this difcovery a trophy in which I could have no com¬ 
petitor, for the honour of my country, at the feet of 
my fovereign, whofe fervant I was.” 

How unworthy is this ranting refleXion of the great- 
nefs of mind which Mr Bruce on other occafions un- 
queftionably difplayed ! Had he indeed been the firft 
European who difeovered thofe pitiful holes from which 
the Nile is faid to flow, his merit would not have con¬ 
fided in travelling from Gondar to the village Geefh, 

and viewing the fountains which are at that village the* 
objeXs of idolatrous adoration, but in the addrefs with 

which he contrived to make himfelf the favourite of all 
the faXions which agitated a barbarous and almoft in¬ 
human nation. In managing thofe faXions, he was in¬ 
deed great ; but he feems to have valued himfelf more 
upon looking at three fprings, of which it is far from 
being certain that they are the fources of the Nile (fee 
Nile in this Supply, and of which two had certainly 
been examined more than a century before he was born, 
by different miffionaries from the kingdom of Portu¬ 
gal ! This, however, lie calls the objeX of his wiflies * 

R and 

roots, for the whole place is full of trees : of the other,, which is fomewhat lefs, with a line of ten feet we could 
find no bottom, and were affured by the inhabitants that none ever had been found. It is believed here that 

thefe fprings are the vents of a great fubterraneous lake; and they have this circumftance to favour their coinion 
that the ground is always moift, and fo foft that the water boils up under foot as one walks upon it. Such is 

the ground round about thefe fountains. At a little diftance to the fouth is a village named Quite (the Geefh of 

Mr Bruce), through which the way lies to the top of the mountain, whence the traveller difeovera a vaft extent 
of land, which appears like a deep valley, though the mountain rifes fo imperceptibly, that thofe who <ro uo or 
down ,t are fcarcc fenfihle of any declivity.”—Jolmfon's Tranjlalion of Father Lobe's Voyage to Mm\a Chao X 

The only difference between Lobo’s and Bruce’s account of thefe fountains worthy of noticed, that the for. 
mer found but ttvo, while the latter found three holes ; but Brace fays exprefsly, that the holes are nartlv arn'fi 

veS^ tbCm indiCatC6 thC ** b th-f- iwprobab^thM'thwe3^1^ 

Bruce. 
—v—' 
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and having now accomplished it, he bent his thoughts 

on his return to his native country. 
He arrived at Gondar on the 19th November 1770 ; 

but found, after repeated felicitations, that it was by 
no means an eafy talk to obtain permiffion to quit Abyf- 
fmia. A civil war in the mean time breaking out (no 
uncommon occurrence in that barbarous country), feve- 
ral engagements took place between the king’s forces 
and the troops of the rebels, particularly three a&ions 
at a place called Serbraxos 011 the 19th, 20th, and 23d 
of May 1771- In each of them Mr Bruce a&ed a con- 
iiderable part) and for his valiant conduft in the fecond 
received, as a reward from the king, a chain of gold, of 
184 links, each link weighing 3tt dwts. or fomewhat 
more than 21 lbs. troy in all. At Gondar, after thefe 
engagements, he again preferred the moll earned entrea¬ 

ties to be allowed to return home, entreaties which were 
long refifled ; but his health at laft giving way, from 
the anxiety of his mind, the king confented to his de¬ 
parture, on condition of his engaging by oath (b) to 
return to him in the event of his recovery, with as ma¬ 
ny of his kindred as he could engage to accompany 

him. 
After a refidence of nearly two years in that wretch¬ 

ed country, Mr Bruce left Gondar on the 16th of De¬ 
cember 1771? taking the dangerous way of the defert 
of Nubia, in place of the more eafy road of Mafuah, 
by which he entered Abyffinia. He was induced to 
take this route from his knowledge and former expe¬ 
rience of the cruel and lavage temper of the Naybe of 
Mafuah. Arriving at Teawa the 21ft March 1772, he 
had the misfortune to find the Shekh Fidele of Atbara, 
the counterpart of the Naybe of Mafuah in every bad 
quality : by his intrepidity and prudence, however, and 
by making good ufe of his foreknowledge of an eclipfe 
of the moon, which happened on the 17th of April, he 
was permitted to depart next day, and he arrived at 

Sennaar on the 29th of the fame month. 
Mr Bruce was detained upwards of four months at 

that miferable and inhofpitable place ; the inhabitants of 
which he deferibes in thefe expreffive Words : “War 
and treafon feem to be the only employment of thefe 
horrid people, whom heaven has feparated by almoft 
impaftable deferts from the reft of mankind, confining 
them to an accurfed fpot, feemingly to give them an 
earneft in time of the only other worfe which he has 
jeferved to them for an eternal hereafter.” This delay 
was occafioned by the villany of thofe who had under¬ 

taken to fupply him with money ; but at laft, by dif- 
pofing of 178 links of his gold chain, the well-earned 
trophy of Serbraxos, he was enabled to make prepara¬ 
tion for his dangerous journey through the deferts of 

Nubia. 
He left Sennaar on the 5th of September, and ar¬ 

rived on the 3d of 06lober at Chendi, which he quit¬ 
ted on the 20th, and travelled through the defert of 
Gooz, to which village he came on the 26th of Octo¬ 
ber. On the 9th of November he left Gooz, and en¬ 
tered upon the moft dreadful and dangerous part of his 

journey ; the perils attending which he has related with 
a power of pencil not unworthy of the greateft mailers. 
All his camels having periihed, Mr Bruce was under the 
necefiity of abandoning his baggage in the defert, and 
with the greateft difficulty reached Affouan upon the 

Nile on the 29th of November. 
After fome days reft, having procured freih camels, 

he returned into the defert, and recovered his baggage, 
among which is particularly to be remarked a quadrant 

(of three feet radius) fupplied by Louis XV. from the 
Military Academy at Marfeilles ; by means of which 
noble inftrument, now depofited in the Mufeum at Kin- 
naird, Mr Bruce was enabled with precifion and accu¬ 

racy to fix the relative fituations of the feveral remote 

places he vifited. 
On the 10th of January 1773, after more than four 

years abfence, he arrived at Cairo, where, by his manly 
and generous behaviour, he fo won the heart of Maho¬ 
met Bey, that he obtained a firman, permitting the 
commanders of Englifh veftels belonging to Bombay 
and Bengal to bring their (hips and merchandife to 
Suez, a place far preferable in all refpe&s to Jidda, to 
which they were formerly confined.„ Of this permif- 
fion, which no European nation could ever before ac¬ 

quire, many Engliffi veftels have fince availed them- 
felves ; and it has proved peculiarly ufeful both in pub¬ 
lic and private difpatches. Such was the worthy con- 
clufion of his memorable journey through the defert; a 
journey which, after many hardfhips and dangers, ter¬ 
minated in obtaining this great national benefit. 

At Cairo Mr Bruce’s earthly career had nearly been 
concluded by a diforder in his leg, occafioned by a 
worm in the fiefh. This accident kept him five weeks 
in extreme agony; and his health was not re-eftablifhed 
till a twelvemonth afterwards, at the baths of Porretta 
in Italy. On his return to Europe, Mr Bruce was re¬ 
ceived with all the admiration due to fo exalted a cha¬ 
mber. After puffing fome confiderable time in France, 
particularly at Montbard, with his friend the Comte de 
Buffon, by whom he was received with much hofpita- 
lity, and is mentioned with great applaufe, he at laft re- 

vifited his native country, from which he had been up¬ 

wards of twelve years abfent. 
It was now expe&ed that he would take the earlieft 

opportunity of giving to the world a narrative of his 
travels, in which the public curiofity could not but be 
deeply interefted. But feveral circumftances contribu¬ 
ted to delay the publication ; and what thefe were will 

be beft related in his own words : 
“ My friends at home gave me up for dead ; and as 

my death muft have happened, in circumftances difficult 
to have been proved, my property became as it were a 
hareditas jacens, without an owner, abandoned in com¬ 
mon to thofe whofe original title extended no further 

Bruce. 

than temporary poffeftion. . > , 
« number of law-fuits were the inevitable confe- 

quences of this upon my return. *1 o thefe difagreeable 
avocations, which took up much time, were added others 
ftill more unfortunate. The relentlefs ague, caught at 

Bengazi,, 

(b) With regard to this oath, Mr Bruce fays, that he hopes the difficulty of performing it extinguifhed the 

fin of breaking it; and that, at any rate, it being merely perfonal, his engagement to return ceafed with the 

death of the king, of which he received intelligence during his flay at Sennaar, 
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Bengazi, maintained its ground, at times, for a fpace of 
more than 16 years, though every remedy had been 
ufed,'but in vain ; and what was worfl of all, a linger¬ 
ing dillemper had ferioufly threatened the life of a moll 
near relation (his fecond wife), which, after nine years 
conflant alarm, where every duty bound me to attention 
and attendance, conduced her at laft, in very early life, 
to her grave.” 

A mid ft the anxiety and the diftrefs thus occafioned, 
Mr Bruce was by no means neglectful of his private af¬ 
fairs. He confiderably improved his landed property, 
enclofing and cultivating the wafte grounds, and he high¬ 
ly embellilhed his paternal feat, making many additions 
to the houfe, one in particular of a noble mufeum, filled 
with the mod precious ftores of oriental literature, large 
collections of drawings made, and curious articles ob¬ 
tained, during his far extended peregrinations. An ex¬ 
cellent ftratum of coal at Kinnaird drew much of his at¬ 
tention : he ereCted fleam engines of the molt approved 
conftruCtion, and placed his coalery on fuch a footing 
that, at the period of his deceafe, it produced about 
20001. a-year. 

The termination of fome law-fuits, and of other bufi- 
nefs, which had occupied much of his time, having at 
length afforded leifure to Mr Bruce to put his mate¬ 
rials in order, his greatly defired and long expeCled 

work made its appearance in 1790, in five large quarto 
volumes, embellilhed with plates and charts. It is un- 
neceffary, and might be tedious, to enter at prefent in¬ 
to any critic or analyfis of this celebrated work. It is 
univerfally allowed to be replete with much curious and 
ufeful information ; and to abound in narratives which 
at once excite our admiration and intereft our feelings. 
The very fingular and extraordinary piClure which it 
gives of Abyffinian manners, ftartled the belief of fome; 
but thefe manners, though ftrange in the fight of an 
European, are little more than might be expeCled in 
fuch a barbarous country ; and had an enlightened phi- 
lofopher vifited Scotland in the times of our earlieft mo- 
narchs, he might perhaps have witneffed and related 
fcenes, different indeed from what Mr Bruce faw in 
Abyffinia, but which to us would have feemed equally 
ftrange. 

A more ferious objeClion to the truth of Mr Bruce’s 
narrative was ftarted by an anonymous, but able, cri- 

*Suppofed t-1C *’ m an Edinburgh newfpaper, foon after the pub- 
to be Dr lication, from the account of two aftronomical phe- 
Rotheram, nomena, which could not pojjlbly have happened, as Mr 
profeffor of Bruce afferts. The firil of thefe is the appearance of 

Shtfn’1116 neW m°°n Furfhout’ during Mr Bruce’s flay in 
the univer- P^ace> which he mentions to have been from 25th 
fity of St December 1768 to the 7th of January 1769 ; and on a 
Andrew’s, particular day in that interval afferts, that the new moon 

was feen by a fakir, and was found by the epliemerides 
to be three days old ; whereas it is certain that the 
moon changed on the 8th of January 1769. The other 
phenomenon appears equally impofiible. At Teawa 
Mr Bruce fays he terrified the Shekh by foretelling 
that an eclipfe of the moon was to take place at four 
afternoon of the 17th of April 1772 ; that accordingly, 
foon after that hour, he faw the eclipfe was begun ; and 
when the fhadow was half over, told the Shekh that in 
a little time the moon would be totally darkened. Now, 

by calculation, it is certain that at Teawa this eclipfe 
inuft have begun at 36 minutes paftfour, and the moon 
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have been totally covered at 33 minutes paft five; white Bruce, 
the fun fet there a few minutes paft fix, before which - 1 
time the moon, then in oppofition, could not have ri- 
fen : fo that as the moon rofe totally eclipfed, Mr Bruce 
could not fee the fhadow half over the difk, nor point 

it out to the Shekh. To thefe objedlions, which ap¬ 
pear unfurmountable, Mr Bruce made no reply, though 

in eonverfation he faid he would do it in the fecond edi¬ 
tion of his book. 

Thefe are miftakes which can hardly be accounted 
for by attributing them to the inaccuracy of his notes, 
or indeed to any caufe which we are inclined to name ; 
and perhaps he lias fallen into a miftake of the fame 
kind in his account of the enormous main-fail yard of 
the canja, in which' he failed up the river Nile. To 
every man who has but dipped into the fcience of me¬ 
chanics, it is known that a beam of wood 200 feet in 
length, mull be of proportional thicknefs, or it would 
fall in pieces by its own weight. This thicknefs muff 
be greatly increafed, to enable it to bear the flrain oc¬ 
cafioned by a prodigious fail filled with wind; and thole 
only who have been at the Nile, and have feen the can- 
jas, can fay, whether thefe veffels, or indeed any vef- 

fels which can be employed on that river, would not 
be overfet by yards, 

-To equal which, the talleft pine 
Hewn on Norwegian hills, to be the mad 
Of fome great admiral, were but a wand. 

The language of the work is in general harfh and un- 
polilhed, though fonietimes animated. Too great a 

difplay of vanity runs through the whole, and the ap¬ 
parent facility with which the traveller gained the moft 
familiar accefs to the courts, and even to the harams of 

the fovereigns of the countries through which he paffed, 
is apt to create in readers fome doubts of the accuracy 
of the narration. Yet there appears upon the whole 
fuch an air of manly veracity, and circumftances are 
mentioned with a minutenefs fo unlike deceit, that thefe 
doubts are overcome by the general imprefiion of truth, 
which the whole detail irrefiftibly fallens upon the mind! 

The chara&er of Ras Michael has often ftruck us, as 
containing very ftrong internal evidence of its having 
been taken from nature ; for it is fuch a charadler, at 
once extraordinary and confiftent, as neither Mr Bruce, 
nor perhaps any writer fince Shakefpeare, had genius 
to feign. 

The firft imprefiion of the book being almofl difpo- 
fed of, Mr Bruce had ftipulated with an eminent book- 
feller in London for a fecond edition to be publilhed, 
we think in odlavo ; and he was bufy in preparing that 
edition for the prefs when death removed him from 
this tranfitory ftage. On the 26th of April 1794 he 

entertained fome company at Kinnaird-houfe with his 
ufual hofpitality and elegance. About eight o’clock in 
the evening, when his guefts were ready to depart, he 
was handing one of the ladies down flairs, when, having 
reached the feventh or eighth llep from the bottom, his 
foot flipped, and he fell down headlong. He was taken 

up fpeeclilefs ; his face, particularly the forehead and 
temples, being feverely cut and bruifed, and the bones 

of his hands broken. He continued in a Hate of appa¬ 
rent infenfibility for eight or nine hours, and expired on 
Sunday the 27th, in the 64th year of his age. 

Mr Bruce’s fecond wife, whom he married on the 

R 2 20th 

i 
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Bruce. 20th May 1776, was Mary, elded daughter of Tho- 
-*-' mas Dundas, Efq; of Carron-hall, by Lady Janet Mait¬ 

land, daughter of Charles fixth Earl of Lauderdale. By 
that lady, who, after a fevere and lingering indifpofi- 

tion, died in 1784, he had three children, of whom one 

fon and one daughter furvive him. 
Mr Bruce’s perfon was large, his height exceeding 

fix feet, his bulk being in proportion to his height 5 
and at the period when he entered on his dangerous ex¬ 
pedition, he was equally remarkable for ftrength and 
for agility. To thofe who never beheld him, the en¬ 
graved medallion in the title pages of the firft and third 
volumes of his Travels will convey fome idea of Ins fea¬ 
tures. He excelled in all manly accomplilhments, being 

trained to exercife and fatigue of every kind. He was 
a hardy, pradifed, and indefatigable fwimmer ; and his 
long refidence among the Arabs had given him a more 
than ordinary facility in managing the horfe. In the ufe 

of fire-arms lie was fo unerring, that in innumerable in- 
ftances he never failed to hit the mark ; and his dexte¬ 
rity in handling the fpear and lance on horfeback was 
alfo uncommonly great. He was mafter of moll lan¬ 
guages ; and was fo well (killed in oriental literature, 

that he revifed the Hew Tellament in the Ethiopic, Sa¬ 
maritan, Hebrew, and Syriac, making many ufeful 
notes and remarks on difficult paflages. He had ap¬ 
plied from early youth to mathematics, drawing, and 
aftronomy, and had acquired fome knowledge of phyfic 
and furgery. His memory was aftonilhingly retentive, 
and his mind vigorous. He was dexterous in negocia- 

tion, a mafter of public bufinefs, and animated with the 
warmed zeal for the glory of his king and country. 

Such, at leaft, is his own reprefentation of his charac¬ 
ter ; and though an impartial judge would probably 
make confiderable abatement for the natural bias of a 

drawing his own portrait, yet it cannot be denied, 

Tarfhifh had been controverted by Dr Doig of Stirling, 

he earneftly courted the acquaintance of that eminent 
fcholar. u 

After his return to his own country, he refided moft- 
ly at Kinnaird ; and till he became corpulent, fpent 
much of his time in the various fports of the field, in 
which he engaged with great ardour. Though ftudious 
in youth, and at all times a ftranger to intemperance 

and difiipation, he read but little in his later years; and 
feemed to find his chief pleafure in converfation, efpe- 
cially the converfation of well-informed ladies. In his 
friendfhips he fometimes appeared to be capricious, at¬ 
taching himfelf to men in whofe heads and hearts no 
other perfon could perceive a charm for a mind like his. 

Though in his own dealings he was always juft and ho¬ 
nourable, he was too ready to apprehend unfairnefs in 
others, and to exprefs fucli apprehenfions with undue 
warmth. To ftrangers he was often arrogant, and 
fometimes infolent; but in his own family he was an 
affe&ionate hufband, a kind father, an agreeable enter¬ 

tainer, and to his fervants a mafter perhaps too indul¬ 
gent. In converfation, a3 well as in his writings, he 
embraced every opportunity of exprefting a deep and 
lively fenfe of the care of a fuperintending Providence, 
without which he was convinced that there could be no 
fafety in human ftrength or human forefight. His belief 
of the Chriltian religion refted on the fureft grounds ^ 
and fuch was his veneration for the facred writings, that 
for fome years before his death they feemed to occupy 
all the time which he gave to ftudy. He read no fer- 
mons, however elegant; and diffuaded others from fuch 
reading. “ Read the Bible (faid he), and you will 
foon perceive the emptinefs of the moft applauded fer- 

mons.” 
BUCK-wheat, a fpecies of Polyganum (fee that 

article EncycL), was firft introduced into Europe about 

Bruce, 
Buck# 
wheat, 

that in perfonal accomplilhments Mr Bruce equalled, if the end of the 15th or the beginning of the 16th cen- 

not exceeded, moft of his contemporaries. tury. According to fome botan.fts, who lived at that 
Thus accompliffied, he could not but be eminently period, its native country is the northern parts ot Alia, 

fitted for an attempt fo full of difficulty and danger as whence it was brought to Germany and France, where, 
what he called the difeovery of the fources of the Nile : about the year 1387, it was the common food of the 

no one'who perufes his account of the expedition, can poor, 
fail to pay an unfeigned tribute of admiration to his 
intrepidity, manlinefs, and uncommon dexterity, in ex¬ 
tricating himfelf out of fituations the moft dangerous 
and alarming, in the courfe of his long and hazardous 
journey ; not to mention his condu& during his refi¬ 
dence in Abyfiinia, his behaviour at Mafuah, Teawa, 
and Sennaar, evinces the uncommon vigour of his mind : 

but it was chiefly during his paffage through the Nu¬ 
bian defert, that his fortitude, courage, and prudence, 
appeared to the greateft advantage. Of his learning 
and fagacity, his delineation of the courfe of Solomon’s 
fleet from Tarfhifli to Ophir, his account of the caufe 
of the inundations of the Nile, and his comprehenfive 
view of the Abyffinian hiftory, afford ample proofs. It 
muft indeed be confeffed, that in his account of the in¬ 
undations of the Nile, as well as in his delineation of 
the courfe of Solomon’s fleet, he has not the merit of 
originality ; but on both thefe occafions he has ftated 
the hypothelis which he maintains with greater clear- 
uefs, and fupported it with more plaufible arguments, 
than any other author whofe writings have fallen into 
our hands ; and it was furely to his honour, that as foon 
as he learned that his hypothefis refpe&ing Ophir and 

A new fpecies of this grain, or, to fpeak perhaps 
more properly, a variety of this fpecies, has been for 
fome time known under the name of Siberian buck¬ 
wheat, which appears to have confiderable advantages- 

over the former. It was fent from Tartary to St Pe- 
terfburgh by the German botanifts, who travelled thro’ 
that country in the beginning of the prefent century; 
and it has thence been difperfed over all Europe. Lin¬ 

naeus received the firft feeds of it in 1737 from Garber 
the botanift, and deferibed the plant in his Hortus CBf- 
fertiojius. After this it was mentioned by Ammann in. 
1739 : but it muft have been earlier known in Germa¬ 
ny ; for in 1733 it was growing in the garden of Dr 
Ehrhart at Memmingen. In Siberia this plant fows it- 

felf for four or five years by the grains that drop ; but 
at the end of that period the land becomes fo full of 
tares that it is choked, and muft be fown afrefh. Even 
in the economical gardens of Germany, it is propagated 
in the fame manner; and in that country it is in fome 
places found growing wild, though it is nowhere culti¬ 

vated in the neighbourhood. It is not, however, indi¬ 
genous, otherwife Ehrhart might have railed it from 

German feed, which it feems he could not find in 1733# 
See 
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Bttlam. See much curious information concerning this plant in 

—■ profefTor Beckmann’s Hi/lory cf Inventions and DJeo* 

veries. 
BULAM, or Bulama, as it is more ufually called, 

forms part of the Archipelago, or duller of i(lands, ly¬ 
ing on the weilern or windward coail of Africa, and 
khown by the name of the Bijfaos or Btffagos, which 
are fuppofed to have been celebrated by the ancients 
under the appellation of the Hefperides. It is fituated 
at the mouth of the Rio Grande, in u°N. Lat. and 
150 W. Long, from the meridian of London; and is 

between feventeen and eighteen leagues long, and from 

four to five broad. 
This ifland has become an interefting object to the 

inhabitants of Great Britain, in confequence of its ha¬ 
ving been purchafed in the year 1792 by a foeiety infti- 
tuted for the fame liumane purpofes with thofe which 
gave rife to the Sierra-Leona company (fee Sierra- 

Leona, Encycl.) The Bulam aflociation was formed 
towards the latter end of the year 1791; and they were 
induced to pitch upon that ifland as the moft eligible 
tra6l for their intended colony, in confequence of the 
flattering defcription given of its climate, foil, and har¬ 
bours, by M. Brue, formerly diredor-general of the 
French African companies. 

The gentlemen originally appointed as truflees for 
managing the concerns of the affociation at home were, 

Paul Le Mefurier, M. P. ; James Kirkpatrick, Efq; 
George Hartwell, Efq; Mofes Ximenes, Efq; Sir John 
Riggs Miller, Bart, and David Scott, Efq. M. P.; and 
for eflablifhing the colony, and conducing the affairs 
of the foeiety abroad, the following gentlemen were no¬ 
minated, viz. Mejfrs H. H. Dalrymple, John Toung, Sir 

William Halt on, Bart. John King, Philip Beaver, Peter 
Clutterbuck, Nicholas Bayly, Francis Brodie, Charles 

Drake, John Paiba, Richard Hancorne, Robert Dobbins, 
and Ifaac Ximenes. 

A fum of L. 9000 being quickly fubferibed for the 
eflablifhment of the intended colony, this committee 
failed from Spithead in three fhips on the 1 lth of April 
1792 ; and landing in due time at Bulama, they pur¬ 
chafed that ifland from the kings of Canabac, who 
claimed it as their property. They purchafed likewife 
from the kings of Ghinala the neighbouring ifland Ar¬ 
eas, and the adjacent land on the continent ; and thefe 
feveral purchafes being taken pofTefTion of in the ufual 
form, a body of fcttlers, confiding of 49 men, 13 wo¬ 
men, and 25 children, were left at Bulama under the 
fuperintendence of Mr Beaver, with a temporary fup- 
ply of provisions, flores, plantation-tools, and merchan- 
dife, for trading with the neighbouring natives. It is 
from the difpatches of thefe fettlers, after having lived 
fome time in Bulama, that the following account of 
the ifland was drawn up by Mr Johanfen. 

“ The climate, on the whole, may be deemed falu- 
brious, and will become more fo in proportion to the 

increafe of cultivation. The mornings and evenings are 
temperate and pleafant; the middle of the day is hot, 
but the fine fea breeze which then fets in tends greatly 
to cool and refrefh the air. The heat of the fun is not 
either fo exceflive or intolerable as has been generally 
fuppofed : indeed nature has mod admirably adapted 
our mechanical and phyfical qualities to the exigencies 
of different regions ; and man, who is the inhabitant of 

every climate, may, in fome meafure, render himfelf in- 
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digenous to every foil. Here the only danger arifes 
from too fudden an expofure to the operation of the 
vertical rays of the fun, or an excels of labour ; both of 
which the firfl fettlers ought mod dudioufly to avoid. 

4< It appears from Mr Beaver’s obfervations at noon, 
between the 20th of July 1792, and the 28th of April 
1793, that the thermometer, when lowed, was at 74 ; 
the medium heat 83 ; and that it never exceeded 96, 
except at one time when it rofe to ico, during a calm 
that occurred in the interval between the north-eail 
breeze in the morning and the fouth-wed in the even¬ 
ing of the 19th of February 1793. The difference be¬ 
tween the heat of noon and that of the morning and 
evening is from 20 to 50 degrees. On the 23d of Oc¬ 
tober 1792, hail of the iize of a pin’s head fell during 
two minutes, although not a cloud was to be feen du¬ 
ring this phenomenon. The mercury in the thermo¬ 

meter then dood at 85 ; the wind was at north-ead iu 
the morning and fouth-wed in the evening. 

“ Immediately after fun-fet a dew conilantly begins 
to fall, which induces fome to light a lire in their 
houfes ; they at the fame time put on warmer cloth¬ 
ing. There is little or no twilight; and night and day 
are nearly equal : the earth has therefore time to cool 
during twelve hours abfenee of the fun. 

“ None of thofe terrible and deltru&ive hurricanes fo 
frequently experienced in the Wed Indies are to be 
met with here. The tornadoes, which arife chiefly from 
the eadern point of the compafs, are but of fhort dura¬ 
tion, feldom lading above an hour, and may be readily 

forefeen fome time previously to their commencement* 
They occur at the beginning and clofe of the wet fea- 
fou, and are highly beneficial, as they purify the air, 

and difpel the noxious vapours with which it would 
otherwife abound. 

“ The rains fet in about the latter end of May or 
the beginning of June, and difeontinue in Q&ober or 
November. They do not fall every day, for there is 
often a confiderable interval of clear weather, during 

which the atmofphere is beautifully ferene ; the (bowers 
in the fird and lad month occur but feldom, and are 
far from being violent ; while, on the other hand, they 
fometimes refemble torrents, more efpecially towards the 
middle of the feafon. During the whole of this period, 

Europeans (hould, if pofiible, confine themfelves to 
their habitations, as the rains prove injurious to health, 
more efpecially if thofe expofed to them negleft to wipe 
their bodies dry, and to change their clothes immedi¬ 
ately on their return home. It is deemed prudent alfa 
not to dig the earth until the expiration of a month af¬ 
ter the return of fair weather, as this is confid^red to 
be unhealthy. 

“ During the continuance of the dry feafon, a dew 
falls during the night, in fufficient quantity to anfwer 
all the purpofes of vegetation. 

“ Every Granger «s generally here, as well as in the 
Weft Indies, fubjedt to a fever or feafoning on his ar¬ 

rival. This is not infectious 5. it proceeds perhaps front 
an l’ncreafed perfpiration and a fudden extenfion of the 

pores of the human body, in confequence of the heat 
by which means it is rendered more liable to imbibe 

the abundant exhalations that arife from the animal, ve¬ 
getable, and mineral kingdoms; but even this, flight a3 
it is, might doubtlefs be avoided by means of a proper 

regimen, and a ihort feclufion from the full adion of 

the 

Bulam. 
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Bulatr. the open air, more efpecially at noon, and during the 

evening, until the climate has been rendered familiar. 
“ Bulama is admirably adapted for all the purpofes 

of an extenfive commerce, being not only happily fitu- 
ated at the mouth of the Rio Grande, but in tlie vici¬ 
nity of feveral other navigable rivers ; fo that a trade 
with the internal parts of Africa is thereby greatly fa¬ 
cilitated. The landing is remarkably eafy and fafe, there 
Being no furge ; the ebb and flow is regular, and there 
is an increafe of 16 feet of water at fpring tide. The 
Bay oppofite the Great Bulama is adorned with a num¬ 
ber of iflands, covered with trees, and forms a moil ex¬ 
cellent harbour, fufliciently capacious to contain the 
whole navy of Great Britain, which might ride there 
in fafety. The fettlement in general is well fupplied 
with water. A number of fprings have been lately dif- 
covered in different places; and befides a draw-well in 
the fort, which was eredted for the defence of the 
colony, there is a fmall ftream, which runs into E- 
lewfis Bay, near the new fettlement called Hefper 
Elewfis: this is admirably fituated for the fupply of 
(hipping. 

“ The ifland is beautifully furrounded, and interfper- 

fed with woods : lofty fruit and foreft trees, moftly free 
from underwood and brambles, form a verdant belt, in 
fome places two or three miles broad, which entirely 
encircles it, in fuch a manner as to reprefent a planta¬ 
tion artificially formed around a park. Within this 
the fields are regularly divided by trees, fo as to refem- 
ble the hedge-rows in England. The beach has in fome 
places the appearance of gravel walks; it is fringed 
with mangrove trees, which forming a line with the 
high-water mark, dip their branches into the (ea, and 

thus afford nourifhment to the oyfters that often adhere 

to their extremities. 
*1 Several parts of Bulama have been occafionally cul¬ 

tivated by the neighbouring blacks, though they did 

not conftantly refide on it. 
£< The land in general rifes gradually towards the 

middle of the ifland, where the highcft fpot is from 6o 
to ioo feet above the level of the fea. The fmall hill 
on which the fort is fituated is nearly of the fame alti¬ 

tude. 
“ The foil is abundantly rich and deep ; (tones do 

not here impede the labours of the farmer; and indeed 
none have hitherto been difcovered, but a fmall fort, 
refembling pieces of ore, which are to be met with on 

the fhore. There are many javantiahs or natural mea¬ 
dows, fo extenfive that the eye can fcarcely defcry their 
boundaries. Thefe are admirably adapted for the rear¬ 
ing of (lock and feeding of cattle of every kind. 

“ Cotton, indigo, rice, and coffee, grow fpontane- 
oufly on this coaft ; the fugar-cane is indigenous to 
many parts of Africa, and might be cultivated here by 
the labour of freemen, in equal perfection, and to much 
greater advantage, than in the exhaufted iflands of the 
Weft Indies. All kinds of tropical productions, fuch 
as pine-apples, limes, oranges, grapes, plums, caflada, 
guava, Indian wheat, the papaw, water-melon, mu(k- 
melon, the pumpkin, tamarind, banana, and numbers of 
other delicious fruits, alfo flourifh here. The adjoin¬ 
ing territories produce many valuable forts of fpices, 

gums, and materials for dyeing : all of which it is but Bulam. 
fair to fuppofe, might be readily cultivated in a kindred 
climate and a congenial foil. 

“ The neighbouring feas abound with a variety of 
fifli, highly agreeable to the palate. The lion, tyger, 
jackall, &c. are natives of the continent ; but in Bula¬ 
ma no animals have been difcovered, the wolf, Tome buf¬ 
faloes, a few elephants, and a fpecies of the deer, ex¬ 
cepted. 

£< The woods abound with doves, guinea-fowls, and 
a variety of birds, celebrated for the beauty of their 
plumage. 

“ The natives of this part of Africa, like all favages, 
are entirely under the dominion of their pafiions : hence 
the violence of their attachment to their friends, and 
the excels of their refentment againft their enemies. 
Their notions of property are very obfcure and confu- 
fed : they have no idea of any right arifing from occu¬ 
pancy or improvement. What they want, they either 
receive or take wherever they may happen to meet with 
it, and they permit others to do the fame. They have 
been taught by experience that the Europeans will not 
agree to this: againft them therefore they employ 
every artifice that it is in the power of cunning to fug- 

geft- 
“ The colonifts need not fear any attack on the part 

of the negroes, provided their own conduCt be juft and 
peaceable : for Mr Beaver, who was indeed admirably 
calculated by nature and habit for the ftation he occu¬ 
pied, could enfure both fafety and refpedt when the fet- 
tlers under him were reduced to four white men, al¬ 
though the neighbouring nations knew that he was in 
pofleflion of commodities, for the acquifition of which 
many of them had become day-labourers. He often 
kept from twenty to forty gromittos, or black cultiva¬ 
tors in pay, at that very period, at about four or five 
bars (a) each per month. Thefe are eafy to be procu¬ 
red, to almoft any number that can pofiibly be wanted. 

“ Until a fufficient quantity of (lock and provifions 
can be raifed in the company’s fettlements, the adjacent 
iflands will furnifli abundance of cattle, hogs, fowls, &c. 

' at a very cheap rate. A horfe may be purchafed at 
Goree for il. ios. a bullock may be had from 12 s. to 
18 s. fterling : provifions of all kinds are equally reafon- 
able. Honey is alfo to be procured in great plenty, 
and bees*wax may be rendered an advantageous objedt 
of commercial fpeculation. 

“ In (hort, the acquifition of Bulama, Areas, and 
the adjacent territories, prefents the faired opportunity 
of furnifhing Europe with many valuable articles that 
have hitherto been brought from more remote coun¬ 
tries, with much greater hazard, and at an increafed 
expence. The intercourfe with England is eafy, fafe, 

and expeditious ; for the voyage may be performed in 
the fpace of three or four weeks : and by the terms of 
the firft fubfeription, a fettler on Bulama might pur- 
chafe 5CO acres of land for L. 30 Sterling ; by the terms 
of the fecond, which we fuppofe are the terms at pre- 
fent, he might purcliafe on the iflands of Bulama and 
Areas, or on that part of the adjacent ccmft which was 
ceded to the focietyby the kings of Ghinala, 200 acres 

for L. co fterling. 
“ The 

(a) A bar is about the value of three (hillings and fixpence. 
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Bunt’ng. “ The colonization of Africa opens a noble and ex- 
—~v- tenlive field to nations and to individuals. To people 

thofe fertile territories, defpoiled of their inhabitants by 
the (lave-trade ; to rear the produdlions of the climes 
between the tropics, by the afiiftance of free men ; to 
give ample fcope to the induftry and exertions of thofe 
who may be inclined to remove from Great Britain ; 
and to extend the commerce and the manufactures of 
our native country—thefe are fubjeCts which have ex¬ 
cited the attention of the Bulama affociation, and now 
claim the afiiftance of the ingenious, the fupport of the 
rich, and the concurrence and good vvifhes of all.55 

BUNTING, is a bird which has been defcribed un¬ 
der its generic name Emberiza (Encycl.) ; but there 
is one fpecies, the orangeJlwuldered bunting of Latham, 
of which M. Vaillant relates fome particulars certainly 
not unworthy of notice in this place. 

c< The female of this beautiful bird (fays he) has the 
fimple colours of the fky-lark, and a ftiort horizontal 
tail, like that of almoft all other birds : the male, on 
the contrary, is wholly black except at the fhoulder of 
the wing, where there is a large red patch ; and his tail 
is long, ample, and vertical, like that of the common 
cock. But this brilliant plumage and fine vertical tail 
fubfift only during the feafon of love, which continues 
fix months. This period over, he lays afide his fplendid 
habiliments, and affumes the more modeft drefs of his 
mate. The raoft extraordinary circumftance is, that the 
vertical tail alfo changes to a horizontal one, and the 

male fo exa&ly refembles the female, that it is not pof- 
fible to diftinguifh them from each other. 

“ The female has her turn. When fhe reaches a cer¬ 
tain age, and has loft the faculty of propagating the 
fpecies, fhe clothes herfelf for the remainder of her days 
in the garb which the male had temporarily affumed ; 
her tail, like" his at that period, grows long, and, like 
his alfo, from horizontal becomes vertical. 

“ The birds of this fpecies aflociate together, live in 
a fort of republic, and build their nefts near to each 

other. The fociety ufually confifts of about fourfcore 
females; but, whether by a particular law of nature, 
more females are produced than males, or for any other 
reafon of which I am ignorant, there are never more 
than twelve or fifteen males to this number of females, 
who have them in common.” 

According to our author, this tranfmutation is by 
no means confined to this particular fpecies of bunting. 
Many females of the feathered creation, when they 
grow fo old as to ceafe laying eggs, affume the more 
fplendid colours of the male, which they retain during 
the remainder of their lives. This faSl is ftrikingly per¬ 
ceptible in thofe fpecies in which the male and female 
very much differ in colour, as the golden pheafant of 
China, for inllance. In fome fpecies, and thofe not a 
few, the male alone regularly changes his colour, and 
affumes once in a year the plumage of the female; fo 
that at a certain period all the birds of that fpecies ap¬ 
pear females. “ I have in my poffefiion (fays our au¬ 
thor) fpecimens of more than fifty of thofe changing 
fpecies, in all their tranfitions from one hue to another ; 
and the change is fometimes fo great, that a perfoii- 
would fuppofe himfelf to fee individuals totally diffe¬ 
rent. A clofet-naturalift, for rnftanee, fhewed me four 
birds as fo many different fpecies, and even as not be¬ 

longing to the fame genus, with which I was well ac- 
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quainted, and which I knew to be the fame bird, only 
of different ages.” 

Such changes as thefe, could they be proved to take 
place occafionally among domeftic fowls, would in fome 
meafure account for ftrange ftories of cocks laying eggs, 

which we have heard related by perfons whofe general 
veracity was never queftioned. 

BURKE (Edmund), was born in the city of Dub¬ 
lin on the ift of January 1730. His father was an at¬ 

torney of confiderable knowledge in his profeflion, and 
of extenfivc pra&ice; and the family from which he 
fprung was ancient and honourable. He received the 
rudiments of his claflical education under Abraham 
Shackleton, a Quaker, who kept a private fchool or 
academy, as it has been called, at Bellytore, near Car- 
low, and is faid to have been a very fkilful and fuccefs- 
ful teacher. 

Under the tuition of this mailer, Burke devoted him¬ 
felf with great ardour, induftry, and perfeverance, to 
his ftudies; and manifefted, even from his boyifh days, 

a diftinguifiied fuperiority over his contemporaries. He 
was the pride of his preceptor, who prognofticated eve¬ 
ry thing great from his genius, and who was, in return, 
treated by his illuftrious pupil, for forty years, with re- 
fpe6t and gratitude. 

From fchool Burke was fent to Trinity-college, Dub¬ 
lin, where it was afferted by Goldfmith and others his 

contemporaries, that he difplayed no particular eminence 
in the performance of his exercifes. Like Swift, he 
defpifed the logic of the fchools ; and like him too, he 

devoted his time and his talents to more ufeful purfuits. 
Johnfon, though proud of being an Oxonian, did not 

much employ himfelf in academical exercifes ; and Dry- 
den and Milton, who ftudied at Cambridge, were nei¬ 
ther of them ambitious of college diftin&ions. Let 
not, however, the example of a Burke, a Johnfon, a 
Dryden, or a Milton, feduce into by-paths the ordina¬ 
ry ftudent ; for though great genius either finds or 
makes its own way, common minds mull be content to 

purfue the beaten track. Shakefpeare, with very little 
learning, was the greateft dramatic poet that ever wrote; 
but how. abfurd would it be to infer from this fa61, that 
every illiterate man may excel in dramatic poetry ? 

. Whilft at college Burke applied himfelf with fuffi- 
cient diligence to thofe branches of mathematical and 
phyfical fcience which are moft fubfervient to the purpo¬ 
ses of life .; and though he negle6ted the fyllogiftic lo¬ 
gic of Ariftotle, he cultivated the method of indu&ion 
pointed out by Bacon. Pneumatology, likewife, and 
ethics, occupied a confiderable portion of his attention v 
and whilft attending to the acquifition of knowledge] 
he did not negle6l the means of communicating it. He* 
ftudied rhetoric and the art of compofition, as well as 
logic, phyfics, hiftory, and moral philofophy ; and had 
at an early period of his life, fays Dr Biffet, planned a 

confutation of the metaphyfical theories of Berkeley 
and Hume.. y 

•For fuch a talk as this, we do not think that nature 
intended him. Through the ever-a&ive mind of Burke 
ideas feem to have flowed with too great rapidity to 

permit him to give that patient attention to minute di- 
ftindions, without which it is vain to attempt a confu¬ 
tation of the fubtleties of Berkeley and Hume. The 

ableft antagonift of thefe two philofophers was remark¬ 
able for patient thinking, and even apparent flownels of 

* apprehenfion y 
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apprehenfion ; and we have not a doubt, but that if he 
had poffeffed the rapidity of thought which charade- 
rifed Burke, his confutation of Hume and Berkeley 
would have been far from conclufive. It might have 
been equal to the Fffuy on the Nature and Immutability 
of Truth, but would not have been what we find it in 
*The Inquiry into the Human Mind on the Principles of 
Common Safe, and in The EJfays on the IntelleSual and 

Si dive Powers of Man. 
A talk much better fuited to Burke’s talents than 

the writing of metaphyfical difquifitions on the fubllra- 
tum of body, prefen ted itfelf to him in the year 1749, 
and a talk which was like wife more immediately ufeful. 
At that period one Lucas, a democratic apothecary, 
wrote a number of very daring papers againil govern¬ 
ment, and acquired by them as great popularity at Dub¬ 
lin as Mr Wilkes afterwards obtained by his North 
Briton in London. Burke, though a boy, perceived, 

almoft intuitively, the pernicious tendency of fuch le¬ 
velling do&rines, and refolved to counteract it. He 
wrote feveral effays in the ftyle of Lucas, imitating it 
fo exadly as tp deceive the public ; purfuing his prin¬ 
ciples to confequences neceffarily refulting from them, 
and file wing at the fame time their abfurdity and their 
danger. Thus was his firft literary effort, like his laft, 

calculated to guard his country againil anarchical inno¬ 

vations 
Whilff employed in treafuring up knowledge, which 

at a future period was to command the admiration of 
liftening fenates, he did not negled the means neceffary 
to render himfelf agreeable in the varied intercourfe of 
private life. To the learning of a fcholar he added the 
manners of a gentleman. His company was fought 
among the gay and the falhionable, for his pleafing con- 
verfation and eafy deportment; as much as among the 

learned, for the force and brilliancy of his genius, and 
the extent and depth of his knowledge. But though 
the objeCt of very general regard in his native country, 
he had hardly any profpeCt of obtaining in it an inde¬ 
pendent fettlement. He therefore applied, fome time 
after the publication of his letters expofing the doCtrines 
of Lucas, for the profefforlhip of logic, which had then 
become vacant in the univerfity of Glafgow : but whe¬ 
ther that application was made too late, or that the uni¬ 
verfity was unwilling to receive a ftranger, certain it is 
that the vacant chair was filled by another, and that 
Burke was difappointed of an office in which he was 
eminently qualified to excel. For many years very little 
attention has been paid in the univerfities of Scotland, 
perhaps even too little, to the Ariflotelian logic ; and 
the profeffors, inflead of employing their time in the 

analyfing of fyllogifms, deliver lectures on rhetoric and 
the principles of compofition—lectures which no man 
was more capable of giving than the unfuccefsful can¬ 
didate for the profefforfhip in Glafgow. 

Difappointment of early views has frequently been 
the means of future advancement. Had Johnfon be¬ 
come mailer of the Staffordllure fchool, talents might 
have been confumed in the tuition of boys which Pro¬ 
vidence formed for the inftruClion of men ; and had 
Burke obtained the profefforfhip of logic in Glafgow, 
he would have been the mofl eloquent lecturer in that 
univerfity, inflead of the mofl brilliant fpeaker in the 
Britifh fenat£ : but whether his talents might not have 
been as ufefully employed in the univerfity as in the fe- 

nate, may perhaps be a queflion, though there can be no Burke, 

queflion whether they would have invefled himfelf with 
an equal blaze of fplendour. 

Difappointed in Glafgow, he went to London, where 
he immediately entered himfelf of the Temple ; and a3 
there is reafon to believe that he was in ftraitened cir- 
cumftances, he fubmitted to the drudgery of regularly 
writing for daily, weekly, and monthly publications, 
effays on general literature and particular politics. The 
profits arifing from fuch writings were at firft fmall ; 
but they were fo neceffary to their author, that the in- 
tenfe application which they required gradually impair¬ 
ed his health, till at lafl a dangerous illnefs enfued, 
when he reforted for medical advice to Dr Nugent, a 
phyfician whofe {kill in his profeffion was equalled only 
by the benevolence of his heart. The DoCtor, conflder- 
ing that the noife, and various diflurbances incidental to 
chambers, muff retard the recovery of his patient, fur- 
nifhed him with apartments in his own houfe, where 
the attention of every member of the family contribu¬ 
ted more than medicines to the reftoration of his health. 
It was during this period that the amiable manners of 
Mifs Nugent, the DoCtor’s daughter, made a deep im- 

preffion on the heart of Burke ; and as fhe could not 
be infenfible to fuch merit as his, they felt for each 
other a mutual attachment, and were married foon after 

his recovery. 
Hitherto his mental powers and acquirements were 

known in their full extent only to his friends and more 
intimate companions ; but they were now made public 
in his firft acknowledged work, intitled, A Vindication 

of Natural Society. The objeCt of this performance was 
to expofe the dangerous tendency of Lord Bolingbroke’s 
philofophy. By the admirers of that nobleman, his 
principles were deemed inimical only to revealed reli¬ 
gion and national churches, which they would have 
been glad to fee overturned, provided our civil eftablilh- 
ment had been preferved; and to the civil eftablifhment 
they perceived no danger in the writings of the author 
of The Patriot King. Mr Burke thought very diffe- 
rentlv ; and endeavoured to convince them, that if his 
Lordfh-ip-s philofophy fhouid become general, it would 
ultimately deftroy their rank, their eonfequence, and 
their property, and involve the church and Hate in one 
common ruin. In his ironical attack upon artificial 
fociety, he makes ufe of the fame common place mode 
of unfair reafoning which his noble antagonifl had em¬ 
ployed againil religion and religious eftablifhments. He 
argues, from the incidental abufes of political fociety, 
that political fociety muff itfelf be evil ; he goes over 
every form of civil polity, pointing out its defeCts in 
the moil forcible language; and, in perfect imitation of 
the fceptical philofophy, he pulls them all down, one 
after another, without ptopofing any thing in their 
Head. So complete is the irony, that to many not ac¬ 
quainted with fuch difquifitions, he would appear to be 
feriouily inveighing againil civil government ; and we 
have a&ually heard fome of the advocates for modern 
innovation mention this work as a proof how different 
Mr Burke’s opinions in politics once were from what 
they appear to have been when he wrote his Rejledions 

on thi French Revolution. 
The truth, however, is, that there is no inconfiftency 

between The Vindication of Natural Society and the la- 

tell publications of its illuftrious author. At the pe¬ 
riod 
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riod when that work was publiftied, infidelity had in- 
felled only the higher orders of men, and fuch of the 
lower as had got the rudiments of a liberal education. 

Qf thefe we believe a fingle individual was not then to 
be found, who fuppofed that fociety could fubfift both 
without government and without religion ; and there¬ 
fore while they laboured to overturn the church, and 
to prove that Chriftianity itfelf is an impofture, they 
all pretended to be zealoufly attached to our civil go¬ 
vernment as eftablifhed in king, lords, and commons. 
Except the clergy of the eftablifhed church, there was 
no order of men whom they indifcriminately reviled. 
Hence it was that not Burke only, but Warburton, 
and almoft every other opponent of Lord Bolingbroke, 
began their defences of revelation, by fiiewing the in- 

diffoluble connexion between our civil and ecclefiaftical 
eftablifhments; and -all the difference was, that he did, 
through the medium of the mofl refined irony, the very 
fame thing which they had done by ferious reafoning. 

Soon after his Vindication of Natural Society, Burke 
publifhed A Philofophical Enquiry into the Origin of our 
Ideas of the Sublime and Beautiful; a work which foon 

made its author univerfally known and admired, and 
which has been ftudied by every Englifh reader of tafte. 
It is therefore needlefs for us to hazard any opinion 
either of its general merit or its particular defedls. In 
one of the literary journals of that day, Mr Murphy 

urged obje&ions againft fome of its fundamental prin¬ 
ciples, which, in our opinion, it would be very difficult 
to anfwer ; whilft Johnfon, who was certainly a fevere 

judge, confidered it as a model of philofophical criti- 
cifm.. “ We have (faid he) an example of true criti¬ 
cism in Burke’s Effay on the Sublime and Beautiful. 
There is no great merit in fhewing how many plays 

have ghofts in them, or how this ghoft is better than 
that ; you muff fhew how terror is impreffed on the 
mind.” 

In confequence of this manifeftation of Burke’s in- 
telle&ual powers, his acquaintance was courted by men 
of dift.ingui filed talents, and, among others, by Johnfon 
and Sir Jo.fhua Reynolds. The literary club which lias 
been mentioned (Encycl.) in the life of Johnson, was 
inftituted for their entertainment and inflru&ion, and 
confifled at firfl of Johnfon, Burke, Reynolds, Gold- 
fmith, .Dr Nugent, Mr Topliam, Beauclerk, Sir John 
Hawkins, Mr Chamier, and Mr Bennet Langton, who 
were all men of letters and general information, though 
far above the reft flood Burke and Johnfon. Of Burke 

indeed Johnfon declared, upon all occafions, that he was 
the greateft man living; whilft Burke, on a very folemn 
occafion, faid of Johnfon, “ He has made a chafm, 
which not only nothing can fill up, but which nothing 
has a tendency to fill up. Johnfon is dead. Let us 
go to the next beft—There is nobody—No man can be 
faid to put you in mind of Johnfon.” Nor was the 
opinion which thefe two illullrious men held of each 

other’s powers peculiar to themfelves alone : all the 
members of the club obferved, that in colloquial talents 
they were nearly matched, and that Johnfon never dif- 
courfed with fuch animation and energy as when his 
powers were called forth by thofe of Burke. 

Some years before the inftitution of this club, Burke, 
who had devoted much of his time to the fludy of hi- 
ilory and politics, propofed to Mr Dodfiey, an eminent 

bookfeller, a plan of an Annual Register of the ci- 
SuppL. Vol. I. Part I. 
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vil, political, and literary tranfadlions of the times; and 

the propofal being acceded to, the work was begun and 
carried on for many years, either by Burke himfelf, or 

under his immediate infpeaion. It bears indeed inter¬ 
nal marks of his genius, his learning, and his candour, 

being by much the moil elegant and impartial periodi¬ 
cal hiftory which has perhaps appeared in any age or 
nation. Even when the heat of oppofition made him, 
in his fpeeches, fometimes mifreprefent the condud of 
admimftration, the Annual Regifter, under his manage¬ 
ment, continued to render juftice to. all parties. 

He flill continued to write occafionally political ef- 
fays for other publications than the Annual Reo-ifter ; 
and fome of thefe effays in the Public Advertifer having 
attraded the notice of the Marquis of Rockingham, 

that nobleman fought the acquaintance of their author? 
It was in the year 1765 that the firfl interview took 

place between them; and the Marquis, who was then 
at the head of the treafury, offering to make Burke his 
own fecretary, the offer was readily accepted. On this 

occafion he gave a remarkable proof of difintereflednefs 
and delicate integrity. Through the influence of Mr 

Hamilton, known by the appellation of Single Speech 
Hamilton, and long fufpe&ed to be the author of Ju~ 
nius s Letters, lie had fome time before obtained a pen- 
fion of L.300 a-year on the Irifii eftablifhmeiit; but 
this penfion he now thought it incumbent upon him to 
reiign, becaufe he had conne&ed himfelf with a party 
oppofite in many things to the party whofe meafures 
were fupported by his friend. 

During the Rockingham adminfftration lie was cho- 
fen member of Parliament for the borough of Wendover 
in the county of Bucks; and he prepared himfelf for 
becoming a public fpeaker, by ftudying, ftill more clofe- 
ly than he had yet done, hiftory, poetry, and philofo- 
phy ; and by floring his mind with fads, images, rea- 

ionings, and fentiments. He paid great attention lik$- 
wiie to parliamentary.ufage ; and was at much pains to 
become acquainted with old records, patents, and pre¬ 
cedents, fo as to render himfelf complete mafter of the 

bufinefs of office. That he might communicate with- 4 
out embarrafTment the knowledge which he had thus 
laborioufly acquired, he frequented, with many other 
men of eminence, the Robin Plood Society, where he 
pradifed the replies and contentions, of eloquence ; and 
to acquire a graceful a&ion, with the proper manage- 
ment.of his voice, he was a very diligent obferver of 
Garrick in Drury-Lane theatre. He procured his feat 
in 1765, and in the enfuing feffion delivered his maiden 
fpeech ; which was fuch a difplay of eloquence as ex¬ 
cited the admiration of the Houfe, and drew very high 
praife from its m^ft diftinguifhed member Mr Pitt af- 
terwards Earl of Chatham. * 

The principal objects which engaged the attention 
ot the Rockingham adminillration were the ferments 
m America, which was then in a ftate little Ihort of re¬ 
bellion, on account of die famous ftamp-afl. Parlia 

W^diXided^ 0pil"'0n refPea'nff that meafure" 
Wh.lft Mr Grenville and his party (under whofe au- 
fpices the ftamp-aft had palTed into a law) were for 

enforcing obedience to it by coercive meafures, Mr Pitt 

and his followers denied that the parliament of Great 
Britain had a right to tax the Americans; and the mar- 

quis of Rockingham, who was hardly able to carry any 

meafure in oppolition to both thefe parties, had to con- 

“ fider, 

Burke. 
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Oder, on .hi. oec.lioe, whole feo.lme... h« would y Abet to comme.c.d 

J dopt. By the advice, it is faid, of Mr Burke, lie chofe 
a middle courfe between the two oppof.te extremes. 

To gratify the Americans, he repealed the (lamp-aft ; 
io6 __ „f Ilritain. he cot a law 

Burke, 

and&to”vindicate the honour of Britain, he got a law 

paffed declaratory of her right to legiflate for America 

in taxation as in every other cafe. 
This meafure, whoever was its author, was certainly 

not the offspring either of wifdom or vigour. It the 
mother-country had a right to legiflate in all cafes for 

America, obedience to the ftamp-aft Ihould certainly 
have been enforced; and the mimftiy which rehnquifh- 
ed an acknowledged right, to gratify the faftious d.f- 

pofition of diftant colonies, was obvioufly unfit to guide 
the helm of a great empire. Lord Rockingham an 
his friends were accordingly difmiffed from office ; and 
a new adminihration was formed under the aufpices of 

Mr Pitt, now created earl of Chatham. 
Burke, in the mean time, wrote in defence °t the 

party with which he was connefted; and affumed great 

credit to it for compofing the diftradhons of the 

which was excited by the expulfion of Wilkes from the 
houfe of commons, for having printed and publijhed a 

feditious libel, and three obfeene and impious libels, in the 
controverfy to which this tranfadtion gave rife, Burke 
and Johnfon took oppoiite Tides. ^ Jolinfon, in his Falje 
Alarm, contends, with great ability, that the expulfion 
of a member from the houfe of commons for the com. 
million of a crime, amounts to a difqualification of that 
member from fitting in the parliament from which he 

is expelled ; whilft Burke, though he difapproved of 
the conduft of Wilkes as much as his friend, laboured 
to prove, that nothing but an a& of the legillature can 
difqualify any perfon from fitting in parliament who is 
regularly chofen, by a majority of ele&ors, to fill a va- 
cant feat. It does not appear that this difference of 
opinion produced the fmalleft abatement of mutual re- 
gard between him and Johnfon. They both attended 

the weekly club, and were as much pleafed with each 

other as formerly. . 
The proceedings of the Grafton admin lit rat ion, re- 

1 Tvr*ii _r.,u;^A.o o-a'irp riTp to the re- credit to it for compofing the diitraCtions ot tne ^■■~ ■■£ rffe to the ce- 

i or. C_.ho rlpnPnnPnrP 
was preferred by the aft for fecur.ng the dependence 
of the colonies. After defending his friends, he pro¬ 
ceeds to attack thofe who had fucceeded them in office. 
Of Lord Chatham he fays—“ He has once more deign¬ 

ed to take the reins of government into his own hand, 

and will, no doubt, drive with his wonted fpeed, and 
raife a deal of duft around him. His horfes are all 
matched to his mind ; but as feme of them are young 
and fkittifh, it is faid he has adopted the new contri¬ 
vance lately exhibited by Sir Francis Delaval on Weft- 
minfler bridge : whenever they begin to feort and tofs 

up their heads, he touches the fpnng, throws them 
loofej and away they go, leaving his lordfhip fafe and 

fnug, and as much at his eafe as if he fat on a wool- 

^ The letter, of which this is an extraft, was printed 
in the Public Advertifer ; and is faid to have contribu¬ 
ted, in no fmall degree, to leffen the popularity of the 
illuftrious ftatefman againft whom it was written. The 
miniftry, indeed, which he had formed, confifted of 
verv heterogeneous materials, and was not heartily ap¬ 

proved of by the nation. It therefore foon fell in 

pieces by its own difeord, and Lord Chatham retired 

The parliament being diflolved in 1768, Burke was 
te-ele&ed for Wendover, and took his feat, when the 

houfe met, in November. The duke of Grafton was 
now prime minifter, and was oppofed by two powerful 

parties in parliament; that of the marquis of Rocking¬ 
ham, and that of which Mr Grenville was con&dered 
as the leader. Thefe two parties, however, differed 
widely between themfelves. Mr Grenville had pub- 
liftied a pamphlet, intitled. The■ Prefent State of the Na¬ 
tion ; in which he very ably vindicated lus own mea- 
fures, and of courfe condemned the meafures of thofe 
who had fucceeded him ; and Burke replied to him, 
with greater eloquence, but perhaps with lefs of argu¬ 
ment, in a tra£t, intitled, Obfervations on the Prefent State 
of the Nation, in which he makes a very high panegyric 
on his own patron, and the conne&ions of the party, 
and animadverts with cutting feverity on their fucceffors 

i» office. 

were, in clearnefs, neatnefs, and precifion of ilyle, in¬ 

finitely fuperior to perhaps every other feries of newf- 
paper inveaives, has never been controverted; and that 

they difplay a vaft extent of hiftorical and political in¬ 
formation, is known to all wtm are not themfelves 
ft rangers to the hiftory of this kingdom. . Unclaimed 
by any author, and fuperior to the produ&ions of molt 

authors, they have been given to Burke, to his brother 
Richard, a man like wife of very bright talents, to Mr 
Hamilton, and to Lord George Germaine. We ihould 
hardly hefitate to adopt the opinion of thofe who a- 
feribe them to Burke, had he not difavowed them to 

his friend Johnfon. “ I ihould have believed Burke 
to be Junius (faid Johnfon), becaufe I know no man 
but Burke who is capable of writing thefe letters ; but 

Burke fpontaneoufly denied it to me. The cafe would 
have been different had 1 afied him if he was the au¬ 
thor. A man may think he has a right to. deny when 
fo queftioned as to an anonymous publication.” The 
difference between the ftyle of thefe letters and that ot 
Burke’s acknowledged writings, would have had no 

weight with us; becaufe fuch was Ins command of lan¬ 
guage, that he could affume, and occafionally did aL 

fume, any ftyle which he chofe to imitate. He had 
already fo clofely imitated the very different ffyles ot 
Lucas and Bolingbroke as to deceive the public ; and 
what was to hinder him from mutating the ftyle o. 
Lord George Germaine, which certainly has a ftrong 
refemblance to that of Junius? We think, however, 

with Johnfon, that his fpontaneous difavonval ot theie 

letters ought to be held as fufficient proof that he was 

not their author. 
Burke had now gotten a very pleafant villa near Bea- 

consfield in Buckinghamfhire ; and being one ot the 

freeholders of the county, he drew up a petition to the 
king, complaining of the eondu& of the houfe of com¬ 
mons refpeaing the Middlefex ekaion, and praying 

for a diffolution of the parliament. The petition, though 
explicit and firm, was temperate and decorous, and as 
unlike to one on the fame fubjea from the hvery of 

London, as the principles of a moderate Whig are t 

thofe of a turbulent democrate, About 



BUR , [ 139 ] BUR 

About this period he ftated very clearly his own 
political principles in a pamphlet intitled, ** Thoughts 
on the Caufes of the Prefent Difcontents 5” and his 
plan for removing thefe difcontents had not a grain of 
democracy in its compofition. He propofed to place 
the government in the hands of an open ariftocracy of 
talents, virtue, property, and rank, combined together 
on avowed principles, and fupported by the approba¬ 
tion and confidence of the people ; and the ariftocracy 
which he thought fitteft for this great truft, was a 
combination of thofe Whig families which had moft 
powerfully fupported the revolution and confeqiient efta- 

blifhments. He exprefled, in ftrong terms, his difappro- 
bation of any change in the conftitution and duration 
of parliament ; and declared himfelf as averfe from an 
adminiftration which fhould'have no other fupport than 
popular favour, as from one brought forward merely 

by the influence of the court. 
In this plan there is not that wifdom or liberality 

which might have been expelled from a man of Burke’s 
cultivated mind and extenfive reading. The Whigs, 
when in power, had been as venal as the Tories ; and 
the imprifonment of Lord Oxford, the banifhment of 
Atterbury bifhop of Rochefter, and the refolution of 

the houfe of commons to fit for feven years, when it 
had been chofen by its conftituents for no more than 
three, were certainly greater violations of the conftitu¬ 
tion than the difqualification of Wilkes, or any other 
meafure that had been carried by the court during the 
adminiftrations of Grenville and the duke of Grafton. 
Burke lhewed himfelf in this publication to be indeed 
no republican ; but every fentence of it breathed the 
fpirit of party. 

Lord North was now prime minifter ; and in order 
to tranquillize America, he propofed, in the beginning 
of his adminiftration, to repeal the obnoxious laws of 
his predeceflors in office, and to referve the duty on tea 
merely to maintain the authority of parliament. The 

confequences of this conduct we have detailed elfewhere 
(fee Britain, EncycL); and they are too well known 
to all our readers. The part which Burke a&ed du¬ 
ring his adminiftration will not, in our opinion, admit 
of any plaufible defence. It was not indeed the part 
of a democrate, but of a man determined to oppofe 
every meafure of thofe in power. In the beginning of 
the conteft, he certainly difplayed more wifdom and 
patriotifm than the minifter ; for, without entering di- 
re&ly into the queftion, Whether the mother-country 
had or had not a right to tax the colonies ? he content¬ 
ed himfelf with warning the houfe againil dangerous 
innovations. “ The Americans (faid he) have been 
very ferviceable to Britain under the old fyftem : do 
not, therefore, let us enter rafhly upon new meafures. 
Our commercial interefts have been hitherto greatly 
promoted by our friendly intercourfe with the colonies; 
do not let us endanger poffieffion for contingency ; do 
not let us fubftitute untried theories for a fyftem expe¬ 
rimentally afcertained to be ufeful.” 

This vras undoubtedly found reafoning, and everyway 
becoming a lover of his country : but his continued op- 
pofition to government, after all Europe had leagued 
againft Great Britain, was a condu& which will admit 
of no vindication, and for which the only poffible apo- 
logy muft be found in that ardour of temper which 

made his friend Hamilton fay, on another occafion, 

“ Whatever opinion Burke, from any motive, fuppoi^s, Burke, 
fo du&ile is his imagination, that he foon conceives it v'""— 

to be right.” In his moft violent oppofition, however, 
though his expreffions were often extravagant and in¬ 

decent, he never for a moment gave his fupport to the 

metaphyfical do&rine of the imprefcriptible rights of man% 
or to the a£ual innovations which fome meant to in¬ 
troduce on the balls of that doctrine. His upright 
mind was indeed fufficientiy guarded againft thefe no¬ 
velties by what he bad obferved in France during the 

year 1772. Whilft he remained in that country, his 
literary and political eminence made him courted by all 

the anti-monarchical and infidel philofophers of the time; 
and in the religious fcepticifm and political theories of 
Voltaire, Helvetius, Roufleau, and D’Alembert, he faw, 
even at that period, the probable overthrow of religion 

and government. His fentiments on this fubjeCh he 
took occafion, immediately on his return, to communi¬ 
cate to the houfe of commons ; and to point out the 
confpiracy of atheifrn to the watchful policy of every 
government. He profefled that he was not over-fond 
of calling in the aid of the fecular arm to fupprefs doc¬ 
trines and opinions ; but he recommended a grand al- . 
liance among all believers againft thofe minifters of re¬ 
bellious darknefs, who were endeavouring to ffiake all 
the works of God eftablilhed in beauty and in order. 

The American war proving unfuccefsful, though 
Great Britain never made a more glorious ftand, Lord 
North and his friends retired from office ; and, in Fe¬ 
bruary 1782, a new miniftry was formed, at the head 
of which was placed the marquis of Rockingham; Lord 

Shelburne and Mr Fox were the fecretaries of ftate ; 
and Mr Burke, who was appointed pay.mailer to the 
forces, exulted, rather childiihly, in the houfe of com¬ 
mons, on the happinefs which was to accrue, both to 
the king and to the people, from the able and upright 
conduft of the new minifters. The time in which the 
greater part of them continued in office was too fhort 
to permit them to do either much good or much evil. 

On the 1 ft of July the marquis of Rockingham 
died ; and the earl of Shelburne being placed at the 
head of the treafury, Fox and Burke refigned in dif- 

guft, and, to the aftonifhment of the nation, formed 
the famous coalition with Lord North, vvhofe meafures 
they had fo long, and fo vehemently oppofed. In the 
coalition of North and Burke there would have been 
nothing wonderful. In the intercourfe of private life, 
thefe two ftatefmen had always met on terms of friend- 
ftn’p and mutual regard; they had the fame ideas of 
the excellence of the conftitution, and the fame averfion 
to innovation under the name of reform ; even their 
ftudies and amufements were very fimilar, being both 
men of tafte and claffical learning ; and though Burke 

oppofed the taxation of America by the Briiiffi parlia¬ 
ment, his oppofition proceeded rather from motives of 
prudence and expediency than from any fettled con- 

vi&ion that the meafure was unconftitutional. But the 
political enmity of Fox and North had proceeded, not 
only to perfonal abufe, but to profeffions of mutual ab¬ 
horrence ; and perhaps there was hardly an unprejudi¬ 

ced perfon in the kingdom who entertained not fufpi- 
cions, that the unexpected union of fuch enemies was 
cemented by a principle lefs pure than patriotifm. 

Mr Pitt was now chancellor of the exchequer; and 

when he announced to the houfe of commons the peace 

S 2 which 
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Burke, which was concluded in January 1783* ^e found the 

■-v—^ terms on which it had been made feverely condemned 
by North, Fox, Burke, and all their friends. The cen- 
fure paffed on it by Lord North and his followers was 
perfe&ly confident with their former conduct, and with 
the opinions which they had uniformly maintained ; 

but it was with no good grace that Fox and Burke, 
who had offered an unconditional peace to the Dutch, 
and fo frequently propofed to recognize the indepen¬ 
dence of America, condemned the peace which had been 
concluded by Lord Shelburne. On this, as on many 
other occafions, they adfed, not as enlightened politi¬ 

cians, but as the rancorous leaders of a party. 
In confequence of a vote of cenfure puffed by the 

commons, the minifters reiigned their employments, and 
were fucceeded by the duke of Portland, Lord North, 
Mr Fox, Mr Burke, and their friends. Burke had his 
former employment of paymafterto the forces ; Lord 
North and Mr Fox were fecretaries of (late, and the 
duke of Portland was firft lord of the treafury. To 
many perfons this miniftry had the appearance of greater 
ftrength than any that had governed the kingdom fince 
the time of Sir Robert Walpole ; but its duration was 
not longer than that of the preceding. On the 18th of 
November, Mr Fox introduced his famous India-bill, 

into the merits of which it is foreign from our purpofe 
to enter: fuffice it to fay, that after being ftrongly flip- 
ported by Burke, and ably oppofed by Pitt and Dun- 
das, it paired thedioufe of commons by a very great ma¬ 
jority ; but was loft in the houfe of peers, and viewed 
by the king in fuch a light, that he determined on an 

entire change of adminiftration. 
Mr Pitt was now placed at the head of the treafury, 

where he has remained ever fince ( 1800), notwithftand- 
ing the violent and powerful oppofition which he met 
with at firft from North and Fox and their coalefced 
friends : the voice of the nation has been on his fide ; 

and that voice will always drown the bellowings or pa- 

triotifm. 
The principal events in which Burke fignalized him- 

felf, fince the year 1784, were the trial of Haftings, 
the deliberations of the houfe on the propofed regency 
during the lamented illnefs of the king, and the brench 
revolution ; and on each of thefe occafions he difplayed 
talents which aftonifhed the nation. He has, indeed, 
been feverely blamed for the pertinacity with which he 

profecuted Mr Haftings, and his condudt has been at¬ 
tributed to very unworthy motives ; but of this there 
is neither proof nor probability. The temperament of 
his mind was fuch, that, into whatever meafure he en¬ 
tered, he entered with a degree of ardour of which 
cooler heads can hardly form a conception. Burke 
was but one member of a committee which found, or 
thought it found, evidences of the guilt of Haftings ; 
and, in forming his opinion, it is little likely that he 
fhould have been biaffed by intereft or refentment, whofe 
delicate fenfe of redlitude would not permit him to re¬ 
tain a penfion when he could no longer fupport the 
party of that friend who had obtained it for him. 

When the eftablifhment of a regency was thought 
neceffary, he took the part, as it was called, of the 
Prince of Wales, in oppofition to the plan propofed by 
Lord Thurlow and the minifter ; and we doubt not 
but he was a&uated by the pureft principles : but the 
language which he ufed in the houfe was vehement, 

and fome of his cxpreffions were highly indecent. Our 
regard for his memory makes us vvifh to forget them. 

Soon after the recovery of the king, the attention of 
Burke was attradled to* the moft momentous event of 
•modern times ;—an event which has convulfed all Eu¬ 
rope, and of which, from the very firft, his fagacity 
forefaw the confequences. Many of his friends in Par¬ 
liament, as well as numbers of wife and good men out 
of it, augured, from the meeting of the ftates-general 
of France, great benefit to that nation, of which the 
government was confidered as defpotic and oppreflive ; 
and fome were fanguirie enough to prognofticate a new 

and happy order of things- to all the nations conne&ed 
with France, when its government fhould become more 

free. Burke thought very differently : He was well 
acquainted with the genius of the French people, and 
with the principles of thofe pliitofophers, as they called 
themfelves, by whom a total revolution in church and 
ftate had long been projedted; and from the commence¬ 
ment of their career in the conftituent affembly, when 
they eftablifhed, as the foundation of all legal govern¬ 
ment, the metaphyfical do&rine of the rights of man, he 
predicted that torrent of anarchy and irreligion which 

they have fince attempted to pour over all Europe. 
Fox and fome of the other leading men in oppofition 
affefted to confider this as a vain fear ; and a coolnefs 
took place between them and Burke, though they ftill 
adted together in Parliament. At laft, perceiving the 
French dodtrines of liberty and equality, and atheifm, 
fpreading through this nation, not only among thofe 
who had talents for fuch difquifitions, but in clubs and 
focieties, of wdiich the members could be no judges of 
metaphyfical reafonings, he expreffed his apprehenfion 
of the confequences in the houfe of commons. This 
brought on a violent altercation between him and Fox, 
who was fupported by Sheridan ; and a rupture took 
place between thefe old friends which was never healed. 
He no more attended the meetings of the oppofition 
members ; and in 1790 he publifhed his- celebrated Re¬ 

flexions on the French Revolution. 
By the friends of government this work was admired 

as the moft feafonabte, as well as one of the ableft, de¬ 
fences of the Britifh conftitution that ever was written ,* 

whilft Fox and his friends, with the great body of Eng- 
lifti diffenters, though they admitted it to be the ciff- 
fpring of uncommon genius, affedfed to confider it as 
declamatory rather than argumentative, and as incon- 
liftent with the principles which its author had hitherto 
uniformly maintained. Many anfwers were written to 
it; of which the moft confpicuous were VindicU Gallica 
by Mr Mac Intofh, and The Rights of Man by Thomas 

• Paine. To thefe Burke deigned not to make a diredfc 
reply. He vindicated his general principles, as well as 
fome of his particular reafonings, in A Letter to a Mem¬ 
ber of the National Affembly ; and he very completely 
evinced the confiftency of his principles in his Appeal 

from the New to the Old Whigs. 
Of this great work, for great it undoubtedly is, the 

merits as well as the demerits have been much exagge¬ 
rated ; and fome have made it a queftion, Whether it 
has on the whole been produdfive of good or harm ? 
By the enemies of the author, it is reprefented as ha¬ 
ving given rife to the fpirit of difeontent, by exciting 
fuch writers as Paine and his adherents, who, but for 

the provocation given by The Reflexions, might have 
remained 
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Burke, remained In filence and obfcurlty. This was from the 

firft a very Improbable fuppofition ; for the fpirit of de¬ 

mocracy has at ail times been reftlefs : but fince the ap¬ 
pearance of Profeffor Robifon’s Proofs of a Gonfpiracy, 
and Barruel’s Hi/lory of jfacobintfm, it mult be known 
to every reader to be a fuppofition contrary to faX. 
The confpirators were bufy long before Burke wrote 
his Reflexions; and the friends of order and religion 
are his debtors, for having fo forcibly roufed them from 
their dumber, and put them on their guard. * With re- 
fpeX to compofition, it is certainly neither fo energetic 
nor fo argumentative as the political traXs of Johnfon, 
to which fome have affeXed to confider it as fuperior : 

but it is more poetical, gives fcope for a greater difplay 
of the knowledge of human nature; and, being written 
on a more interefimg fubjeX, it has had a much great¬ 
er number of readers than thofe unrivalled pieces of po¬ 
litical controverfy. 

Burke being now affociated with Mr Pitt, continued 
to write from time to time memorials and remarks on 
the date of France, and the alliance that was formed 
againd the new order of things in that diftraXed coun¬ 
try, of which fome have been publiflied fince his death ; 
and having refolved to quit the budle of public life as 
foon as the trial of Mr Hadings fhould be concluded, 
he vacated his feat when that gentleman was acquitted, 
and retired to his villa at Beaconsfield, where, on the 

2d of Augud 1794, he met with a heavy domedic lofs 
in the death of his only fon. In the beginning of the 
fame year he had lod his brother Richard, whom he 
tenderly loved : but though this reiterated droke of 
death deeply affeXed him, it never relaxed the vigour 

of his mind, nor leffened the intered which he took in 
the public weal. 

In this retreat, while he was labouring for the good of 
all around him, he was didurbed by a very unprovoked 

attack upon his charaXer by fome diftinguiflied fpeakers 
in the houfe of Peers. Soon after the death of his fon the 
king was gracioufly pleafed to' bedow a penfion on him 
and Mrs Burke; and this thofe noble lords were pleafed 
to reprefent as the reward of what they termed the change 
of his principles and the defertion of his friends. The 
injudice of this charge mud be obvious to every impar¬ 
tial mind, fince the penfion was given after he had re¬ 
tired from parliament, and could not by his eloquence 
either fupport the minidry or gall the oppofition. He 
was not a man to fubmit tamely to fucli an infult. He 
publiflied a letter on the occafion, addreffed to a noble 
lord (Earl FitzwilHam), in which he repels the attack 
on his character, and retaliates on thofe by whom it was 
made, in terms of fuch eloquent and keen farcafm, as 
will be read with admiration as long as the language of 
the letter {hall be underdood. 

Burke having employed every effort which benevo¬ 
lence and wifdom could devife to dimulate civilized go¬ 
vernments to unite in oppofition to the impiety and 
anarchy of France, laboured likewife in private to re¬ 
lieve thofe who had differed exile and proscription from 
the direful fydem. Through his influence a fchool was 
eftablifhed in his neighbourhood for the education of 
thofe whofe parents, for their adherence to principle, 
were rendered unable to afford to their children ufeful 
tnftruXion ; and that fchool, which on his deathbed he 

recommended to Mr Pitt, continues to flourilh under 
his powerful prote&ion,. 

When the appearance of melioration in the principles 
and government of France induced our fovereign to 
make overtures of peace to the French directory, Burke 
refumed his pen ; and in a feries of letters, intitled, 

Thoughts on the PrcfpeX of a Regicide Peace, difplayed 
a force of genius which is certainly not furpaffed, and 
perhaps not equalled, even in his far-famed RcfleXions on 
the French Revolution. This was his laft work, and 

was confidered by himfelf as in its nature teftamen- 
tary. 

From the beginning of June 1797 his health rapidly 
declined ; but his underftanding exerted itfelf with un- 
diminifhed force and uncontraXed range ; and his dif- 
pofitions retained all their amiable fweetnefs. On the 

7th of July, when the French revolution was mentioned, 
he fpoke with pleafure of the confcious reXitude of his 

own intentions in what he had done and written refpeX- 
ing it; entreated thofe about him to believe, that if any 

unguarded exprefiion of his on the fubjeX had offended 
any of his former friends, no offence was by him in¬ 

tended ; and he declared his unfeigned forgivenefs of all 
who had on account of his writings, or for any other" 
caufe, endeavoured to do him an injury. On the day 
following he defired to be carried to another room ; 

and whilll one of his friends, afiifted by fome fervants, 
was complying with his requeft, Mr Burke faintly ut¬ 
tering, “ God blefs you,” fell back and expired in the 
68th year of his age. 

From this detail, we trufttliat our readers are already 
fufficiently acquainted with his general charaXer. In 

genius, variety of knowledge, and readinefs of expref- 

fion, Johnfon alone of all his contemporaries could be 
confidered as his rival ; and, like that great man, lie 

took every opportunity, efpecially during his laft illnefs, 
to declare his unftiaken belief of the Chriftian religion, 
his veneration for fincere Cliriftians of all peifuafions, 
and his own preference of the church of England. On 
the worfliip of that church he had indeed through the 
whole of his life been a regular and devout attendant ; 
and the teais winch the poor, in the neighbourhood oi 
his villa, filed at his funeral, gave fufficient evidence that 
his faith had been produXive of charity. In his public 
conduX, the irritability of his temper, and the ardour 
of his imagination, fometimes hurried him into the e» 

cefies of a mere party-man; but we believe that his 
great religious and political principles never varied. He 
has himfelf charaXerifed his public eonduX in the com 
clufion of his Reflexions on the French Revolution, 
when he fays, that “ they come from one who has been 
no tool of power, no flatterer of great nefs, and who in 
his laft r.Xs does not wifti to belie the tenor of his life; 
from one who wiflies to preferve confiftency, but who 
would preferve confiftency by varying his means to fe- 
cure the unity of his end; and when the equipoife of 
the vefiel in which he fails may be endangered by over- 

loading it upon one fide, is defirous of carrying tin 

fmall weight of his reafons to that which may preferve 
the equipoife.” J 1 

^james, iiiq;j, better known by tli 
title of Lord Monboddo, descended from an ancient fa 
mdy m the county of Mearns in Scotland. He was th 
eldeft fon of Arthur Burnet, Efq; of Monboddo, when 

hewasborn in the year 1714. After puffing througl 
the ufual courfe of fchool education, he profecuted H 

flu dies at the univerfities of Aberdeen, Edinburgh, an 

Leyden,. 

Burke, 
Burnet. 
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Burnet. Leyden, with diftinguiftied reputation 

v—^ ted an advocate in 1737 ; and on the i2th of February 
1767, he was raifed to the bench, by the title of Lord 
Monboddo, In the room of Lord Milton, appointed a 

judge the 4th of June 1742, and who had fucceeded 
'Sir John Lauder of Fountainliall, admitted November 

1. 1689 ; fo that he was only the third judge in fuceef- 

lion fince the revolution. 
Before his promotion to the bench, he had married 

Mifs Farquharfon, a very amiable woman, by whom he 
had a fon and two daughters; whom, without regard¬ 
ing the difference of climate, he reared as the children 

of ancient Greece were reared. . 
From early youth Lord Monboddo’s application to 

literary and juridical ftudies was feverely diligent. Be¬ 
tween clafiical literature and the law of Scotland, there 
exifls a ftrong conne&ion, arifing from the adoption of 
the forms and maxims of the civil law of the Romans, 
by the ancient legiflators and judges of Scotland. Ac¬ 
cordingly, while Mr Burnet rofe into reputation as a 
lawyer, lie at the fame time improved into profound 
erudition that knowledge of the Greek and Roman 
authors which he had acquired at fchool and the uni- 

verfity ; and his partiality to the Greek language could 
not fail to be (Lengthened by his frequent conven¬ 
tions with Dr Blackwell, the celebrated profefTor of 
that language in the Marifclial College and Univerfity 

of Aberdeen. 
His favourite ftudies, however, were not fullered to 

interfere with his duty as a judge. In his native coun¬ 
ty, his integrity as Sheriff will be long remembered ; 
and during the whole time that he was a Lord of Sef- 
fion, he difeharged the duties of his high office with an 
affiiduity, a patience, a clear intelligence, and inflexible 
reaitude, which did honour to the court of which he 
was a judge. Like others, he was liable to error; 
but neither the awe of power, the blandifhments of flat¬ 
tery, nor even companion for diftrefs, could turn Lord 
Monboddo afide from what he believed to be the courfe 

of juftice. 
Several of the judges of the court of feffion were at 

that period ambitious of fhining among philofophers 
and men of tafte ; and Lord Karnes’s Elements of Cri- 
ticijm is a work which will be long read, and always ad¬ 
mired. It was not, however, admired by Lord Mon- 
boddo ; and he determined to vindicate the fuperiority 

of the ancients over the moderns, as well in philofophy as 
in belles lettres. With this view he publifhed, in 1773, 

the firft volume of his Origin and Progress of Lan¬ 

guage ; which was perufed with mingled fentiments of 
refpeft and indignation. It was better received in Eng¬ 

land than in his own country ; and notwithftanding the 
ridicule brought upon him by his belief in the exiftence 
of mermen, and men with tails, the author felt himfelf 
fufficiently encouraged to complete his plan in five vo¬ 

lumes. 
Having, as he thought, vindicated Grecian literature, 

lie was induced to undertake another great work in de¬ 
fence of Grecian philofophy, again ft the ft ill more arro¬ 
gant claims, as he deemed them, of Bacon and New¬ 
ton, with their followers. With this view, he publifh¬ 
ed, at different times, and in fix volumes 4to, a work 
in titled Ancient Metaphyfics, fraught, it muft be confef- 
fed, with much erudition, much good fenfe, and, ftrange 

as the combination may feem, with much abfurdity. In 
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He was admit- the preface to the firft volume, he declares open war Burnet. 
againft all modern writers of philofophy, except Mrv— 
Harris, who was an adorer of the ancients like himfelf, 

Mr Baxter, and Dr Cudworth. He acknowledges Bax¬ 
ter’s book on the Immateriality of the Soul to be a 

truly valuable work ; and fays of Cudworth’s Intelledtual 
Syjlem, that he agrees with it throughout. There is 
indeed fuch a coincidence of notions in the Intellectual 

Syfletn and the Ancient Metaphyfcs, that an ill-natured 
critic might be tempted to fufpeCl, that every thing 
valuable in the latter was borrowed from the former. 

The Ancient Metaphyfics had few admirers in Scot¬ 

land ; but it procured for its author, from a fcholar of 
Oxford, we think Mr Huntingford, the title of *\\oC 

Apiahltw. His Lordfhip continued to cultivate what 
he called Greek philofophy, and to attend his judicial du¬ 
ties, with indefatigable diligence till within a few days 
of his death, which happened at his houfe in Edinburgh, 

on the 26th of May 1799, at the advanced age of 85. 
His private life was (pent in the pra&ice of all the 

focial virtues, and in the enjoyment of much domeftic 
felicity. Although rigidly temperate in his habits of 

life, he, however, delighted much in the convivial focie- 

ty of his friends ; and among thefe he could number 
almofl all the moft eminent of thofe who were diftin- 
guifhed in Scotland for virtue, literature, or genuine 

elegance of converfation and manners. His fon, a very 
promifing boy, in whofe education he took great de¬ 

light, was fnatched away from his affections by a pre¬ 
mature death. But when it was too late for farrow 
and anxiety to avail, the afflicted father ftifled the emo¬ 

tions of nature in his bread, and wound up the energies 
of his foul to the firmed tone of ftoical fortitude. He 
was, in like manner, bereaved of his excellent lady, the 
objeCt of his deareft tendernefs ; and he endured the 
lof3 with a fimilar firmnefs, fitted to do honour either 
to philofophy or to religion. In addition to his office 

as a judge in the court of feffion, an offer was made to 

him of a feat in the court of judiciary. But though the 
emoluments of the office would have made a convenient 
addition to his income, he refilled to accept it, left its 
bufmefs fhould too much detach him from the purfuit 

of his favourite ftudies. 
The vacations of the court of feffion afforded him fuf- 

ficient leifure to retire every year, in fpring and in au¬ 
tumn, to the country ; and he ufed then to drefs in a 
flyle of fimplicity, as if he had been only a plain far¬ 
mer ; and to live 3mong the people upon his eflate with 

all the kind familiarity and attention of an aged father 
among his grown up children. Although the eftate, 
from the old leafes, did not afford an income of more 
three or four hundred pounds a-year, he would never 

raife the rents upon his old tenants, nor difplace an old 
tenant, for the fake of any augmentation of emolument 
offered by a richer or more enterprifing ftranger In 
imitation of the rural economy of fome of the ancients, 
whom he chiefly admired, he accounted population the 
true wealth of an eftate, and was defirous of no other 
improvement of his lands, than that of having the num¬ 
ber of perfons that fhould refide upon them, and be fuf- 
tained by their produce, fuperior to that of the popula¬ 
tion of any equal portion of the lands of his neighbours. 

It was at Monboddo that he bad the pleafure of 

receiving Dr Samuel Johnfon, with his friend James 

Bofwell, at the time when thefe two gentlemen were 
upon 
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Burnet, upon their well-known Tour through the Highlands 

v —■; of Scotland. Johnfon admired nothing in literature 

fo much as the difplay of a keen difcvimination of hu¬ 
man chara&er, a juft apprehenfion of the principles of 

moral a&ion, and that vigorous common fenfe which 
is the moll happily applicable to the ordinary con- 
du£l of life. Monboddo delighted in the refinements, 
the fubtleties, the abftra&ions, the affectations, of li¬ 
terature ; and, in comparifon with thefe, defpifed the 

groffnefs of modern tafte and of common affairs. John¬ 
fon thought learning and fcience to be little valu¬ 
able, except fo far as they could be made fubfervient 

to the purpofes of living ufefully and happily with 
the world upon its own terms. Monboddo’s favourite 
fcience taught him to look down with contempt upon 
all fublunary, and efpecially upon all modern things ; 

and to fit life to literature and philofophy, not litera¬ 
ture and philofophy to life. James Boiwell, therefore, 
in carrying Johnfon to vifit Monboddo, probably thought 
of pitting them one againft another, as two game cocks, 
and promifed himfelf much fport from the colloquial 

conteft which he expeCled to enfue between them. But 
Monboddo was too hofpitable and courteous to enter 
into keen contention with a ftranger in his own houfe. 
There was much talk between them, but no angry con- 
troverfy, no exafperattOn of that diflike for each other’s 
well-known peculiarities with which they had met. 

Johnfon, it is true, ftill continued to think Lord Mon¬ 
boddo what he called a prig in literature ; and Mon¬ 
boddo to cenfure Johnfon for allowing the moderns, in 

fome things, to furpafs the ancients. 
Lord Monboddo ufed frequently to vifit London, to 

which he was allured by the opportunity that great me¬ 
tropolis affords of enjoying the converfation of a vaft 
number of men of profound erudition. A journey to 
the capital became a favourite amufement of his periods 
of vacation from the bnfinefs of the court to which he 
belonged; and, for a time, he made this journey once 
a-year. A carriage, a vehicle that was not in common 
ufe among the ancients, he conlidered as an engine of 
effeminacy and floth, which it was difgraceful for a man 
to make ufe of in travelling. To be dragged at the 
tail of a horfe, infixed of mounting upon his back, 
feemed, in his eyes, to be a trulyludicrous degradation 
of the genuine dignity of human nature. In all his 
journeys, therefore, between Edinburgh and London, 
he was wont to ride on horfeback, with a lingle fervant 
attending him. He continued this pra&ice, without 
finding it too fatiguing for his ftrength, till he was up¬ 
wards of eighty years of age. Within a few years of 
his death, on his return from a laft vifit, which he 
made on purpofe to take leave of all his old friends 
in London, he became exceedingly ill upon the road, 
and was unable to proceed ; and had he not been over¬ 
taken by a Scotch friend, who prevailed upon him to 
travel the remainder of the way in a carriage, he might 
perhaps have actually perilhed by the way-fide, or 

breathed his laft in fome dirty inn. 
In London, his vifits were exceedingly acceptable to 

all his friends, whether of the literary or faftiionable 
world. He delighted to ihew himfelf at court ; and 
the king is faid to have taken a pleafure in converfing 
with the old man with a diftinguifhing notice that could 
not but be very flattering to him. He ufed to mingle, 

with great fatisfadion^ with the learned and the inge¬ 

nious, at the houfe of Mrs Montague. However, after Burn?, 

the death of his friend Mr Harris, he found a very fen- *** 'r“ 
fible diminution of the pleafure he had been wont to 

enjoy in the iociety of London. 
A conftitntion of body, naturally framed to wear 

well and laft long, was (Lengthened to Lord Monbod¬ 
do by exercife, guarded by temperance, and by a tenor 
of mind too firm to be deeply broken in upon by thofe 

pafiions which confume the principles of life. In the 
country he always ufed much the exercifes of walking 
in the open air and of riding. The cold bath was a 
means of preferring the health, to which he had re- 
courfe in all feafons, amid every feverity of the weather, 
and under every inconvenience of indifpofition or bull- 

nefs, with a perfeverance invincible. He wa3 accuftomed, 
alike in winter and in fummer, to rife at a very early 
hour in the morning, and, without lofs of time, to be¬ 
take himfelf to ftudy or wholefome exercife. It is faid 

that he even found the ufe of what he called the air 
bath, or the practice of occafionally walking about, for 
fome minutes, naked, in a room filled with frefh and 
cool air, to be highly falutary. In a word, if his pecu¬ 
liarities were linking, his virtues, and learning, and ta¬ 
lents, were equally linking ; and, taken altogether, he 
mull be confidered as a great and a good man. 

BURNS (Robert), was a native of Airlhire, one 

of the weftern counties of Scotland. He was the fon 
of humble parents ; and his father palled through life 
in the condition of a hired labourer, or of a fmall far¬ 
mer. Even in this fituation, however, it was not hard 

for him to fend his children to the parilhffchool, to re¬ 
ceive the ordinary inftru£lion in reading, writing, arith¬ 

metic, and the principles of religion. By this courfe of 
education young Robert profited to a degree that might 
have encouraged his friends to deftine him to one of 
the liberal profelfions, had not his father’s poverty made 
it neceffary to remove him from fchool, as foon as he 
had grown up, to earn for himfelf the means of fupport 
as a hired ploughboy or Ihepherd. 

The expence of education in the parilh-fchools of 
Scotland is fo fmall, that hardly any parents who are 
able to labour want the means of giving to their child¬ 
ren at leaft fuch education as young Burns received. 
From the fpring labours of a ploughboy, from the 

fummer employment of a Ihepherd, the peafant-youth 
often returns for a few months, eagerly to purfue his. 
education at the parilh-fchool. 

It was fo with Burns: he returned from labour to 
learning, and from learning went again to labour, till 
his mind began to open to the charms of tafte and 
knowledge ; till he began to feel a paflion for books, 
and for the fubjeifts of books, which was to give a co¬ 
lour to the whole thread of his future life. On nature* 
he foon began to gaze with new difeernmeut and with 
new enthufiafm : his mind’s eye opened to perceive af- 
fedling beauty and fublimity, where, by the mere grofs 
peafant, there was nought to be feen but water, earth, 
and Iky—but animals, plants, and foil. 

What might perhaps firft contribute to difpofe his 
mind to poetical efforts, is one particular in the devo¬ 
tional piety of the Scottilh peafantry ; it is ftill com¬ 
mon for them to make their children get by heart the 
Pfalms of David, in that verfion of homely rhymes 
which is ufed in their churches. In the morning and 

in the evening of every day, or at leaft on the evening. 
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Burns, of every Saturday and Sunday, thefe Pfalms are fung 
—v-ia folemn family-devbtion, a chapter of the Bible is 

read, and extemporary prayer is fervently uttered. The 
whole books of the Sacred Scriptures are thus conti¬ 
nually in the hands of almoft every peafant. And it is 
'impoflible that there fhould not be occafionally fome 
fouls among them, awakened to the divine emotions of 
genius by that rich affemblage which thofe books pre* 
Tent, of almoft all that is interefting in incidents, or pic- 
turefque in imagery, or affe&ingly fublime or tender in 
fentiments and chara&er. It is impoflible that thofe 
rude rhymes, and the fimple artlefs mufic with which 
they are accompanied, fhould not occafionally excite 
fome ear to a fond perception of the melody of verfe. 
That Burns, had felt thefe impulfes, will appear unde¬ 
niably certain to whoever fhall carefully perufe his Cot- 

tar’s Saturday’s Night; or fhall remark, with nice ob- 
fervation, the various fragments of Scripture fentiment, 
of Scripture imagery, of Scripture language, which 

are fcattered throughout his works. 
Still more interefting to the young peafantry are 

thofe ancient ballads of love and war, of which a great 
number are, in the fouth of Scotland, yet popularly 
known, and often fung by the rnftic maid or matron at 
her fpinning-wheel. They are liftened to with ravifhed 
ears by old and young. Their rude melody ; that 
mingled curiofity and awe which are naturally excited 
by the very idea of their antiquity ; the exquifitely 
tender and natural complaints fometimes poured forth 
in them ; the gallant deeds of knightly heroifm, which 
they fometimes celebrate ; their wild tales of demons, 
gbofts, and fairies, in whofe exiftence fuperftition alone 
has believed ; the manners which they reprefent ; the 
obfolete, yet pi&urefque and exprefiive, language in 
which they are often clothed—give them wonderful 
power to tranfport every imagination, and to agitate 
every heart. To the foul of Burns they were like a 
happy breeze touching the wires of an iEolian harp, 

and calling forth the moft ravifhing melody. 
Belide all this, the Gentle Shepherd, and the other 

poems of Allan Ramfav, have long been highly popu¬ 
lar in Scotland. They fell early into the hands of 
Burns ; and while the fond applaufe which they recei¬ 
ved drew his emulation, they prefented to him like- 
wife treafures of phrafeology and models of verfifica- 
tion. He got acquainted at the fame time with the 
poetry of Robert Fergufon, written chiefly in the Scot- 
tifh dialed, and exhibiting many fpecimens of Uncom¬ 
mon poetical excellence. The Seafons of Thomfon 
too, the Grave of Blair, the far-famed Elegy of Gray, 
the Paradife Loft of Milton, perhaps the Minftrel of 
Beattie, were fo commonly read, even among thofe 
with whom Burns would naturally affociate, that poe¬ 
tical curiofity, although even lefs ardent than his, could 
in fuch circumftances have little difficulty in procuring 
them. 

With fuch means to give his imagination a poetical 
bias, and to favour the culture of his tafte and genius, 
Burns gradually became a poet. He was not, however, 
one of thofe forward children who, from a miftaken im- 
pulfe, begin prematurely to write and to rhyme, and 
hence never attain to excellence. Cohverfing familiarly 
for a long while with the works of thofe poets who 
were known to him ; contemplating the afped of na¬ 

ture in a diftrid which exhibits an uncommon affem- 

BUR 
blage of the beautiful and the ruggedly grand, of the 
cultivated and the wild ; looking upon human life with 
an eye quick and keen, to remark as well the ftronger 
and leading, as the nicer and fubordinate, features of 
cliarader ; to diferiminate the generous, the honour¬ 
able, the manly, in condud, from the ridiculous, the 
bafe, and the mean—lie was diftinguifhed among his 
fellows for extraordinary intelligence, good fenfe, and 
penetration, long before others, or perhaps even him- 
felf, fufpeded him to be capable of writing verfes. His 
mind was mature, and well ftored with fuch knowledge 
as lay within his fearch : he had made himfelf matter of 
powers of language, fuperior to thofe of almoft any for¬ 
mer writer in the Scottifh dialed, before he conceived 
the idea of furpafling Ramfay and Fergufon. 

Hitherto he had converfed intimately only with pea¬ 
sants on his own level; but having got admiflion into 
the fraternity of free mafons, he had the fortune, whe¬ 
ther good or bad, to attrad in the lodges the notice of 
gentlemen better qualified than his more youthful com¬ 
panions to call forth the powers of his mind, and to 
fhow him that lie was indeed a poet. A mafonic fong, 
a Satirical epigram, a rhyming epiftle to a friend, at¬ 
tempted with fuccefs, taught him to know his own 
powers, and gave him confidence to try talks more 
arduous, and which fhould command ftill higher burfts 

of applaufe. 
The annual celebration of the facrament of the Lord’s 

Supper, in the rural parifhes of Scotland, has much in it 
of thofe old popifh feftivals, in which fuperftition, traffic, 
and amufement,ufed to be ftrangely intermingled. Burns 

faw, and Seized in it one of the happieft of all fubje&s, 
to afford Scope for the difplay of that ftrong and pier¬ 
cing Sagacity by which he could almoft intuitively di- 
ftinguifh the reafonable from the abfurd, and the beco- 
coming from the ridiculous; of that pi&urefque power of 
fancy, which enabled him to reprefent Scenes, and per- 
fons, and groupes, and looks, attitude, and geftures, in 
a manner almoft as lively and imprefiive, even in words, 
as if all the artifices and energies of the pencil had been 
employed ; of that knowledge which he had neceffarily 
acquired of the manners, paflions, and prejudices of the 
ruftics around him, of whatever was ridiculous, no lefs 
than of whatever * was affe&ingly beautiful in rural 

life. 
A thoufand prejudices of Popifh, and perhaps too of 

ruder Pagan fuperftition, have from time immemorial 
been conr>e&ed in the minds of the Scottifh peafantry, 
with the annual recurrence of the Eve of the Feftival of 
all the Saints or Halloween. Thefe were all intimate¬ 
ly known to Burns, and had made a powerful impref- 
fion upon his imagination and feelings. He chofe them, 
for the fubje& of a poem, and produced a piece which 
is almoft to frenzy the delight of thofe who are beft ac¬ 
quainted with its fubje& ; and which will not fail to 
preferve the memory of the prejudices and ufages which 
it deferibes, when they fhall perhaps have ceafed to give 
one merry evening in the year to the cottage fire- 
fide. 

The fimple joys, the honeft love, the fincere friend- 
fhip, the ardent devotion of the cottage ; whatever in 
the more folemn part of the ruflic’s life is humble and 
artlefs, without being mean or unfeemly—or tender and 
dignified, without afpiring to ftilted grandeur—or to 

unnatural, bufkined pathos, had deeply impreffed the 
imagination 
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imagination of the riling poet; had, in 

wrought itfelf into the very texture of the fibres of his 
foul. He tried to exprefs in verfe what he moft ten¬ 

derly felt, what he molt enthufiaflically imagined ; and 
produced the Cottar's Saturday Night. 

Thefe pieces, the true effulions of genius, informed 
by reading and obfervation, and prompted by its own 
native ardour, as well as by friendly applaufe, were 

foon handed about among the moll difcerning of Burns’s 
acquaintance ; and were by every new reader perufed, 
and reperufed, with an eagernefs of delight and appro¬ 
bation which would not fufFer their author long to with¬ 
hold them from the prefs. A fubfcription was propofed, 
was earneflly promoted by fome gentlemen, who were 

glad to interelt themfelves in behalf of fuch fignal poe¬ 
tical merit ; was foon crowded with the names of a 
confiderable number of the inhabitants of Airfhire, who 
in the proffered purchafe fought not lefs to gratify 
their own paflion for Scottifh poefy, than to encourage 

the wonderful ploughman. At Kilmarnock were the 
poems oF Burns for the firfl time printed. The whole 
edition was quickly diftributed over the country. 

It is hardly poffible to exprefs with what eager ad¬ 
miration and delight they were everywhere received.— 

They eminently pofTeffed all thofe qualities which the 
mofl invariably contribute to render any literary work 
quickly and permanently popular. They were written 
in a phrafeology, of which all the powers were univer- 
fally felt ; and which being at once antique, familiar, 
and now. rarely written, was hence fitted to ferve all 
the dignified and pidurefque ufes of poetry, without 

making it unintelligible. The imagery, the fentiments, 
were at once faithfully natural, and irrefiflibly impreflive 
and interefling. Thofe topics of fatire and fcandal in 

which the ruftic delights ; that humorous imitation of 
chara&er, and that witty affociation of ideas familiar, 
and finking, yet not naturally allied to one another, 

which has force to fhake his fides with laughter; thofe 
fancies of fuperflition, at which he Hill wonders and 

trembles; thofe affe&ing fentiments and images of true 
religion, which are at once dear and awful to his heart 

—were all reprefented by Burns with all a poet’s magic 
power. Old and young, high and low, grave and gay, 
learned or ignorant, all were alike delighted, agitated, 
tranfported. 

In the mean time, fome few copies of thefe fafcina- 
tmg poems found their way to Edinburgh; and having 
been read to Dr Blacklock, they obtained his warmefl 
approbation. In the beginning of the winter 1786-7 
Burns went to Edinburgh, where he was received by 
Dr Blacklock with the mofl flattering kindnefs, and 
introduced to every man of generofity and tafle among 
that good man’s friends. Multitudes now vied with 
each other in patronizing the ruftic poet. Thofe who 

pofTeffed at once true tafle and ardent philanthropy 
were foon earneflly united in his praife : they who were 
difpofed to favour any good thing belonging to Scot¬ 
land, purely becaufe it was Scottifh, gladly joined the 
cry ; thofe .who had hearts and underftanding to be 

charmed, without knowing why, when they faw their 
native cuftoms, manners, and language, made the fub- 

jefts and the materials of poefy, could not fupprefs that 
voice of feeling which ftruggled to declare itfelf for 
Burns : for the diflipated, the licentious, the malignant 

wits, and the freethinkers, he was fo unfortunate as to 
Suppl. Vol. I. Part. I. 
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fome fort, have fatire, and obfcenity, and ridicule of things facred, 

fufficient to captivate their fancies ; even for the pious ' 

he had paffages in which the infpired language of de¬ 
votion might feem to come mended from his pen. 

. T hus did Burns, ere he had been many weeks in E- 

dinburgh, find himfelf the objed of univerfal curiofity, 
favour, admiration, and fondnefs. He was fought after, 

courted with attentions the mofl refpedful and aftidu- 
ous, feafted, flattered, careffed, treated by all ranks as 
the firfl boaft of his country, whom it was fcarcely pof¬ 

fible to honour and reward to a degree equal to his 
merits. In companion with the general favour which, 
now promifed to more than crown his mofl fanguine 
hopes, it could hardly be called praife at all which he 
had obtained in Aiifliire. 

# In this pofture of our poet’s affairs a new edition of 
his poems was earneflly called for. He fold the copy¬ 
right for one hundred pounds ; but his friends at the 
fame time fuggefled, and adively promoted, a fubfcrip¬ 

tion for an edition, to be publifhed for the benefit of 
the author, ere the bookfeller’s right fhould commence. 
Thofe gentlemen who had formerly entertained the pub¬ 

lic of Edinburgh with the periodical publication of the 
papers of the Mirror, having again combined their ta¬ 
lents in producing the Lounger, were at this time about 

to conclude this.lall feries of papers; yet before the 
Lounger relinquifhed his pen, he dedicated a number to 

a commendatory criticifm of the poems of the Airfhire 
bard. 

The fubfcription-papers were rapidly filled; and it 
was fuppofed that the poet might derive from the fub¬ 
fcription and the fale of his copy-right a clear profit of 
at leaft 700 pounds. 

The converfation of even the mofl eminent authors 
is often found to be fo unequal to the fame of their 

writings, that he who reads with admiration can liften 
with none but fentiments of the mofl profound contempt. 
But the converfation of Burns was, in companion with 

Burrs. 

the formal and exterior circumftances of his education, 
perhaps even more wonderful than his poetry. He af- 

feded 110 foft air or graceful motions of politenefs, 
which might have ill accorded with the ruftic plainnefs 
of his native manners. Confcious fuperiority of mind 
taught him to affociate with the great, the learned, and 
the gay, without being overawed into any fuch bafhful- 
nefs as might have made him confufed in thought, or 
hefitating in elocution. He poffeifed withal an extra¬ 
ordinary fhare of plain common fenfe or mother-wit, 
which prevented him from obtruding upon perfons, of 
whatever rank with whom lie was admitted to converfe, 
any of thofe effufions of vanity, envy, or felf-conceit, in 
which authors are exceedingly apt to indulge, who have 
lived remote from the general pradiceof life, and whole 
minds have been almoft exclufively confined to contem¬ 
plate their own ftudies and their own works. In con¬ 

vention he difplayed a fort of intuitive quicknefs and 
redlitiide of judgment upon every fubjed that arofe. 

Hie fenfibility of his heart, and the vivacity of his fan¬ 
cy’ gave a rich colouring to whatever reafoning he was 
difpofed to advance ; and his language in converfation 
was not at all lefs happy than in his writings. For 

thde reafons, thofe who had met andconverfed with him 
once,.were pleafed to meet and to converfe with him 
again and again. 

For fome time he converfed only with the virtuous, 

T the 
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his illnefs, he was recommended with effe& to the com- 
mifiioners of excife ; and Patrick Millar, Efq. of Dal- 
fwinton, deceived, like Burns himfelf and Burns’s other 
friends, into an idea that the poet and excifeman might 
yet be refpeaable and happy as a farmer, generoufly 
propofed to eftablilh him in a farm, upon conditions of 

leafe which prudence and induftry might eafily render 
exceedingly advantageous. Burns eagerly accepted the 

offers of this benevolent patron. I wo of the poet s 
friends from Airfhire were invited to furvey that farm 
in Dumfriesfhire which Mr Millar offered. A leafe 
was granted to the poetical farmer at that annual rent 
which his own friends declared that the due cultivation 

of his farm might eafily enable him to pay. What yet 
remained of the profits of his publication was laid out 
in the purchafe of farm-flock ; and Mr Millar might, 
for fome fhort time, pleafe himfelf with the perfuafioiv 
that he had approved himfelf the liberal patron of ge¬ 
nius ; had acquired a good tenant upon his eflate ; and 
had placed a deferving man in the very fituation in 

which alone he himfelf defired to be placed, in order to* 

"be happy to his wifhes. # 
Burns, with his Jane, whom he now married, took- 

up their refidence upon his farm. *1 lie neighbouring 
farmers and gentlemen, pleafed to obtain for an inmate 
among them the poet by whoie works they had been 
delighted, kindly fought his company, and invited him 
to their houfes. He found an inexprefiible charm in 

fitting down befide his wife, at his own firefide ; in 
wandering over his own grounds; in once more putting 
his hand to the fpade and the plough ; in forming his 
enclofures, and managing his cattle. For fome months 

he felt almoft all that felicity which fancy had taught 
him to expeft in his new fituation. He had been for 
a time idle ; but his mufcles were -not yet unbraced for 
rural toil. He now feemed to find a joy in being the 
huffiand of the miltrefs of his affeftions,. in feeing him¬ 

felf the father of her children, fuch as might promife to 
attach him for ever to that modeft, humble, and domef- 
tic life, in which alone he could hope to be permanent¬ 
ly happy. Even his engagements in the fervice of the 

excife did not, at the very firft, threaten neceffarily to 
debafe him by affociation with the mean, the grofs, and 

the profligate, to contaminate the poet, or to ruin the 

farmer. 
But it could not be : it was not pofiible ior Burns 

now to afTume that fobernefs of fancy and paffions, that 
fedatenefs of feeling, thofe habits of earnell attention to 

grofs and vulgar cares, without which fuccefs in his new 
fituation was not to be expefted. A thoufand difficul¬ 

ties were to be encountered and overcome, much money 

was to be expended, much weary toil was to be exer- 
cifed, before his farm could be brought into a flate of 
cultivation in which its produce might enrich the oc¬ 
cupier. This was not a profpeA encouraging to a man 
who had never loved labour, and who was at this time 
certainly not at all difpofed to enter into agriculture 
with the enthufiafm of a projeftor. The bufinefs of the 

excife too, as he began to be more and more employed 
in it, diftrafted his mind from the care of his farm, led 

rs and iimple toils ot undiliipated rural me. him into grofs and vulgar Society, and expofed him to 
In this temper of Burns’s mind, in this ftate of his - many unavoidable temptations to drunken excefs. C 

fortune, a farm and the excife were the objeas upon 'as he had no longer fuffic.ent fortitude to A Am J 
which his choice ultimately fixed for future employment the anxieties, diftraftions, an e ucemen s w c 

and fupport. By the furgeon who attended him during arofe to him, home became mfenfibly le ^ 

Burn., the learned, and the wife ; and the purity of his morals 
—v-'remained uncontaminated. But, alas .he fell, as otheis 

have fallen in fimilar circumllances. He fuffered him¬ 
felf to be furrounded by a race of miferable beings, who 
were proud to tell that they had been in company with 
Burns, and had feen Burns as loofe and as foolilh as 
themfelves. He was not-yet irrecoverably loft to tem¬ 
perance and moderation ; but he was already almoit 
too much captivated with their wanton revels, to be 
ever more won back to a faithful attachment to then- 
more fober charms. He now alfo began to contract 
fomething of new arrogance in convention. Accul- 
tomed to be among his favourite alTociates what is vul¬ 

garly but expreffively called the cock cj the company, he 
could fcarcely refrain from indulging in fimilar freedom 

and diftatorial decifion of talk, even m the prefence ot 

perfons who could lefs patiently endure bis prefump- 

tion. . , 
The fubfcription-edition of his poems, in the mean 

time, appeared; and although not enlarged beyond that 

which came from the Kilmarnock prefs by any new 
pieces of eminent merit, did not fail to give entire fa- 

tisfaftion to the fuhfcribers. He was now to dole ac¬ 
counts with his bookfeller and liis printer, to retire to 

the country with his profits in his pocket, and to fix 
upon a plan for his future life. He talked loudly of 
independence of fpirit and fimplicity of manners, and 
boafted his refolution to return to the plough ; yet ftill 
he lingered in Edinburgh, week after week, and month 

after month, perhaps expe&ing that one or other of his 
noble patrons might procure him fome permanent and 
competent annual income, which fhould fet himabove 

all neceffity of future exertions to earn for himfelf the 
means of fubfiftence; perhaps unconfcioufly reludant to 

quit the pleafures of that voluptuous town-life to which 

he had for fome time too willingly accuftomed himfelt. 
An accidental diflocation or fra&ure of an arm or a leg 
confining him for fome weeks to his apartment, left him 

during this time leifure for ferious refle&ion ; and he 
determined to retire from the town without longer de¬ 

lay. None of all his patrons interpofed to divert him 
from his purpofe of returning to the plough, by the of¬ 
fer of any fmall penfion, or any finecure place of mode¬ 
rate emolument, fuch as might have given him.compe¬ 
tence without withdrawing him from his poetical ltu- 

dies. It feemed to be forgotten that a ploughman thus 
exalted into a man of letters was unfitted for his for¬ 
mer toils, without being regularly qualified to enter the 

career of any new profeffion ; and that it became in¬ 
cumbent upon thofe patrons who had called him.from 
the plough, not merely to make him their companion in 

the hour of riot, not fimply to fill his purfe with gold 
for a few tranfient expences, but to fecure him as far 
as was pofiible from being ever overwhelmed in diftrefs in 
confequence of the favour which they had Ihown him, 
and of the habits of life into which they had feduced 
him. Perhaps indeed the fame delufion of fancy be¬ 
trayed both Burns and his patrons into the miftaken 
idea, that, after all which had palled, it was ftill pofiible 
for him to return in cheerful content to the homely 

joys and fimple toils of undifiipated rural life. 

Burn*. 
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Bum*, fing * even the endearments of his Jane’s affe&ion be- 

gan to lofe their hold on his heart ; he became every 

day lefs and lefs unwilling to forget in riot thofe ga¬ 
thering forrows which he knew not to fubdue. 

Mr Millar and fome others of his friends would glad¬ 
ly have exerted an influence over his mind which might 
have preferved him in this fituation of his affairs, equally 

from defpondency and from difiipation ; but Burns’s 
temper fpurned all controul from his fuperiors in for¬ 
tune. He refented, as an arrogant encroachment upon 
his independence, that tenor’ of conduct by which Mr 

Millar wifhed to turn him from diffolutc conviviality, 
to that deady attention to the bufinefs of his farm, 

without which it was impofiible to thrive in it. His 
croffes and difappointments drove him every day more 
and more into difiipation ; and this difiipation tended to 

enhance whatever was difagreeable and perplexing in 
the date of his affairs. He funk, by degrees, into the 
boon companion of mere excifemen ; and alinod every 

drunken fellow, who was willing to fpend his money la- 
vifiily in the alehoufe, could eafily command the com¬ 
pany of Burns. The care of his farm was thus neglect¬ 
ed ; wade and lodes wholly confumed his little capital; 
he refigned his leafe into the hands of his landlord; and 
retired, with his family, to the town of Dumfries, de¬ 
termining to depend entirely for the means of future 
fupport upon his income as an excife-ofiicer. 

Yet during this unfortunate period of his life, which 
paffed between his departure from Edinburgh to fettle in 
Dumfriesfhire, and his leaving the country, in order to 
take up his refidence in the town of Dumfries, the ener¬ 

gy and aClivity of his intellectual powers appeared to 
have been not at all impaired* In a collection of Scot- 
tifh fongs, which were publiflied (the words with the 
mafic) by Mr Johnfon, engraver in Edinburgh, in 4 
vols Svo, Burns, in many indances, accommodated new 
verfes to the old tunes with admirable felicity and fkill. 
He adided in the temporary inditution of a fmall fub- 
feription library, for the ufe of a number of the well- 

difpofed peafants in his neighbourhood. He readily 
aided, and by his knowledge of genuine Scottifh plira- 
feology and manners greatly enlightened, the antiqua¬ 
rian refearches of the late ingenious Captain Grofe. 
He dill carried on an epidolary correfpondence, fome- 
times gay, fportive, humorous, but always enlivened 
by bright flafhes of genius, with a number of his old 
friends, and on a very wide diverfity of topics. At 
times, as it diould feera from his writings of this period, 
lie reflected, with inexprefiible heart-bitternefs, on the 
high hopes from which he had fallen ; on the errors of 
moral conduCl into which he had been hurried by the 
ardour of his foul, and in fome meafure by the very ge- 
ncrofity of his nature; on the difgrace and wretchednefs 
into which he faw himfelf .rapidly linking ; on the for- 

row with which his mifconduCt oppreffed the heart of 
his Jane ; on the want and deditute mifery in which it 

feemed probable that he mud leave her and their in¬ 
fants ; nor amidd thefe agonizing reflections did he fail 

to look, with an indignation half invidious, half con¬ 
temptuous, on thofe who, with moral habits not more 

excellent than his, with powers of intelled far inferior, 
yet balked in the fun-fhine of fortune, and were loaded 
with the wealth and honours of the world, while his 
follies could not obtain pardon, nor his wants an ho¬ 

nourable fupply. His wit became from this time more 
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gloomily farcadic ; and his converfation and writings 
began to affume fomething of a tone of mifantliropical 
malignity, by which they had not been before, in any 

eminent degree, didinguiflied. But with all thefe fail- 
ings, he was dill that exalted mind which had raifed 
itfelf above the deprefiion of its original condition : 
with all the energy of the lion, pawing to fet free his 

hinder limbs from the yet encumbering earth, he dill 
appeared not lefs than archangel ruined l 

His morals were not mended by his removal from 
the country. In Dumfries his difiipation became dill 
more deeply habitual; he was here more expofed than 
in the country to be folicited to fhare .the riot of the 
didolute and the idle : foolifh young men flocked eager¬ 
ly about him, and from time to time prefled him to 

drink with them, that they might enjoy his wicked wit. 
The Caledonian Club, too, and the Dumfriesfhire and 
Galloway Hunt, had occafional meetings in Dumfries 
after Burns went to refide there, and the poet was of 

courfe invited to fhare their conviviality, and hefitated 
not to accept the invitation. 

In the intervals between his different fits of intem¬ 
perance, lie differed dill the keened anguifh of remorfe, 
and horribly affii&ive forefight. His Jane dill behaved 

with a degree of maternal and conjugal tendernefs and 
prudence, which made him feel more bitterly the evil of 

his mifconduCt, although they could not reclaim him. 
At lad crippled, emaciated, having the very power of 

animation waded by difeafe, quite broken-hearted by 
the fenfe of his errors, and of the hopelefs iniieries in 
which he faw himfelf and his family depreffed ; with 
his foul dill tremblingly alive to the fenfe of fhame, aAd 

to the love of virtue; yet even in the lad fceblenefs, 
and amid the lad agonies of expiring life, yielding rea¬ 
dily to any temptation that offered the femblance of in¬ 
temperate enjoyment, he died at Dumfries, in the fum- 
mer of 1^96, while he was yet three or four years un¬ 
der the age of forty, furnifhing a melancholy proof of 
the danger of fuddenly elevating even the greated mind 
above its original level. 

After his death, it quickly appeared that his failings 

had not effaced from the minds of his more refpe&able 
acquaintance either the regard which had once been 
won by his focial qualities, or the reverence due to his 
intelleClual talents. Fhe circutndances of want in which 
he left his family were noticed by the gentlemen of 
Dumfries with earned commiferation. His funeral was 
celebrated by the care of his friends with a decent fo- 
lemnity, and with a numerous attendance of mourners, 
fufliciently honourable to his memory. Several copies 

of verfes were inferted in different newfpapers upon the 
occafion of his death. A contribution, by fubfenption, 
was propofed, for the purpofe of raifing a fmall fund, 

for the decent fupport of his widow, and the education 
of his infant children. 

From the preceding detail of the particulars of this 
poet’s life, the reader will naturally and judly infer him 
to have been an honed, proud, warm-hearted man ; of 
high paffions and found underdanding, and a vigorous 
and excurfive imagination. He was never known to 

defeend to any a& of deliberate meannefs. In Dum¬ 

fries he retained many refpeClable friends even to the 
lad ; and it may be doubted whether any poet of the 

prefent age has exercifed a greater power over the 

minds of his readers. Burns has not failed to command 

T z one 
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Burram- one remarkable fort of homage, fuch as is never paid 
pooter, to great original genius ; a crowd of poetaders 

Butter' , ftarted up to imitate him, by writing verfes as he had 
done in the Scottiih dialed* *, but, 0 imitatores ! fervum 
pec.us ! To write rugged rhimes, in antiquated phrafe, is 

not to imitate the poetry of Burns. 
BURRAMPOOTER. See Sandtu, Encycl. . 
BUTTER is a fubdance fo well known, that it is 

reedlefs to give here any definition of it ; but as it is, 
in this country at lead, fo general an article of food, that 
the proper methods of making and curing it have en¬ 
gaged the attention of fome of our abled writers on 
agriculture, in addition to what has been faid on thefe 

fubjedts under the titles Butter and Dairy {Encycl.) 
our readers will probably be pleafed with the following 
method of curing it, which is pradfifed by fome farmers 
in the parifh of Udney, in the county of Aberdeen, 
and gives to their butter a great fuperiority above that 

of their neighbours. 
Take two parts of the bed common fait, one part of 

fugar, and one part of faltpetre; beat them up together, 
and blend the whole completely. Take one ounce of 
this compofition for every 16 ounces of butter, work it 

well into the mafs, and clofe it up for ufe. 
Dr James Anderfon, from whofe View of the Agri¬ 

culture of the County of Aberdeen this receipt .is taken, 

fays, that he knows of no limple improvement in eco¬ 
nomics greater than this is, when compared with the 
ufual mode of curing butter by means of common fait 
alone. “ I have feen (continues he) the experiment 
fairly made, of one part of the butter made at one time 
being thus cured, and the other part cured with fait 
alone : the difference was inconceivable. I fhould fup- 
pofe that, in any open market, the one would fell for 

30 per cent. more than the other. The butter cured 
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with tiie mixture appears of a rich marrowy confidence Butter, 
and fine colour, and never acquires a brittle hardnefs l~~v— 
nor tades fait; the other is comparatively hard and 
brittle, approaching more nearly to the appearance of 
tallow, and is much falter to the tade. I have ate but¬ 
ter cured with the above compofition that had been 

kept three years, and it was as fweet as at fird ; but it 
mud be noted, that butter thus cured requires to dand 
three weeks or a month before it is begun to be ufed. 

If it be fooner opened, the falts are not fufficiently 
blended with it; and fomefimes the coolnefs of the nitre 

will then be perceived, which totally difappears after¬ 

wards.” 
The following obfervations refpe&ing the proper me¬ 

thod of keeping both milk and butter are by the fame 
author, and.we trud may prove ufeful. Speaking dill 

of the county of Aberdeen, he fays, “ The pernicious 
pra&ice of keeping milk in leaden veffels, and fading 
butter in done jars, begins to gain ground among fome 

of the fine ladies in this county, as well as elfewhere, 
from an idea of cleanlinefs. The fa6l is, it is jud the 
reverfe of cleanlinefs; for in the hands of a careful per- 
fon nothing can be more cleanly than wooden difhes, 

but under the management of a flattern they difeover 
the fecret which done difhes indeed do not. 

“ In return, thefe latter communicate to the butter 
and the milk, which has been kept in them, a poifon- 
ous quality, which inevitably proves dedru£tive to the 
human conditution. To the prevalence of this prac¬ 
tice I have no doubt we mud attribute the frequency 
of palfies, which begin to prevail fo much in this king¬ 
dom; for the well known effedl of the poifon of.lead is 

bodily debility, palfy—death !” 

BYSAK, the fird month of the Bengal year, begin* 

ning in April. 

C. 

CAFFRES, the inhabitants of Caffraria, are gene¬ 

rally confounded with the Hottentots; but, ac¬ 

cording to M. Vaillant, there is a confiderable diffe¬ 

rence between the manners, cudoms, and even appear¬ 

ance of thefe two nations. 
The Cadres, fays he, are generally taller than the 

Hottentots, more robud, more fierce, and much bolder. 
Their figure is likewife more agreeable, and their coun¬ 
tenances have not that narrownefs at the bottom, nor 
their cheeks thofe prominences, which are fo difagree- 
able among the Hottentots. A round figure, a nofe 
not too dat, a broad forehead, and large eyes, give them 
an open and lively air ; and if prejudice can overlook 
the colour of the fkin, there are fome Caffre women 
who, even in Europe, would be accounted pretty. 

Thefe people do not make their faces ridiculous, by pul¬ 
ling out their eye brows like the Hottentots; they tat¬ 

too themfelves much* and particularly their bodies; 

their hair, which is frizzled very much, is never greafed, 
but their bodies are liberally anointed, merely with a < —, 

view to preferve their vigour and agility. 
The men generally bedow more attention on their 

drefs than the women, and are remarkably fond of beads 
and copper rings. The women wear hardly any of the 

ornaments in which the other favages in Africa take 
fuch delight. They do not even wear copper brace¬ 
lets ; but their fmall aprons, which are dill fhorter than 
thofe of the Hottentots, are bordered with a few rows 

of glafs beads; and in this all their luxury confids. It 
would appear that the Caffres are not fo chade as the 

Hottentots, becaufe the men do not ufe a jackal to vail 
what nature teaches other men, even favages, to con¬ 

ceal. A fmall cowl, which covers only the glans, in¬ 
dead of difplaying modedy, feems to announce the 

greateft indecency. This fmall covering adheres to a 
thong, which is fattened round their girdles, merely 
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Caffres. that it may not be loft; for a Caffre, if he be not afraid 
of being hurt or ftung by infe&s, cares very little whe¬ 

ther his cowl be in its place or not. Our author faw 

one Caffre who, inftead of a cowl, wore a cafe made of 

wood, and ornamented with fculpture. This was a new 
and ridiculous fafhion, which he had borrowed from a 

nation of black people who lived at a great diftance 
from Caffraria. 

In the hot feafon the Caffres go always naked, and 
retain nothing but their ornaments. In cold weather 
they wear kroffes made of calves or oxen hides, which 
reach down to the ground ; but whatever the weather 

be, both fexes go bare-headed, except that they fome- 

times, though rarely, fix a plume of feathers in- their 
hair. 

The Caffre huts are more fpacious and higher than 
thofe of the Hottentots, and have alfo a more regular 
form. The frames of them are conftru&ed of wooden 
work, well put together, and very folid, being intend¬ 
ed to laft for a long time: for the Caffres, applying to 
agriculture, which the free Hottentots do not, remain 

fixed to one fpot, unlefs fomething unexpected inter¬ 
rupt their repofe. 

A more perceptible induftry, an acquaintance with 
fome of the moft neceffary arts of life, a little know¬ 
ledge of agriculture, and a few religious dogmas, feem 
to announce that the Caffres approach much nearer to 

civilization than the Hottentots. They entertain a to¬ 
lerably exalted idea of the Supreme Being and his 

power; they believe that the good will be rewarded, 
and the wicked punifhed, in a future ftate ; but they 
have no notion of creation, which indeed was not ad¬ 
mitted by the fages of Greece and Rome. They prac- 
tife circumcifion, but can give no account of its origin 

among them, or of the purpofe for which the pra&ice is 
continued. 

Polygamy is ufed among the Caffres ; and on the 
death of a father the male children and their mothers 
ftiare the fucceflion among them. The girls remain 

with their mothers without property of any kind until 
they can procure hulbands. One very fingular cuftom 
of the Caffre9 is, that they do not, in general, inter 
their dead, but tranfport them from the kraal to an 
open ditch, which is common to the whole horde. At 
.this ditch favage animals feed at their leifure on the 
multitude of carcafes which are heaped together. Fu¬ 
neral honours are due only to kings, and the chiefs of 
each horde, whofe bodies are covered with a heap of 
ftones collected into the form of a dome. 

This nation is governed by a general, chief, or kino-, 
whofe power is very limited. He appoints, however, 
the fubordinate chiefs over the different hordes, and 
through them communicates his dire&ions or orders. 
The arms of the Caffre are a club, two feet and a half in 

length, and where thickeft three inches in diameter, and 
a plain lance or ajfagey. He defpifes poifoned arrows,, 

which are fo much ufed by fome of the neighbouring 

nations ; and with his two fimple weapons feeks always 
to meet his enemy face to face in the field. The Hot¬ 
tentot, on the contrary,, concealed under a rock or be¬ 

hind a bufti, deals out deftru&ion, without being expo- 
fed to danger. The one is a< perfidious tyger, which 

rufhes treacheroufly on his prey; the other is a gene¬ 

rous lion, which, haying given warning of his approach, 

makes his attack boldly, and perifiies if he prevail not 
againft his antagonift, 

CALCULUS, in mathematics, denotes a certain 
way of performing inveftigations and refolutions, which 

occur on many occafions, particularly in mechanical phi- 
lofophy. Thus we fay, the antecedental calculus, the 
algebraical calculus, the arithmetical calculus, the diffe¬ 

rential calculus, the exponential calculus, the jluxional 
calculus, and the integral calculus. Of by much the 
greater part of thefe calculi fome account has been given 

in the Encyclopaedia Britannica ; but there is one of 
them, of which no notice has been taken in that work. 
It is, 

'The Antecedental Calculus, a geometrical method of 
reafoning, without any confideration of motion or ve¬ 
locity, applicable to every purpofe to which the much 

celebrated do&rine of fluxions of the illuftrious Newton 
has been, or can be, applied. This method was in¬ 

vented by James Glenie, Efq; “ in which (he fays), 
every expreftion is truly and ftridlly geometrical, is 

founded on principles frequently made ufe of by the 

ancient geometers, principles admitted into the very firft 
elements of geometry, and repeatedly ufed by Euclid 

himfelf. As it is a branch of general geometrical pro¬ 
portion, or univerfal comparifon, and is derived from an 

examination of the antecedents of ratios, having given 
confequents and a given ftandard of comparifon in the 

various degrees of augmentation and diminution they 
undergo by compofition and decompofition, 1 have call¬ 

ed it the antecedental calculus. As it is purely geo¬ 

metrical, and perfe&ly fcientific, I have, fmee ft ft rib 
occurred to me in 1779, always made ufe of it inftead 

of the fluxionary and differential calculi, which are 
merely arithmetical. Its principles are totally uncon- 
ne&ed with the ideas of motion and time, which, ftrift- 
ly fpeaking, are foreign to pure geometry and abftr^t 

fcience, though, in mixed mathematics and natural phi- 
lofophy, they are equally applicable to every invertiga- 
tion, involving the confideration of either with the two 

numerical methods juft mentioned. And as many fuel* 

inveftigations require compofitions and decompofition3. 
of ratios, extending greatly beyond the triplicate and. 
fubtnplicate, this calculus in all of them furnifhes every 
exprefiion in a ftricbly geometrical form. The itan- 
dards of comparifon in it may be any magnitudes what¬ 
ever, and are of courfe indefinite and innumerable ; and 
the confequents of the ratios, compounded or decom¬ 
pounded, may be either equal or unequal, homogeneous 
or heterogeneous. In the fluxionary and differentiaL 
methods, on the other hand, 1, or unit, is not only the 
ftandard of comparifon, but alfo the confequent of eve¬ 
ry ratio compounded or decompounded.” 

# This method is deduced immediately from Mr Gle- 
nie’s Treatife 011 the Do&rine of Univerfal Comparifon 
or General Proportion : And, as the limits of the pre- 

tent work will not allow.us to enter upon this fubjed,, 
we therefore refer our readers to the two above men¬ 

tioned treatifes, and to the fourth volume of the Tranf- 
adbions of,the Royal Society of Edinburgh. 

We confefs, however,. that .we do, not expe& fuch 
great advantage from the employment of this calculus 

as the very acute and ingenious author feem3 to promife 
from it. 'I he mathematical world is truly indebted to 

him for the clear and diferiminating,. view that he has 

taken- 
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Cakulup. taken of the do61 line of univerfal comparifon 

Y~~ believe it to be perfe&ly accurate, and in fome refpe&s 
new. Notwithftanding the continual occupation of ma¬ 

thematicians with ratios and analogies, their particular 
objedls commonly reftrifted their manner of conceiving 

ratio to fome prefent modification of it. Hence it feems 
to have happened that their conceptions of it as a mag¬ 
nitude have not been uniform. But Mr Glenie, by 
avoiding every peculiarity, lias at once attributed to it 

all the meafurable affedlions of magnitude, addition or 
fubtradtion, multiplication or divifion, and ratio or pro¬ 

portion. He is perhaps the firft who has roundly con- 
lidered ratio or proportion as an affedlion of ratio ; 

and it is chiefly by the employment of this undoubted 
affection of ratio that he has rendered the geometrical 

analyfis fo comprehenfive. 
But when we view this antecedental calculus, not as 

a method of expreffing mathematical fcience, but as an 

art, as a calculus in fhort, and conlider the means which 
it muft employ, and the notation which muft be ufed, 
we become lefs fanguine in our hopes of advantage from 
it. The notation cannot (vve think) be more fimple 

than that of the fluxionary method, juftly called arith¬ 
metical; and if we infift on carrying clear conceptions 
along with us, we imagine that the arithmetical expofi- 

tion of our fymbols will generally be the Ampler of the 
two. Tliz fcience of the antecedental calculus feems to 
confift in the attainable perception of all the fimple ra¬ 
tios, whether of magnitudes or ratios, or both, which 

concur to the formation of a compound and complica¬ 
ted ratio. Now this is equally, and more eafily attain¬ 
able in the fluxionary or other arithmetical method, 
when the confequent is a fimple magnitude. When it is 

not, the fame procefs is farther necefiary in both me¬ 

thods, for getting rid of its complication. 
We apprehend that it is a miftake that the geome¬ 

trical method is more abltradled than the fluxionary, 

becaufe the latter fuperadds to the notion of extenfion 

the notions of time and motion. Thefe notions were 
introduced by the illuftrious inventor for the demonjlra- 

tiony but never occupy the thoughts in the ufe of his 
propofitions. Thefe are geometrical truths, no matter 
how demonftrated ; and when duly confidered, involve 
nothing that is omitted in the antecedental calculus. 

We even prefume to fay, that the complication of 
thought, in the contemplation of the ratios of ratios, is 

greater than what will generally arife from the addi¬ 

tional elements, time and motion. 
We do not find that any of our mo A a6tive mathe¬ 

maticians have availed themfelves of the advantages of 
this calculus, nor do we know any fpecimen that has 
been exhibited of its eminent advantages in mathemati¬ 
cal difcuffions. Should it prove more fertile in geome¬ 
trical expreffions of highly compounded or complicated 

quantities or relations, we ffiould think it a mighty ac- 
quifition ; being fully convinced that thefe afford to the 
memory or imagination an obje6t (we may call it a fen- 
fible pidlure) which it can contemplate and remember 
with incomparably greater clearnefs and fteadinefs than 
any algebraical formula. We need only appeal to the 
geometrical expreffions of many fluents, which are to 
be feen in Newton’s lunar theory, in the phyfical tradls 
of Dr Matthew Stewart, and others who have fhewn a 
partiality for this method. 

It would be very prefumptuous, however, for us to 
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and vve fay, that the accurate geometer and metaphyfiefan may 

not derive great advantages from profecuting the very 
ingenious and recondite fpeculations of Mr Glenie, in 

his do6lrine of univerfal comparifon. 
CALENDAR, in chronology. See (Encycl.) Ka- 

lendar ; and Revolution, n° 184. 

CALIPPIC period, in chronology, a period of 76 

y^ears, continually recurring; at every repetition of 
which, it was fuppofed by its inventor Calippus, an A- 
thenian aftronomer, that the mean and new full moons 

would always return to the fame day and hour. 
About a century before, the golden number, or cy¬ 

cle of 19 years, had been invented by Meton ; which 
Calippus finding to contain 19 of- Nabonaffar’s year, 

4 days, and to avoid fra&ions he quadrupled it, 

and fo produced his period of 76 years, or 4 times 19 ; 
after which he fuppofed all the lunations, &c. would re¬ 

gularly return to the fame hour. But neither is this 

exad, as it brings them too late by a whole day in 225 

years. 
CALLAO, as it is called by its inhabitants, but 

more generally known to Europeans under the name of 

Campello, is a fmall iTland, which was vifited by fome 
of Lord Macartney’s fuite on their voyage to China. 
In confequenctf of that vifit, we have the following de- 

feription of it in Sir George Staunton’s Account of 
the Embafly. 

“ It lies oppofite to, and about eight miles to the 
eaftward of, the mouth of a confiderable river on the 

coaft of Cochin-china, on the banks of which is fituated 
the town of Fai-foo, a place of fome note, not far from 
the harbour of Turon. The bearing of the highefl 
peak of Callao from this harbour is about foutli-eaft, 

diftance thirty miles. The extreme points of the ffland 

lie in latitude 15° 53', and t50 57' north ; the greatefl 
length is from north-weft to fouth-eaft, and is fomewhat 

about five miles, and the mean breadth two miles. The 
only inhabited part is on the foutli-weft coaft, on a flip 
of ground rifing gently to the eaft, and contained be¬ 
tween the bottom of a femilunar bay and the mountains 

on each fide of it. Thofe mountains, at a diftance, ap¬ 
pear as if they formed two diftin6t iflands. The fouth- 
ern mountain is the higheft, and is about 1500 feet. 
The lower grounds contain about 200 acres. This 

fmall but enchanting fpot is beautifully diverfified with 
neat houfes, temples, clumps of trees, fmall hillocks 
fwelling from the plain, and richly decorated with 
fhrubbery and trees of various kinds ; among which the 

elegant areca, rifing like a Corinthian column, is emi¬ 
nently confpicuous. A rill of clear water, oozing from 

the mountains, is contrived to be carried along the up¬ 

per ridges of the vale, from whence it is oceafionally 
conveyed through fluices, for the purpofe of watering the 

rice grounds, and appeared, though then in the dry fea- 

fon, fully fufficient for every purpofe for which it could 

be wanted. 
« The houfes, in general, were clean and decent; a 

few were built with (tone, and covered with tiles. One, 
probably the manfion of the chief perfon of the ifland, 

was enclofed by a ftone wall, and the appoach to it 
was through a gateway between two ftone pillars. The 
houfe was divided into a number of apartments, of 
which the arrangement did not feem to want either 
tafle or convenience. This building flood at the head 

of the principal village, which confifted of about^ thirty 
habitations 
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Callao, habitations built of wood, chiefly the bamboo. Behind 

—v-- the village, and on the fide of the hill, was a cave, ac- 
cefiible only by one way, through an irregular range of 
rocks. Within the cave, but near its mouth, was a 
fmall temple, commanding a view of the whole vale. 
Several other temples were difperfed over the plain, all 

of which were open in front, with a colonnade before 
them of round wooden pillars, painted red and varnifh- 
ed. The number of houfes on the ifland fcarcely ex¬ 

ceeded fixty. Behind every houfe, not immediately in 

the principal village, were enclofures of fugar-canes, to¬ 
bacco, and other vegetables, growing in great luxuri¬ 

ance. The mountains were covered with verdure, and 
feemed well calculated for rearing goats, of which the 
ifland produced a few. 

“ Beflde the principal bay, there were feveral fandy 
inlets, with fmall patches of level ground behind them. 
Boats might eafily land in any of thefe inlets; but a 
communication between them by land appeared to be 
exceedingly difficult, if not entirely prevented, by the 

fteep and rugged ridges which feparated them from each 
other. On this account very flight works, and an e- 

flablifhment of a few men only, would be requifite for 
the defence of the ifland, a great part of its coaft being 
impregnably fortified by nature. The depth of water 
in the bay and road was fufficient for fhips of any bur¬ 
den, and there was perfect fhelter from every wind ex¬ 
cept the fouth-weft, to which quarter it was direft^y 
open. The fhort diftance, however, from the conti¬ 

nent in that direction would always prevent the fea from 
rifing high, though it might not be Efficiently near to 
break the force of the wind.” 

The inhabitants of this ifland are fo exceedingly fhy 
and afraid of flrangers, that upon the approach of the 
Englifh veffel, they all, except a very few, retired on 

board their galleys. When the Britifli landed, therefore, 
they found the doors of all the houfes open, with feveral 
domeftic animals feeding before them, but neither man, 
woman, nor child within. After fome time, however, 

a perfon was perceived lurking among the neighbour¬ 
ing trees, who, finding he was obferved, came forward 
with relu&ance and evident marks of fear. While he 

was yet at fome diftance, he fell upon his knees, and 
touched the ground with his forehead feveral times. On 
approaching to him, it was noticed that the firft joint 
of every one of his fingers and toes was wanting, and 
as if twilled off by violence : it was poffible that he 
might have thus been treated by way of punifhment for 
fome crime, and that he was confidered as the fitted 
perfon to be expofed to the fuppofed danger of watch¬ 
ing the movements of the flrangers coming affiore. In 
a little time fome others, hidden in the thickets, find¬ 
ing that no mifehief was differed by the firfl:, ventured 
out. None of them could underfland the Chinefe inter¬ 
preter ; and not being able to read or write, there was 

no converfing with them by the medium of the Chinefe 

chara&ers. Recourfe was had to hieroglyphics, and 
rude figures were drawn of the articles which were pro- 
pofed to be purchafed ; and this method fucceeded to¬ 
lerably well ; poultry and fruits were brought for fale, 
for which high prices were given* purpofely to conci¬ 

liate the good will of thofe iflanders. The few that 
were found grew foon familiar; and one old man pref- 

fingly mvited the flrangers to his houfe, fituated upon 

an eminence, at a little diftance. On arriving there, 

he introduced them to his wife, an old woman, who, 

after recovering from her aftoriiflimcnt at the fight of 

figures fo different from thofe fhe had ever been accuf* 
tomed to behold, laid, in a neat manner, before them 

fome fruits, fugar, cakes, and water. On departing 

from the houfe, this decent and hofpitable couple made 
figns to teftify their defire of feeing them again.” 

The poffeflion of this ifland would be of fuch im¬ 
portance to any European nation who wifhed to trade 

fecurely with TuxG-quiN and Cochin china, that it is 
faid the French had formerly fome thoughts of purcha- 
fmg it. Sir George Staunton, however, is of opinion, 
that the want of fhelter in the fouth-wei'l monfoon would 
render it of little value, without a further fettlement 
near it upon the main land of Cochin-china : and he 

thinks, that if a folid eflablifhment there could be pro¬ 
ductive of advantage to any European nation, it would 

neceffarily be fo to Great Britain ; becaufe, befide the 
opening which it would make for the fale of Britifh 

manufactures among the people of the country, the Bri¬ 
tifh pofftffions in Hindoftan would be fure of a very 
conliderable demand for their productions. 

CAMEL, in navigation, is a machine which has 
been deferibed with fufficient accuracy in the Encyclo¬ 
paedia ; but the following account of its invention, given 
by Profeffor Beckmann, is perhaps not unworthy of a 
place in this Supplement. 

# “ I11 the Zuyder-Zee, oppofite to the mouth of the 
river Y, about fix miles from the city of Amfterdam, 

there are two fand banks, between which is a-paffage 
called the Pampus, which is fufficiently deep for fmall 
fhips, but not for fnch as are large or heavy laden. In 

1672 the Dutch contrived, however, to carry their nu. 
merous fleet through this paffage, by means of large 
empty chefls faflened to the bottom of each fhip ; and 

this contrivance gave rife to the invention of the camel.” 
In the Encyclopedia Britannica its invention is <dven 

to the famous De Wit ; in the German Cyclopaedia to 
Meyer a Dutch engineer of very confiderable eminence; 
but the Dutch writers, almoft unanimoufly, aferibe the 
invention of the camel to a citizen of Amfterdam, who 
calls himfelf Meeuves Meindertfoon Bakker. “ Some 

make the year of the invention to have been r688, and 

others 1690. Much has been faid of the utility of this 
invention ; but however beneficial it may be, we have 
reafon to fuppofe that fuch heavy veffels as fhips of war 
cannot be railed up, in fo violent a manner, without fuf- 
taining injury. A fure proof of this is the well known 

circumftance mentioned by Mufchenbroek (Introdufiio 
ad Philofoph. Natur.), that the ports of a fhip which 

had been raifed by the camel could not afterwards be 
{hut clofely.” 

CAMELEQN, one of the conftellations of the 
fouthern hemifphere, near the fouth pole, and invifible 
in our latitude. There are io ftars marked in this con- 
ftellation in Sharp’s catalogue. 

CAMELOPARD ALUS, a new conftellation of 
the northern hemifphere, formed by Hevelius, confift- 
ing of 32 ftars, firft obferved by him. It is fituated 

between Cepheus, Cafliopeia, Perfeus, the Two Bears,, 
and Draco ; and it contains 58 ftars in the Britifh ca- 
talogue. 

CAMELLIA, in botany (fee Encycl.), is a plant 
which the Chinefe call Chtz-whay or flower of tea, on 

account of the refemblance of the one to the other, and: 

bccaufe 

Camel 
II . 

Camellia. 
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Cemrbell. becaufc Its netals are fometimes mixed among the teas came neceffary. Then, for the firft time, he owned Campbell, 
- tQ {ncreafe their fragrance. Sir George Staunton, who the utility of medical men, and declared1 lus recantation v 

calls it Camellia Sefanqua, faw it fiouriffiing on the fides of the very mean opinion lie had formerly entertained 
and very high tops of mountains, where the foil con- of then? and their art. A few months before his death, 
filled of little more than fragments of done, crumbled in- he refigned his offices of principal, profefTor of divinity, 

to a fort of coarfe earth by the joint a&ion of the fun and and one of the city minillers, and was in all fucceeded 
rain It yields, he fays, a nut, from which is exprefied by Dr W. L. Brown, late of Utrecht, a man of dif¬ 
an cfculent oil, equal to the bell which comes from Flo- tingaifhed abilities. Dr Campbell retained all his fa- 
rence On this account, it is cultivated in vail abun- culties entire to the laft, and died on the 6th of April 
dance ; and is particularly valuable from the facility of 1796, in the 77th year of his age. His charader lias 

its culture in lituations fit for little elfe. been fo jullly drawn by his fucceffor, that we fhall give 
CAMPBELL (George, D. D.), fo jullly admired it to our readers in his words, adding only a circum- 

for his metaphyfical acutenefs and various erudition, was, fiance or two, which we have reafon to think will con- 
io 1719, born at Aberdeen, where his father, the reve- tribute to endear his memory to every liberal and en- 

rend Colin Campbell, was one of the minillers of the lightened mind. 
eftablifhed church. He was educated in his native city ; “ Dr Campbell, as a public. teacher, was long ad- 
and, after palling through the ufual courfe of acade- mired for the clearnefs and copioufnefs with which he 
mical learning, he iludied divinity under the Rev. J. illullrated the great dodrines and precepts of religion, 
Chalmers, profefTor of divinity in Marifehal College.— and the. (Length and energy with which he enforced 

He was, iii 1749, au unfuccefsful <>andidate for the them. Intimately perfuaded of the truth and infinite 
church of Fordown, though his competitor Mr For- confequence of what relevation teaches, he was ftrong- 

bes was a man of very (lender abilities, and fuppofed to ly defirous of carrying the fame convidion to the minds 
be attached to the conflitution and liturgy of the church of his hearers, and delivered his difeourfes with that 
of England. It might indeed be that attachment which zeal which flows from (Irong impreffions, and that 

contributed principally to procure him the living in pre- power of perfuafion which is the refult of fincerity of 
ference to Mr Campbell. heart, combined with clearnefs of underllanding. He 

The living of Fordown is in the gift of the crown ; was fatisfied, that the more the pure didates of the 
and it has generally been a rule with his majefty’s mi- gofpel were Iludied, the more they would approve 

1 fillers, to give fuch livings, when they become vacant, themfelves to the mind, and bring forth, in the affec- 
to thole candidates who are favoured by the majority tions and condud, all the peaceable fruits of righteouf- 
of land-owners in the pariffi. At the era of 1749, the nefs. The unadulterated didates of Chriftianity, lie 
land-owners in fome of the northern and middle coun- was, therefore, only tludious to recommend and in¬ 
dies of Scotland were more generally attached to the culcate, and knew perfedly to diferiminate them from 
conftitution of the church of England than to that of the inventions and traditions of men. His chief ftudy 
their own eftablifhment; and fuch was certainly the cafe ever was, to dired belief to the great objeds of pradice ; 
in the parilh of Fordown. and, without thefe, he viewed the moll orthodox pro- 

But whatever was the caufe of Mr Campbell’s failure, feffion as “ a founding brafs, and a tinkling cymbal.” 

lie failed by a very fmall number, and was not long But, befides the charader of a preacher of righteouf- 
without an eftablifhment. In 1750, he was prefented, nefs, he had alfo that of a teacher of the fcience of di- 
by Sir Thomas Burnet of Leys, to the living of Ban- vinity to fuftain. How admirably he difeharged this 
chary Ternan, on the Dee, about twenty miles weft duty, and with what effed he conveyed the founded 
from Aberdeen. From this he was tranllated, or, as and moll profitable inllrudion to the minds of his fcho- 
the Scotch ecclefiaftical phrafe is, tranfported to Aber- lars, let thofe declare who are now in various congre- 
deen in 1756, and nominated one of the city minillers, gations of this country, communicating to their fellow 
in the room of Mr John Bidet deceafed, a puritan of Chriftians the fruits of their ftudies under fo able and 

Jhe old fchool, whofe ftridnefs and peculiarities are yet judicious a teacher. Difcarding all attachment to hu- 
remembered by many in that place. man fyftems, merely confidered as fuch, he tied his faith 

In 1759, on the deceafe of principal Pollock, he was to the Word of God alone, pofiefied the liappieft ta- 

chofen principal of the Marifehal college, and fucceeded lent in inveftigating its meaning, and communicated to 
to the divinity chair in 1771, on Dr Alexander Ge- his hearers the refult of his own inquiries, with a pre- 

rard being tranllated to the profelTorfbip of divinity in cifion and perfpicuity which brought light out of ob- 
King’s college. Before his fettling in Aberdeen, he feurity, and rendered clear and Ample what appeared 

married Mil's Grace Farquharfon, daughter of Mr Far- intricate and perplexed. He expofed, without referve, 
quharfon of Whitehoufe, by whom he had no ilfue. the corruptions which ignorance, craft, and hypocrify, 
This amiable woman died about a year before him. had introduced into religion, and applied his talent for 
They were an eminent pattern of conjugal affedlion. ridicule to the bell of all purpofes, to hold up to con- 

From this time he enjoyed a remarkable ffiare of tempt the abfurdities with which the pureft and fub- 

good health and fpirits. He had, all his life, a rooted limeft truths had been loaded. 
averfion to medicine. He got the better of every ail- ** Placed at the head of a public feminary of learn- 
ment by a total and rigorous abftinence from all kind of mg, he felt all the importance of fuch a fituation, and 
fuftenance whatever ; and it was not till he was attacked uniformly dire&ed his influence to public utility. Hi* 
by an alarming illnefs, about two years before his death, enlarged and enlightened mind jullly appreciated the 

that he was perfuaded by his friends to call in medical extendve confequence of the education of youth. He 
aid. What nature could do, fhe had all along performed anticipated all the effedls refulting to the great commu- 

*vell; but her day was over, and fomething of art be- nity of mankind, from numbers of young men ifluing. 
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Campbell, in regular fucceftlon, from the univerfity over which he 

v preiided, and occupying the different departments of 
focial life. 

“ His benevolent heart delighted to reprefent to it- 
felf the ftudents under his dire&ion ufefully and ho¬ 
nourably difeharging the refpe&ive duties of their dif¬ 
ferent profefiions ; and fome of them, perhaps, filling 
the mod diftinguilhed ftations of civil fociety. With 

iliefe profpe&s before him, he conftantly directed his 
public condudl to their attainment. He never fuffered 
his judgment to be warped by prejudice or partiality, 
or his heart to be feduced by pafiion or private intereft. 
Thofe mean and ignoble motives by which many are 
actuated in the difeharge of important trulls, approach¬ 
ed not his mind. A certain honourable pride, if pride 
it may be called, diffufed an uniform dignity over the 
whole of his behaviour. He felt the man degraded 
by the perverfion of public charafter. His underftand- 
ing alfo clearly fhewed him even perfonal advantage at¬ 
tached to fuch principles and practice, as he adopted 
from a fenfe of obligation, and thofe elevated concep¬ 
tions of real worth which were fo congenial to his foul. 
He faw, he experienced, efteem, refpeft, and influence, 
following in the train of integrity and beneficence ; but 
contempt, difgrace, averfion,and complete infignificance, 
clofely linked to corruption and felfilhnefs. Little minds 
are feduced and overpowered by felfifh confiderations, 
becaufe they have not the capacity to look beyond the 
prefent advantage, and to extend to the mifery that 
ftands on the other fide of it. The fame circumftance 
that betrays the perverfity of their hearts, alfo evinces 
the weaknefs of their judgments. 

“ His reputation as a writer is as extenfive as the 
prefent intercourfe of letters ; not confined to his own 
country, but fpread through every civilized nation. In 
his literary purfuits, he aimed not, as is very often the 
cafe, with men of diftinguifhed literary abilities, merely 
at eftablifiling his own celebrity, or increafing his for¬ 

tune ; but had chiefly at heart the defence of the great 
caufe of Religion, or the elucidation of her di&ates. 

“ At an early period he entered the lifts as a cham¬ 
pion for Chriftianity againfl one of its acuteft oppo¬ 
nents. He not only triumphantly refuted his argu¬ 
ments, but even conciliated his refpeft by the handfome 
and dexterous manner in which his defence was conduc¬ 
ed. While he refuted the infidel, he fpared the man, 
and exhibited the uncommon fpeCacle of a polemical 
writer pofTefling all the moderation of a Chriftian. But 
while he defended Chriftianity againft its enemies, he 
was defirous of contributing his endeavours to increafe, 
among its profeffiors, the knowledge of the facred wri¬ 
tings. Accordingly, in the latter part of his life, he 
favoured the world with a work, the fruit of copious 
erudition, of unwearied application, for almoft thirty 
years, and of a clear and comprehenfive judgment. We 
have only to regret, that the other writings of the 

New Teftament have not been elucidated by the fame 
pen that tranflated the Gofpels. Nor were his literary 
merits confined to theology, and the ftudies more im¬ 
mediately eonneCed with it. Philofophy, and the fine 
arts, are alfo indebted to his genius and labours ; and 
in him the polite fcholar was eminently joined to the 
deep and liberal divine. 

“ Political principles will always be much affe&ed 

by general charader. This was alfo the cafe with Dr 
Suppl. Vol. I. Part I. 
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Campbell. In polities, he maintained that moderation Campbell, 
which is the (Weft criterion of truth and re&itude, and ' 
was equally diftant from thofe extremes into which men 
are fo apt to run on great political queftions. He che- 
riihed that patnotifm which confifts in wifhing, and en¬ 

deavouring to promote the greateft happinefs of his 

country, and is always fubordinate to univerfal benevo¬ 
lence. Firmly attached to the Britiih conftitution, he 
was animated with that genuine love of liberty which 
it infpires and invigorates. He was equally averfe to 
defpotifm and to popular anarchy ; the two evils into 

which political parties are fo frequently hurried, to the 
defti uftion of all that is valuable in government. Par¬ 

ty-fpirit, of whatever defection, he confidered’as ha¬ 
ving an unhappy tendency to pervert, to the moft per¬ 
nicious purpofes, the bed principles of the human mind, 
and to clothe the moft iniquitous adh'ons with the moft 

fpecious appearances. Although tenacious of thofe fen- 
timents, whether in religion or politics, which he was 
convinced to be rational and juft, he never fuffered 
mere difference of opinion to impair his good-will to 

obftruft his good offices, or to cloud the cheerfulness 

of converfation. His own converfatfon was enlivened 
by a vein of the moft agreable pleafantry.” 

So far was he from being influenced by jealoufy or 

any portion of that corporation-fpirit which fometimes 
incites men of undoubted abilities to detraft from the 
merit of every writer who fills not a ftation as confpi- 
cuous as their own, that he was loud in his praifes of 

thofe, whom men of meaner minds would have looked 
upon with difguft, as upon prefumptuous rivals. This 
generofity was fully experienced by the writer of the 

article Miracle, in the Encyclopedia Britannica, who, 
though he had prefumed to treat the fubjedt differently 
from Dr Campbell, received from him fuch a teftimony 
of .approbation of what lie had done, as he will hardlv 
look for from any other man in fimilar circumftances.' 

Among his other qualities, which fo much endeared 
him to all who had the honour of liis acquaintance, Dr 
Campbell poffeffed an uncommon facility of palling from 
the graveft to the moft airy fubjefts, and from the live- 
heft to the graveft, without degrading the one or di- 

mimlhing the pleafure of the other. The infirmities of 
age abated not the cheerfulnefs of liis temper, nor did 
even the perfuafion of approaching diffolution impair 
his lerenity. r 

We cannot conclude this fliort fbetch better than 
with a lift of his works, in the order in which they 
were publilhed. In 1752, lie publillied a Sermon 
preached before the Synod of Aberdeen. 

1761. A Differtation on Miracles, againft Mr Hume. 
This treatife is well known to the learned world He 

obtained, and defervedly obtained, a very high reputa- 
tion not only from the able manner in which he hand- 

eJd.th^Urjea’ but fr0m the liberal in which he 
addreffed his antagomft. It was fpeedily tranflated in- 
to rrench, German, and Dutch. 

. I]r-.A Sermon ^fore the Society for Propana- 
ting Chriftian Knowledge, Edinburgh. 6 

-7^;n before the Synod of Aberdeen. 
1770- The Philofophy of Rhetoric, 2 vols 8vo. A 
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work which difcovers a clearnefs of difeernment, and 
accuracy of obfervation, which juftly entitled him to be 

ranked among the moft judicious critics. He entered 
on this inquiry as early as 1750, when a part of the 

e 'work 
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, work was compofed. The laws of elegant compolition 
J and criticifm are laid down with great perfpicuity : but 

the moll valuable part of the work is undoubtedly the 
theory of evidence, to which we know nothing fuperior, 
perhaps nothing equal, on the fubjedl, in our own or any 
other language. His philofophy, in general, is the phi- 
lofophy of Dr Reid ; and where he differs from that a- 
cute reafoner refpedling abjlraddon, and fome other ob¬ 
jects of metaphyfical difquifition, we think it impoffible 

to ref ufe him the pre-eminence in everything but ftyle. 

1 777* A Sermon on the King’s Fall-day, on Alle¬ 
giance,' firft printed in 4U), and afterwards, at the 
expence of government, fix thoufand copies were print¬ 

ed in i2mo, enlarged with notes, and fent to Ame¬ 
rica, when the unhappy druggie had, however, put on 
appearances which prevented the effect hoped for from 

this fermon. 
1780. An Addrefs to the People of Scotland on 

the Alarms which have been railed by what is called 

the Popifh Bill. This is a powerful diffualive from bi¬ 

gotry, and every fpecies of religious perfection. 
1793. His Magnum Opus. The tranflation of the 

Gofpeis, with Preliminary Differtations, 2 vols 4to. 
18co. Ledtures on Eccleliallical Hiflory, a poftliu- 

mous work, in 2 vols 8vo ; which, in the opinion of 

moll people, fhould have been fuppreffed. 
CAMPHOR, or Camfhire, (fee Encycl.), is, in 

China, obtained by boiling the branches, twigs, and 
leaves, of the Laurus-Camphora in water, upon the fur- 

face of which it is found fwimming in the form of an 
oil, or adhering, in a glutinous form, to a wooden rod, 
with which the boiling matter is conllantly ffirred. 
The glutinous mafs is then mixed with clay and lime, 
and put into an earthen veffel, with another of the fame 
iize properly luted over it; the lower veffel being placed 

over a flow fire, the camphor gradually fublimes through 
the clay and lime, and adheres to the lides of the upper 
veffel, forming a cake of a lhape correfponding to the 
cavity which received it. It is, however, lefs pure and 
much weaker than what is difeovered in a folid Hate 
among the fibres of the trunk, as turpentine is found 
in different forts of pines. In the great, but ill-peo¬ 
pled, illand of Borneo, and alfo in Japan, the camphor 

tree is felled for the foie purpofe of finding this coftly 
drug in fubftance among the fplinters of the trunk, in 
the fame manner as other trees are felled in Louifiana 

merely for colledling the fruit they bear upon their 
fummits. The Borneo, or Japan camphor, is pure, 

and fo very ftrong, as readily to communicate much of 
its odour and its virtues to other infpiffated oils, which 
thus pafs for real camphor ; and this adulterated drug 
is fold by Chinefe artifts at a vaftly lower price than 
they gave themfelves for the genuine fubftance from 

Borneo or Japan. 
Sir George Staunton, from whom we have this ac¬ 

count, does not inform us whether the camphor-tree 
of China, if felled and torn into fplinters, would not 
produce as large quantities of the drug, and equally 
pure, as the trees of Borneo and Japan ; but he affures 
us, that in China it is never fo torn, being there a large 
and valuable timber-tree. “ It is 'ufed (fays he) in 
the beft buildings of every kind, as well as for mafts of 
veffels, and bears too high a price to allow of any part, 

except the branches, being cut up for the fake of the 

drug.” 

] CAN 
CANALS of Communication may be of fuch Canals, 

advantage in a commercial or agricultural country, that v 

every attempt to render them more convenient, and lefs 
expenlive in the conftrudlion, is intitled to public no¬ 
tice. In the Encyclopaedia, an account, fufficiently 
perfpicuous, is given of the common canals with locks; 

but in many cafes it is very difficult to provide a fufficient 
quantity of water for the confumption of a canal where 
many boats are to pafs. Different attempts have there¬ 
fore been made, by ingenious men, to fave water in the 

palling of boats or lighters from one lock of a canal to 
another ; and, among thefe, perhaps none is more de- 
ferving of public favour than the following, by the late 
Mr James Playfair of Ruffel-ftreet, architedl. We fhali 

ftate his invention in his own words. 
“ The nature and principle of this manner of faving 

water confift in letting the water which has ferved to 

raife or fall a boat or barge from the lock, pafs into 
refervoirs or cifternsr whofe apertures of communication 
with the lock are upon different levels, and which may 

be placed or conftrudled at the fide or fides of the lock 
with which they communicate, or in any other conti¬ 
guous fituation that circumftances may render eligible ; 

which apertures may be opened or fhut at pleafure, fo 
that the water may pafs from the lock to each refervoir 
of the canal, or from each refervoir to the lock, in the 
following manner : The water which fills the lock, 

when a boat is to afeend or defeend, inftead of being 
paffed immediately into the lower part of the canal, is 

let pafs into thefe cifterns or refervoirs, upon different 
levels ; then, their communications with the lock being 
fhut, they remain full until another veffel is wanted to 

pafs; then, again, the cifterns are emptied into the 
lock, which is thereby nearly filled, fo that only the re¬ 
mainder which is not filled is fupplied from the higher 

part of the canal. Each of thefe cifterns muft have a 

furface'not lefs than that of the lock, and muft con¬ 
tain half as much water as is meant to be expended for 
the palling of each veffel. The ciftern the moll eleva¬ 
ted is placed twice its own depth (meafuring by the 
aperture, or communicating opening of the cifterns) 
under the level of the water in the higher part of the- 
canal. The fecond ciftern is placed once its own depth, 

under the firft, and fo on are the others to the loweft ; 
which laft is placed once its own depth above the level 
of the water in the lower part of the canal. The aper¬ 
tures of the intermediate cifterns, whatever their num¬ 
ber maybe, muft- all be equally divided into different 
levels; the furface of the water in the one being al¬ 
ways on the level of the bottom of the aperture of the 
ciftern which is immediately above. As an example 
of the manner and rule for conftru&ing thefe cifterns, 

fuppofe tfiat a lock is to be conftrudled twelve feet 
deep, that is, that the veffel may afeend or defeend twelve 
feet in paffing. Suppofe the lock fixty feet long and 
fix feet wide, the quantity of water required to fill the 

lock, and to pafs a boat, is 4320 cubic feet ; and fup¬ 
pofe that, in calculating the quantity of water that can 
be procured for fupplying the canal, after allowing for 

walte, it is found (according to the number of boats 
that may be expc&ed to pafs) that there will not be 

above 800 cubic feet for each ; then it will be necef- 
fary to fave five-fixths of the whole quantity that in the 
common cafe would be neceffary : to do which ten cif¬ 

terns muft be made (the mode of placing which is ex- 
preffed 
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prefled in the drawing, fig. i. Plate VII.), each of 

which mull be one foot deep, or deeper at pleafure, 
and each muft have a furface of 360 feet fquare, equal 
to the furface of the lock. The bottom of the aper¬ 
ture of the lowed cittern mud be placed one foot above 
the level of the water in the lower part of the canal, or 
eleven feet under the level of the high water; the fe- 

cond cidern mud be two feet above the level of the 
low water; the third three feet, and fo on of the others ; 

the bottom of the tenth, or uppermod cidern, being 
ten feet above the low water, and two feet lower than 
the high water; and, as each cidern mud be twelve 
inches in depth, the furface of the water in the higher 

cidern will be one foot under the level of the water in 
the upper part of the canal. The ciderus being thus 

conftru&ed, when the lock is full, and the boat to be 
let down, the communications between the lock and the 
ciderns, which until then have all been fhut, are to be 
opened in the following manner : fird, the communica¬ 
tion with the higher cidern is opened, which, being at 
bottom two feet under the level of the water in the 
lock, is filled to the depth of one foot, the water in the 
lock defending one foot alfo at the fame time ; that 
communication is then fhut, and the communication be¬ 
tween the lock and the fecond cidern is opened ; one 
foot more of the water then pafFes into that cidern from 
the lock, and fills it ; the opening is then fhut : the 

fame is done with the third, fourth, 'fifth, fixth, feventli, 
eighth, ninth, and tenth, ciderns, one by one, until 
they are all filled ; and when the tenth, or lovvermoft 
cidern, is filled, there remains but two feet depth of 

water in the lock. The communication between the 
lock and the lower part of the canal is then opened, 
and the lad two feet depth of water is emptied into the 

lower part of the canal. By this means, it is evident 
that, indead of twelve feet depth of water being let 
defeend into the lower part of the canal, there is only 

two feet depth that defeends, or one-fixth of the whole; 
therefore, indead of 4320 cubic feet being ufed, there 
are only 720 cubic feet ufed; the remainder of the wa¬ 
ter in the ciderns being ufed as follows; When another 
boat is to mount, the fluices being then fhut, and the 
boat in the lock, the tenth or lowermod cidern is 
emptied into the lock, which it fills one foot; the com¬ 
munication being then fhut, the next lowed cidern, or 
the ninth, is emptied into the lock, which is thereby 
filled another foot; and fo, in like manner, aii the other 
ciderns are emptied one after another, until the higher 
cidern being emptied, which fills the tenth foot of wa¬ 
ter in the lock, there remains but two feet of water to 
fill, vvhich is done from the upper part of the canal by 
opening the higher fluice to pafs the boat ; by that 
means, the fame quantity of water defeends from the 
upper part of the canal into the lock, that in the other 

cafe defeended from the lock into the lower part of the 
canal; fo that, in both cafes, the fame quantity of wa¬ 

ter is faved, that is, five-fixths of what would be necef- 
fary were there no ciderns. Suppofe again that, upon 
the fame canal, and immediately after the twelve feet 

lock, it would be advantageous to conttrud one of 
eighteen feet ; then, in order not to ufe any greater 

quantity of water, it will be necefTary to have fixteen 
ciderns, upon different levels, communicating with the 
lock in the fame manner. Should, again, (a lock of 

only fix feet be wanted, after that of eighteen, then it 
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will only be necefTary to have four ciderns on different 
levels, and fo of any other height of lock. The rule 
is this; For finding the number and fize of the ciderns, 

each cidern being the fame in fuperficies with the lock, 
its depth mud be fueh as to contain one half the quan¬ 

tity of water meant to he ufed in the palling of one 

•boat. The depth of the lock, divided by the depth 
necefTary for fuch a cidern, will give, in all cafes, the 
whole number of ciderns, and two more ; dedud the 
number two, therefore, from the number which you 
find by dividing the depth of the lock by the depth of 

one cidern, and you have always the number of ci¬ 
derns required ; which are to be placed upon different 
levels, according to the rule already given. The above 

is the principle and manner of uling the lock, for fa- 
ving water in canals, and for enabling engineers to con- 

druft locks of different depths upon the fame canal, 
without ufing more water for the deep locks than for 
the fhallow ones. With regard to the manner of dif- 

pofing the ciderns, the circuindances of the ground, 
the declivity, &c. will be the bed guide for the engi¬ 
neer.” 

But fuppofing a fufuciency of water, or admitting 
that this method of Mr Playfair’s of faving it, where 
defective, is adequate to his fonded expe&ations, ft ill, 
in palling numerous locks, where the rife is confider- 
able, the interruption is fo great, that it has often been 

wifhed that an eligible method of lowering and eleva¬ 
ting boats could be devifed, without the abidance of 

water-locks. Though this is evidently at fird view prac¬ 
ticable, and feveral different modes of doing it have 
been fuggefted, fome of which have actually been car¬ 
ried into effeft, yet all of them have been found to be 

attended with fuch inconvenience as to render an im¬ 
provement in this refped dill necefTary. 

In China, where water-carriage is more generally prac¬ 
ticed than in any kingdom of Europe, boats are railed 
and lowered from.one canal into another, by Aiding them 

along an inclined plane : but the contrivances for ef¬ 
fecting that purpofe are fo awkward, and fuch a num¬ 
ber of hands are required, that it has in general been 

deemed inexpedient to refort to that mode of practice 
in Europe. Several devices, that difeover coiifiderable 
ingenuity, however, have been publifhed, with a view 
to facilitate this operation ; either by rendering the mo¬ 
tion up the inclined plane more equable, or producing 
a power fufficient to move thefe great weights. But 
none of them have yet been fo fimple in their conduc¬ 
tion as could be vvidled, nor have they afforded fatisfac- 
tion in pra&ice. For the greater part of them, like- 
wife, patents have been granted ; fo that whatever be 
their value, no engineer could avail himfelf of them 

without previoufly purchafing a licence from the pa¬ 
tentee. r 

The following contrivance for this purpofe is the in¬ 
vention of James Anderfon, LL. D whofe knowledge 
of economics is well known, and of whofe public fpint 

there cannot be a doubt. Inftead of applying for a pa¬ 

tent, to fecure to himfelf the fruits of his ingenuity, he 
publifhed, for the good of his countrymen in general, 
his device, in the View of the Agriculture of the Coun¬ 

ty of Aberdeen, which he drew up for the confidera- 

tion of the board of agriculture. He introduces it to 
public notice with juftly obferving, that it pofTeffes at 
leafl the merit of limplicity, in as high a degree, per- 

U 2 haps, 
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Canals. haps, as could be wiffied ; and, u in the opinion (fays 

LWr*— v " ■ he) of very good judges of matters of this fort, to 
whom the plan has been fhewn, it has been deemed 
fully adequate to the purpofe of raifing and lowering 
boats of a moderate fize, that is, of 20 tons, or down¬ 
wards ; and it is the opinion of molt men with whom I 
have converfed, who are bell acquainted with the in¬ 

land navigations, that a boat of from 10 to 15 tons is 
better than thofe of a larger fize. When feveral are 
wanted to be fent at once, they may be affixed to one 
another, as many as the towing-horfe can conveniently 
draw. Were boats of this fize adopted, and were all 
the boats on one canal to be of the fame dimenfions, it 
would prove a great convenience to a country in a date 
of beginning improvements> becaufe the expence of fuch 
a boat would be fo trifling, that every farmer could 

have one for himfelf, and might of courfe make life of 
it when he pleafed by the aid of his own horie, without 
being obliged to have any dependence on the time that 
might fuit the convenience of his neighbour ; and if 
two or more boats were going from the fame neigh- 

boui hood, one horfe could ferve the whole. 
“ You are to fuppofe that fig. 2. (Plate VII.) repre- 

fents a bird’s-eye view of this Ample apparatus, as feen 
from above. A is fuppofed to be the upper reach of 

the canal, and B tlie lower reach, with the apparatus 
between the two. This confifts of three divifions ; the 

middle one, extending from C to D, is a folid piece of 
mafonry, raifed from a firm foundation below the level 

of the bottom of the fecond reach : this is again divi¬ 

ded into five parts, viz. ddd, where the wall rifes only 
to the height of the water in the upper reach, and eey 
two pillars, raifed high enough to iupport the pivots 
of a wheel or pulley placed in the pofition there 

marked. 
ct The fecond divifion h confifis of a wooden coffer, 

of the fame depth nearly as the water in the upper 
reach, and of a llze exactly fitted to contain one of the 
boats. This communicates dire&ly with the upper 
reach, and being upon the fame plane with it, and fo 
conne&ed with it as to be water-tight, it is evident, 
from infpe&ion, that nothing can be more eafy than to 
float a boat into this coffer from the upper reach ; the 
part of the wheel that proje&s over it being at a Suffi¬ 
cient height above it, fo as to occafion no fort of inter¬ 

ruption. 
“ Third divifion. At / is reprefented another cof¬ 

fer, precifely of the fame dimenfions with the firft. But 

here two fluices, which were open in the former, and 
only reprefented by dotted lines,* are fuppofed to be 
{hut, fo as to cut off all communication between the 
water in the canal and that in the coffer. As it was 
impoffible to reprefent this part of the apparatus on fo 
fmall a fcale, for the fake of illuftration it is reprefent¬ 
ed more at large in fig. 5. where A, as before, repre- 
fents the upper reach of the canal, and h one of the 
coffers. The fluice h goes into two cheeks of wood, 
joined to the mafonry of the dam of the canal, fo as to 
fit perfe&ly clofe ; and the fluice f fits equally clofe 
into cheeks made in the fide of the coffer for that pur¬ 
pofe ; between thefe two fluices is a fmall fpace 0. 
The coffer, and this divifion 0, are to be fuppofed full 
of water, and it will be eafy to fee that thefe fluices 

may be let down or drawn up at pleafure with much 

facility. 
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Fig. 6. reprefents a perpendicular fe&ion of thefe 

parts in the fame direction as in fig. 5. and in which v— 

the fame letters reprefent the fame parts. 
“ Things being thus arranged, you are to fuppofe 

the coffer h to be fufpended, by means of a chain paffed 
over the pulley, and balanced by a weight that is fuffi- 
cient to counterpoife it, fufpended at the oppofite end 
of the chain. Suppofe, then, that the counterpoife be 
made fomewhat lighter than the coffer with its con¬ 

tents, and that the line mn (fig. 6.) reprefents a divi¬ 
fion between the folid fides of the dam of feparation, 
which terminates the upper reach and the wooden cof¬ 
fer, which had been clofed only by the preffure of its 
own weight (being pufhed a very little from A towards 
B, beyond its precife perpendicular fwing), and that the 

joining all round is covered with lifts of cloth put upon 
it for that purpofe ; it is evident that, fo long as the 
coffer is fufpended to this height, the joining muft be 
water-tight; but n6 fooner is it lowered down a little 
than this joining opens, the water in the fmall divifion 
0 is allowed to run out, and an entire feparation is made 
between the fixed dam and this moveable coffer, which 

may be lowered down at pleafure without lofing any 

part of the water it contained. 
“ Suppofe the coffer now perfectly detached, turn 

to fig. 3. which reprefents a perpendicular fe&ion of 
this apparatus, in the dire&ion of the dotted line pp 

(fig. 2.) In fig. 3. h reprefents an end view of the 
coffer, indicated^by the fame letter as in fig. 2. fufpend¬ 
ed by its chain, and now perfe&ly detached from all 

other objects, and balanced by a counterpoife /, which 
is another coffer exactly of the fame fize, as low down 
as the level of the lower reach. From infpe&ion only, 
it is evident, that in proportion as the one of theie 
weights rifes, the other muft defeend. For the pre¬ 

sent, then, fuppofe that the coffer h is by fome means 
rendered more weighty than i, it is plain it will de¬ 
feend while the other rifes ; and they will thus conti¬ 

nue till h comes down to the level of the lower reach,, 

and i rifes to the level of the higher one. 
a Fig. 4. reprefents a fe&ion in the dire&ion AB 

(fig. 2.), in which the coffer i (feen in both fituations) 
is fuppofed to have been gradually raifed from the level 
of the lower reach B, to that of the higher A, where 
it now remains ftationary ; while the coffer h (which is- 
concealed behind the mafonry) has defeended in the 
mean time to the level of the lower reach, where it 

clofes by means of the jun&ure rs, fig. 6. (which junc¬ 
ture is covered with lifts of cloth, as before explained, 
at mn, and is of courfe become water-tight), when, by 

lifting the fluice /, and the correfponding fluice at the 

end of the canal, a perfed communication by water is 
eftablifhed between them. . If, then, inftead of water 
only, this coffer had contained a boat, floated into it 
from the upper reach, and then lowered down, it is ve¬ 
ry plain that when thefe fluices were removed, after it 
had reached the level of the lower reach, that boat 
might have been floated out of the coffer with.as much 

facility as it was let into it above. Here then we have 
a boat taken from the higher into the lower canal ; 
and, by reverfing this movement, it is very obvious 
that it might be, with equal eafe, raifed from the lower 
into the higher one. It now only remains that I 

fhould explain by what means the equilibrium between 
r thefe 
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Canal*, thefe counterbalancing weights can be deflroycd at plea- minified in proportion to its defcent ; while the weight 
-v-’ fure, and the motion of courfe produced. of the chain on the oppofite fide would be augmented 

“ It is very evident, that if the two correfponding in the fame proportion, fo as to counterpoife each other 

coffers be precifely of the fame dimenfions, their weight exactly, in every fituation, until the uppermoft chain 
will be exactly the fame when they are both filled to was railed from the ground. After which it would 
the fame depth of water. It is equally plain, that increafe its weight no more; and, of courfe, would then 

fhould a boat be floated into either or both of them, give the under coffer that preponderance which is ne- 
whatever its dimenfions or weight may be, fo that it ceffary for preferving the machine fleady. The under 
can be contained afloat in the coffer, the weight of the coffer, when it reached its loweft pofition, would touch 
coffer and its contents will continue precifely the fame the bottom on its edges, which wouM then fupport it, 
as when it was filled with water only : hence, then, and keep every thing in the fame pofition, till it was 

fuppofing one boat is to be lowered, or one to be raifed made lighter for the purpofe of afeending. 
at a time, or fuppofing one to be raifed and another “ What conflitutes one particular excellence of the 
lowered at the fame time—they remain perfectly in apparatus here propofed is, that it is not only unlimited 

equilibrium in either place, till it is your pleafure to- as to the extent of the rife or depreffion of which it 
deflroy that equilibrium. Suppofe, then, for the pre- is fufceptible (for it would not require the expendi- 

fent, that both coffers are loaded with a boat in each, ture of one drop more water to lower it one hundred 
the double flu ices both above and below clofed ; and feet than one foot); but it would alfo be eafy fo to 
fuppofe alfo that a flop-cock u, in the under edge of augment the number of pulleys at any one place as to 
the fide of the lower coffer (fig. 4. and 6.), is opened, admit of two, three, four, or any greater number of 

, fome of the water which ferved to float the boat in the boats being lowered or elevated at the fame time ; fo 
coffer will flow out of it, and confequently that coffer that let the fucceffion of boats on fuch a canal be near¬ 

will become lighter than the higher one ; the upper ly as rapid as that of carriages upon a highway, none 
coffer will of courfe defeend, while the other mounts of them need be delayed one moment to wait an op- 
upwards. When a gentle motion has been thus com- portunity of pafling : a thing that is totally impra&i- 
municated, it may be prevented from accelerating, mere- cable where water-locks are employed ; for the inter™ 
ly by turning the flop-cock fo as to prevent the lofs courfe, on every canal conflrudled with water-locks, is 
of more water, and thus one coffer will continue to neceffarily limited to a certain degree, beyond which it 

afeend, and the other to defeend, till they have affumed is impoffible to force it. 
their llations refpe&ively ; when, in confequence of a 44 For example : fuppofe a hundred boats are follow”* 
flop below, and another above, they are rendered Ha*- ing each other, in fuch a rapid fucceffion as to be 011I/ 
tionary at the level of the refpedlive canals (a). half a minute behind each other: By the apparatus 

44 Precifely the fame effedl will be produced when the here propofed, they would all be elevated precifely as 
coffers are filled entirely with water. they came ; in the other, let it be fuppofed that the 

44 It is unneceffary to add more to this explanation, lock is fo well conflrudled as that it takes no more than- 
except to obferve that the fpace for the coffer to de- five minutes to clofe and open it; that is, ten minutes 
feend into mufl be deeper than the bottom of the lower in the whole to each boat (for the lock, being once 
canal, in order to allow a free defeent for the coffer to filled, mufl be again emptied before it can receive ano- 
the requifite depth ; and of courfe it will be neceffary tlier in the fame diredlion) : at this rate, fix boats only 
to have a fmall conduit to allow the water to get out of could be paffed in an hour, and of courfe it would take 

it. Two or three inches free, below the bottom of the fixteen hours and forty minutes to pafs the .whole hun- 
canal, is all that would be neceffary. dred ; and as the laft boat would reach the lock in the 

44 Where the height is inconfiderable, there will be fpace of fifty minutes after the firfh, it would be detain- 
no occafion for providing any counterpoife for the ed fifteen hours and fifty minutes before its turn would 
chain, as that will give only a fmall addition to the come to be railed.. This is an immenfe detention; but 
weight of the undermofl coffer, fo as to make it pre* if a fucceffion of boats, at the fame rate, were to follow 
ponderate, in circumflances where the two coffers would continually, they never could pafs at all. In fhort, in 
otherwife be in perfedl equilibrium : but, where the. a canal conilrudled with water-locks, not more than fix 
height is confiderable, there will be a neceffity for pro- boats, on an average, can be paffed in an hour, fo that 
viding fuch a counterpoife ; as, without it, the chain,, beyond that extent all commerce mull be flopped; but, 
by becoming more weighty every foot it defeended,. of the plan here propofed, fixty, or fix hundred, might* 
would tend to deflroy the equilibrium too much, and be paffed in an hour if neceffary, fo as to occafion no 

accelerate the motion to an inconvenient degree. To fort of interruption whatever. Thefe are advantages 
guard againfl this inconvenience, let a chain of the fame of a very- important nature, and ought not to be over¬ 
weight, per foot, be appended at the bottom of each looked in a commercial country. 

coffer, of fuch a length as to reach within a few yards 44 This apparatus might he employed for. fnnume- 

of the ground where the coffer is at its g.reatefl height rable other ufes as a moving power, which it would be . 
(fee fig. 3.) ; it will a£t with its whole weight upon foreign to our prefent purpofe here to fpecify. Nor 

the higheil coffer while in this pofition; but, as that, does its power admit of any limitation, but that, of the 
gradually defeended, the chain would reach the ground,, flrength of the chain, and of the coffers which are to . 

and, being there fupported, its weight would be, dW fupport the weights. . All the other parts admit of. 

being * 

(a) 44 It does not feem neceffary to adopt any other contrivance than the. above for regulating the motions $ ? 
but if it fhould be found neceffary, it would be eafy to put a ratch-wheel on the fame axle.”' 
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Canary- being made fo immoveably firm as to be capable of fup- 

porting almoft any afiignable weight. 
111 v “ I will not enlarge on the benefits that may be deri¬ 

ved from this very fimple apparatus : its cheapnefs, when 
compared with any other mode of railing and lowering 

veffels that has evef yet been pra&ifed, is very obvious; 
the walle of water it would occafion is next to nothing; 
and when it is confidered that a boat might be raifed 
or lowered fifty feet nearly with the fame eafe as five, 

it is evident that the interruptions which arife from 
frequent locks would be avoided, and an immenfe fa- 

ving be made in the original expence of the canal, and 
in the annual repairs. 

“ It is alfo evident that an apparatus, on the fame 
principle, might be eafily applied for raifing coals or 

metals from a great depth in mines, wherever a very 
fmall ftream of water could be commanded, and where 

the mine was level-free.” 
CANARY-bird, of which a defcription is given in 

the- Encyclopaedia, was not known in Europe till to¬ 

wards the end of the 15th century. Even in 1555, 
Bellon, who about that time defcribed all the birds 
then known, does not fo much as mention it. When 
it was firft brought from the Canary Iflands, it was fo 
dear that it could be purchafed only by people of for¬ 
tune, who were often impofed upon. It was called the 

Jiigar-lird, becaufe it was faid to be fond of the fugar- 
cane- and could eat fugar in great abundance. This is 
rather a fingular circumfiance, fugar being to many 
fowls a poifon. Experiments have fhewn that a pi¬ 
geon, to which four drams of fugar was given, died in 

four hours; and that a duck, which had fwallowed five 
drams, did not live feven hours. 

In the middle of the laft centtlry canary-birds began 
to be bred in Europe ; and to this the following cir- 
cumftance, related by Olina, feems to have given occa¬ 

fion : “ A veffel which, among other commodities, was 
carrying a number of canary birds to Leghorn, was 

wrecked on the coaft of Italy ; and thefe birds being 

thus fet at liberty, flew to the neareft land, which was 
the ifland of Elba, where they found the climate fo fa¬ 
vourable, that they multiplied, and perhaps would have 
become domefticated, had they not been caught in 
fnares ; for it appears that the breed of them there has 

been long deftroyed. Olina fays that the breed foon 

degenerated; but it is probable that by much the 
greater part of thefe canary-birds were males, which 

coupling with birds of the ifland, produced mules, fuch 

as are defcribed by Gefner and other naturalifts.” 
“ Various treatifes have been publifhed in different 

languages, on the manner of breeding thefe birds, and 
many people have made it a trade, by which they have 

acquired confiderable gain. It does no diferedit to the 
induftry of the Tyrolians, that they have carried it to 
the greateft extent. At Ymft there is a company, who, 
after the breeding feafon is over, fend out perfons to 

different parts of Germany and Switzerland to purchafe 
birds from thofe who breed them. Each perfon brings 
with him commonly from three to four hundred, which 
are afterwards carried for fale, not only through every 

part of Germany, but alfo to England, Rufiia, and even 
Conflantinople. About fixteen hundred are brought 
every year to England ; where the dealers in them, not- 
withftanding the confiderable expence they are at, and 

after carrying tlwHii about on their backs, perhaps a 

hundred miles, fell them for five (hillings a piece. This Canary- 

trade, hitherto neglected, is now carried on in Schwartz- 
walde ; and at prefent there is a citizen at Gottingen t a“_g*_ 
who takes with him every year to England feveral ca¬ 

nary-birds and bulfinches (loxiapyrrhuln), with the pro¬ 
duce of which he purcliafes fuch fmall wares as he has 
occafion for.”—Profejfor Beckmann's Hijiory of Inven¬ 

tions and Difcoveries. 

CANARY-Seed. See Phalaris, Encycl.—Profeffor 
Beckmann doubts whether the plant which bears the 

canary-feed be the phalaris of the ancients, becaufe that 
name feems to have been given by Pliny to more than 

one fpecies of grafs. He thinks it very probable, how¬ 
ever, that the plant, which the modern botanifts call 

phalaris, was firft brought from the Canary Iflands to * 

Spain, where it began to be cultivated, as well as in the 

fouth of France, as foon as canary-birds came into ge¬ 

neral efteem. At prefent it is cultivated in various 
places, and forms no inconfiderahle branch of trade, 
particularly in the ifland of Sicily, where it is called 

Scagliuola or Scaghiola. Were it not that the grains are 
not eafily freed from the hufks, this plant might be cul¬ 

tivated for the food of man, for its feeds yield a good 
kind of meal. The phalaris has by feveral writers been 
confounded with argol or the lichen rocolla of Linnaeus ; 

but they are very different plants. See Lichen Ro- 

colla in this Supplement* 
CANDLE, a thing fo univerfally known as to need 

no particular defcription. Its ufe, however, is fo great, 

that every information tending to its improvement muft, 
we fhould think, be acceptable to our readers. Of the 
common method of making candles, whether of wax or 

of tallow, a fufficient account has been given in the En¬ 
cyclopaedia ; but candles of every kind are far from be¬ 
ing yet brought to that degree of perfe&ion of which 
they feem fufcepttble. Thus, for example, the light of 
a candle, which is fo exceedingly brilliant when firft 

fnuffed, is very fpeedily diminifhed to one half, and is 
ufually not more than one-fifth or one-fixth, before the 
uneafinefs of the eye induces us to fnuff it. Hence it 
follows, that if candles could be made fo as not to re¬ 
quire fnufiing, the average quantity of light afforded by 
the fame quantity of combuftible matter would be more 

than doubled. It may likewife be worthy of inquiry, 
fince the coft and duration of candles are eafily afeer- 
tainable, whether more or lefs light is obtained at the 
fame expence during a given time, by burning a number 

of fmall candles inftead of one of greater thicknefs. 
To determine this laft point, a method muft be found 

of meafuring the comparative intenfities of light, for 

which fee Photometer in this Supplement. With 
refpeft to the defideratum firft mentioned, we have 

fome very ingenious observations and well-contrived ex¬ 
periments by Mr Nicholfon, in the fecond number of 
his valuable Journal, which we (Trail here infeft nearly 

in the words of their author. 
In every procefs of combuftion the free accefs of air 

is of the utmoft confequence. When a candle has a 
very (lender wick, the flame is fmall and of a brilliant 
white colour; if the wick be large, the combuftion is 

lefs perfect, and the flange brown ; and a wick ftill lar¬ 
ger, not only exhibits a brown flame, but the lower in¬ 

ternal part appears dark, and is occupied by a portion 
of volatilized matter, which does not become ignited till 

it has afeended towards the point. When the wick is 
either 
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Candle, either very large or very long, part of this matter 

efcapes combuftion, and (hews itfelf in the form of coal 
or fmoke. The fame things take place in the burning 

of a lamp ; but when the wick of a lamp is once ad- 
jufted as to its length, the flame continues nearly in the 
fame ftate for a much longer time than the flame of a 

candle. 
“ Upon comparing a candle with a lamp (fays Mr 

Nicholfon), two very remarkable particulars are imme¬ 

diately feen. In the fir ft place, the tallow itfelf, which 
remains in the unfufed flate, affords a cup or cavity to 
hold that portion of melted tallow which is ready to 
flow into the lighted part of the wick. In the fecond 
place, the combuftion, inftead of being confined, as in 

the lamp, to a certain determinate portion of the fibrous 
matter, is carried, by a flow fucceffion, through the 
whole length. Hence arifes the greater neceflity for 

frequent {huffing the candle ; and hence alfo the ftation 
of the freezing point of the fat oil becomes of great 
confequence. For it has been fhewn, that the bril¬ 
liancy of the flame depends very much on the diameter 
of the wick being as fmall as poffible; and this requi- 
fite will be moft attainable in candles formed of a mate¬ 
rial that requires a higher degree of heat to fufe it. 
The wick of a tallow candle muft be made thicker in 
proportion to the greater fufibility of the material, 
which would otherwife melt the fides of the cup, and 

run over in ftreams. The flame will therefore be yel¬ 
low, fmoky, and obfcure, excepting for a fhort time 
immediately after fnuffing. Tallow melts at the y2d 
degree of. Fahrenheit’s thermometer ; fpermaceti at the 
133d degree-, the fatty matter formed of flefh, after 
long immerfion in water, melts at 127 degrees; the 

pela of the Chinefe at 145 degrees; bees-wax at 142 
degrees; and bleached wax at J55 degrees. Two of 
thefe materials are well known in the fabrication of can- 
dies. Wax in particular does not afford fo brilliant a 
flame as tallow ; but, on account of its lefs fufibility, 
the wick can be made fmaller, which not only affords 

the advantage of a clear perfedl flame, but from its flexi¬ 
bility it is difpofed to turn on one fide, and come in 
eonta£l with the external air, which completely burns 

the extremity of the wick to white affles, and thus per¬ 
forms the office of fnuffing. We fee therefore that the 
important objedl to fociety of rendering tallow candles 
equal to thofe of wax, does not at all depend on the 
combuftibility of the refpe&ive materials, but upon a 
mechanical advantage in the cup, which is afforded by 
the inferior degree of fufibility in the wax ; and that, 
to obtain this valuable obje<ft, one of the following ef¬ 
fects muft be produced: Either the tallow muft be 
burned in a lamp, to avoid the gradual progreffion of 
the flame along the wick ; or fome means muft be de- 
vifed to enable the candle to fnuff itfelf, as the wax 
candle does ; or, laftly, the tallow itfelf muft be render¬ 

ed lefs fufible by fome chemical procefs. I have no 

great reafon to boaft of fuccefs in the endeavour to ef- 
fe& thefe ; but my hope is, that the fads and obferva- 
lions here prefented may confiderably abridge the la¬ 
bour of others in the fame purfuit.. 

“ The makers of thermometers and other fmall arti¬ 
cles with the blow-pipe and lamp, give the preference to 
tallow inftead of oil,, btcaufe its combuftion is more 

complete, and does not blacken the glafs. In this ope¬ 

ration the heat of the lamp melts the tallow which is 

occafionally brought into its vicinity by the workman. 

But for the ufual purpofes of illumination, it cannot be ' 
fuppofed that a perfon can attend to fupply the com- 

buftible matter. Confiderable difficulties arife in the 

project for affording this gradual fupply as it may be 

wanted. A cylindrical piece of tallow was inferted in¬ 
to a metallic tube, the upper aperture of which was 
partly clofed by a ring, and the central part occupied 

by a metallic piece nearly refembling that part of the 

common lamp which carries the wick. In this appara¬ 

tus the piece laft defcribed was intended to anfwer the 
fame purpofe, -and was provided with a fhort wick. 

The cylinder of tallow was fnpported beneath in fuch a 
manner that the metallic tube and other part of this 
lamp were left to reft with their whole weight upon 
the tallow at the ring or contradion of the upper aper¬ 
ture. In this lituation the lamp was lighted. It burn¬ 
ed for fome time with a very bright clear flame, which, 

when compared with that of a candle, poffeffed the ad¬ 
vantage of uniform intenflty, and was much fuperior to 
the ordinary flame of a lamp in its colour, and the per- 

fed abience of fmell. After fome minutes it began to 
decay, and very foon afterwards went out. Upon exa¬ 
mination, it was found that the metallic piece which 
carried the wick had fnfed a fufficient quantity of tal¬ 
low for the fupply during the combuftion ; that part of 
this tallow had flowed beneath the ring, and to other 

remote parts of the apparatus, beyond the influence of 
the flame ; in confequence of which, the tube and the 

cylinder of tallow were faftened together, and the ex- 
peded progreffion of fupply prevented. It feems pro¬ 

bable that, in every lamp for burning confident oils, the 

material ought to be fo difpofed that it may defcend to 

the flame upon the principle of the fountain refervoir. 
I fhall not here ftate the obflacles which prefent them- 

fclves in the profped of this conftrudion, but {hall dif- 
mifs the fubjed by remarking, that a contrivance of this 
nature would be of the greatell public utility. 

“ The wick of a candle being furrounded by the 
flame, is nearly in the lituation of a body expoled to 

deftrudive dillillation in a clofe veffel. After loling its? 

volatile produds, the carbonaceous refidue re tains its fi¬ 
gure, until, by the defeent of ihe flame, the external 

air can have accefs to its upper extremity. But, in this 

cafe, the requilite combuftion, which might fnuff it, is 
not effeded : for the portion of oil emitted by the 
long wick is not only too large to be perfedly burned, 
but alfo carries off much of the heat of the flame while 
it affumes the elaftic ftate. By this diminifhed com¬ 
buftion and increafed efflux of half-decompofed oil, a 
portion of coal or foot is depolited on the upper part of' 
the wick, which gradually accumulates, and at length 
affumes the appearance of a fungus. The candle does 
not then give more than one-tenth of the light emitted 
in its beft ftate. Hence it is that a candle of tallow 
cannot fpontaneoufly fnuff itfelf. It was not probable 

that the addition of a fubftance containing vital air or 

oxygen would fupply that principles the precife pe¬ 
riod of time required ; but as experiment is the teft of 
every probability of this nature, 1 foaked a wick of 

cotton in a folution of nitre, then dried it, and made a 
candle. AVhen this came to be lighted, nothing re¬ 

markable happened for a fhort time ; at the,expiration* 

of which a decrepitation followed at the lower extremi¬ 

ty of the flame, which completely divided the wick. 

where 

Candle. 
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Candle, where the blackened part commences. The whole of 

“ '" v the matter in combuflion therefore fell off. and the can¬ 

dle was of courfe inftantly extinguilhed. Whether this 
would have happened in all proportions of the fait or 
conftruaions of the candle, I did not try, becaufe the 
fmell of azot was fufficiently ftrong and unpleafant to 

forbid the ufe of nitre in the purfuit. From various 
confiderations, I am difpofed to think that the fponta- 

• neous fnuffing of candles made of tallow, or other fuli- 
ble materials, will fcarcelv be effected but by the difco- 
very of fome material for the wick which (hall be volu¬ 
minous enough to abforb the tallow, and at the fame 

time fufficiently flexible to bend on one fide. 
“ The mod promifing fpeculation refpefting this mod 

ufeful article, feems to direft itfelf to the cup which 
contains the melted tallow. The imperfeaion of this 

. part has already been noticed, namely, that it breaks 
down by fufion, and fuffers its fluid contents to efcape. 
The Chinefe have a kind of candle about half an inch 
in diameter, which, in the harbour of Canton, is called 

a lobchock; but whether the name be Chinefe, or the 
corruption of fome European word, I am ignorant. 
The wick is of cotton, wrapped round a fmall dick or 
match of the bamboo cane. The body of the candle is 
white tallow ; but the external part, to the thicknefs of 

perhaps one thirtieth of an inch, confids of a waxy 
matter coloured red. This covering gives a coufidcr- 

able degree of folidity to the candle, and prevents its 
'Tuttermg, becaufe lefs fufible than the tallow ltlelf. I 

did not obferve that the dick in the middle was either 
advantageous or the contrary ; and as I now write from 

the recolledion of this objeft at fo remote a period as 
21 years ago, X can only conjedfure that it might be of 
advantage in throwing up a lefs quantity of oil into the 

flame than would have been conveyed by a wick of 

cotton fufficiently flout to have occupied its place un- 

fupported in the axis of the candle. .... 
“ Many years ago I made a candle in imitation of 

the lobchock. The expedient to which I had recourfe 
confided in adapting the wick in the ufual pewter 
mould : wax was then poured in, and immediately af¬ 

terwards poured out: the film of wax which adhered 
to the inner furface of the mould foon became cool, and 
the candle was completed by filling the mould with tal¬ 

low. When it was drawn out, it was found to be 
cracked longitudinally on its furface, which I attribu¬ 
ted to the contraftion of the wax, by cooling, being 

<rreater than that of the tallow. At prefent I think it 
equally probable that the cracking might have been 
occafioned by too fudden cooling of the wax before the 

tallow was poured in ; but other avocations prevented 
the experiments from being varied and repeated. It is 
probable that the Chinefe external coating may not be 

formed of pure hard bleached wax. 
But the mod decifive remedy for the imperfe&ioti 

of this cheapeft, and in other refpedts bell, material for 
candles, would undoubtedly be to diminifh its fufibility. 
Various fubftances may be combined with tallow, either 
in the diredl or indireft method. In the latter way, 
by the decompofition of foap, a number of experiments 
were made by Berthollet, of which an account is in- 

ferted in the memoirs of the Academy at Paris for the 
year 1780, and copied into the 26th volume of the 
'Journal cle Phyfique. None of thefe point dire&ly to 

the prefent objed 5 befides which, it is probable that 
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the foap made ufe of by that eminent chemift was form¬ 
ed not of tallow, but oil. I am not aware of any re- * 
gular feries of experiments concerning the mutual ac¬ 
tion of fat oils and other chemical agents, more efpe- 
cially fuch as may be dire&cd to this important objea 
of diminifhing its folubility ; for which reafon I (hall 
mention a few experiments made with this view. 

X, Tallow was melted in a fmall lilver veflel. Solid 

tallow finks in the fluid, and diflolves without any re¬ 
markable appearance. 2. Gum fandarach in tears was 

not diflolved, but emitted bubbles, fwelled up, became 
brown, emitted fumes, and became crifp or friable. No 
folution nor improvement of the tallow. 3. Shell-lac 

fwelled up with bubbles, and was more perfedly fufed 
than the gum fandarach in the former experiment. 
When the tallow was poured off, it was thought to 

congeal rather more fpeedily. The lac did not appear 
to be altered. 4. Benzoin bubbled without much fwel- 

ling, was fufed, and emitted fumes of an agreeable fmell, 
though not refembling the flowers of benzoin. A flight 
or partial folution feemed to take place. The benzoin 
was fofter and of a darker colour than before,, and the 

tallow lefs confident. 5. Common refin unites very 
readily with melted tallow, and forms a more fufible 
compound than the tallow itfelf. 6. Camphor melts 

eafily in tallow, without altering its appearance. When 
the tallow is near boiling, camphoric fumes fly ofl. 
The compound appeared more fufible than tallow. 

7. The acid or flowers of benzoin diflolves in great 
quantities without any ebullition or commotion. Much 

fmoke arifes from the compound, which does not fmell 

like the acid of benzoin. Tallow alone does not fume 
at a low heat, though it emits a fmell fomething like 
that of oil olive. When the proportion of the acid was 
confidcrable, fmall needled cryftals appeared as the tem¬ 

perature diminifhed. The appearances of feparation are 

different according to the quantity of acid. The com¬ 
pound has the hardnefs and confidence of firm foap, 

and is partially tranfparent. 8. Vitriolated tartar, nitre, 
white fugar, cream of tartar, crydallized borax, and 

the fait fold in the markets under the name of fait of 
lemons, but which is fuppofed to be the effential fait 
of forrel, or vegetable alkali fuperfaturated with acid of 

fugar, were refpe&ively tried without any obvious mu¬ 
tual a&ion or change of properties in the tallow. .9. 
Calcined magnefla rendered tallow opaque and turbid, 

but did not feem to diffolve. Its effeft refeinbled that 

of lime. * * 
“ It is propofed to try the oxygenated acetous acid, 

or radical vinegar ; the acid of ants, of fugar, of borax, 
of galls, the tanning principle, the ferous and gelatinous 

animal matter, the fecula of vegetables, vegetable glu¬ 

ten, bird-lime, and other principles, either by dired or 
indirea application. The objea, in a commercial point 
of view, is intitled to an extenfive and afliduous mvedi- 
gation. Chemids in general fuppofe the hardnefs or 

lefs fudbility of wax to arife from oxygen ; and to this 
objea it may perhaps be advantageous to direa a cer¬ 
tain portion of the inquiry. The metallic faits and cal¬ 
ces are the combinations from which this principle is 
mod commonly obtained; but the combinations of thefe 

with fat oils have hitherto afforded little promife of the 
improvement here fought The fubjea is, however, fo 

little known, that experiments of the loofed and molt 

conjeaural kind are by no means to be defpifed. ^ ^ 

Candle. 
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Canongoc-, Thus far Mr Nicholfon : but it is probable that ma- every edge 

ny of the advantages which he propofes by thefe mix¬ 
tures might be obtained merely by purifying the tallow, 
and keeping it in that hate for a long time expofed to 

the air before it be formed into candles. It is certain 

that tallow is rendered more difficult of fufion by age ; 
and this is the /ole reafon that old candles are lefs apt 

to run, and therefore more valuable than fuch as have 
been lately made. * 

CANONGOES, in Bengal, are the regifters of land 
and hereditary expounders of the ufages of the country. _ » ^ X v* L.X 1 V» V C/ Li li LL Jr | 

l hey have their officers and deputies everywhere ; they 
are not liable to removal ; and all papers attefted by 

them are received as authentic and dectfive in all dif- 
putes relative to lands and their boundaries. See Sir 

Charles Roufe Bought on's D'ljfertation on the Landed Pro¬ 
perty of Bengal. 

CAOUTCHOUC, Elastic Gum, ox Indian Rub¬ 
bery is a fubftance of which a pretty full account has 
been given in the Encyclopaedia It has there been 
likewise obferved how lifeful it might be, if we could 

form it into catheters and other flexible inftruments, by 
diflolving it in a menftruum lefs expenfive, or at lead 
more eafily attained, than ether. Since that article was 
publifhed, we have feen an account of fuch a menftruum 
in the Annales de Chimie, by M. GrofTart (Chirly) ; 

and of the expence of that menftruum, or the difficulty 
of procuring it, no Complaint will be made, when it is 
known to be nothing more than very hot water. 

The author was led to this difeovery by fame experi¬ 
ments made with ether on caoutchouc ; of which he 
gives the following account: 

“ appeared, even in my firft experiments, that I 
was attempting too much, and giving myfelf ufelefs 

trouble, in fearching for a manner of completely diffol- 
ymg the elaftic gum, fo that it might be again made up 

in new forms. I then thought that it would be eafier 
to find out a method, as it were, of foldering it, and of 
not afting upon it more than might be necelTary to 

eaufe its foftened parts to reunite. Experience has 
fhewn me, that a Itrong prelTure made upon two pieces 

of caoutchouc (when brought to that Hate of foftnefs) 
and continued until they are entirely dry, caufed them 
to contrail fo ftrong an adhefion, that the piece, being 
pulled out till it broke, often broke, not at the united 
part, but by the fide of it. 

“By means of ether I immediately fucceeded in ma¬ 
king thefe tubes. The method which appears to me to 
fucceed the bell is, to cut a bottle circularly in a fpi- 
ral flip of a few lines in breadth. It is very eafy to cut 
a bottle in fuch a manner as to form a Angle long flip 
and thus unneceflary joinings are avoided. v' 

■ r‘J^e 'Yho(!e % is to b.e plunged into ether until it 
js lumciently foftened, which comes to pafs fooner or 
later according to the quality of the vitriolic ether that 

is employed. Half an hour frequently fuffices ; but I 

have already obferved, that there is a great diverfity in 
the manner in which different forts of vitriolic ether a<ft 
and of which the eaufe is not yet, fo far as I know, de- 
termined. 

“ The flip being taken out, one of the extremities is 
to be taken hold of and rolled, firft upon itfelf at the 
bottom of the tube, prefling it; then the rolling is to 
be continued, mounting fpirally along the mould, and 

taking care to lay over and comprefs with the hand 
buppL. Vol. I. Part I. 

GAO 
„ ■» one again ft the other, fo that there may 

not be any vacant fpace, and that all the edges may join 

exa£lly, The whole then is to be bound hard with a 
tape of an inch in width, taking care to turn it the 
fame way with the flip of elaftic gum. The tape is to 
be tied up with packthread, fo that, by every turn of 

the packthread joining another, an equal preffure is 
given to every part: it is then left to dry, and the tube 
is made. 

^be bandage is to be taken off with great care, 
that none of the outward furfaces, which may have been 

Caout¬ 
chouc. 

lodged within the hollows of the tape (of which the 
caoutchouc takes the exa& impreffion), may be pulled 
away. I advife the application of a tape before pack¬ 
thread, becaufe, efpecially in the thinner tubes, we ffiould 
run the rifle of cutting the caoutchouc if the packthread 
were applied immediately upon it. 

“ It is eafy to take off the tube of elaftic gum which 
has been formed upon a folid mould of one piece: if 
the mould be made rather conic, it may be made* to 

Hide off by the fmaller end ; at the worft, it is eafily 
accompliffied by plunging it into hot water; for it is 

ioltened by the heat, and is diftended : without this 
precaution it would be fometimes difficult to draw it off 

becaufe, having heen applied upon the mould 
wlnlft ,t had its volume augmented by the interpofition 
of the ether, the parts of the caoutchouc are drawn 

nearer each other by the evaporation of the interpofed 
bodies. r 

“ The great affinity between thefe two bodies is feen 
by the length of time that the odour of the ether re- 

mams, notwithftanding the great volatility of the latter 
and that the apparent drynefs of the tube feeins to fhew 
that there is none remaining ; neverthelefs, after a cer¬ 
tain time, the odour difappears entirely. One of thofe 
tubes, which was made with ether after the method 

here defcribed, does not retain the leaft trace of the fol- 
vent It is needlefs to fay that it is eafy to make tubes 
as thin or as thick as may be judged proper. 

“ Although the procefs that 1 am now deferibing is 
but very little expenfive, yet I have tried to employ 

other folvents in lieu of ether, becaufe it is not to be • 
had in every place, and requires particular care in its 
prefervation. I have employed, with fome fuccefs, the 
eiiential oils of lavender and of turpentine: both of them 
ipeedily dilate the caoutchouc, and are of no <rreat 
price. 1 he difagreeable fmell of the oil of turpentine 
becomes, perhaps, in procefs of time, lefs difagreeable 
than that of lavender. This laft is dearer: but the dif 
ference is not fo great as it appears at firft; for we may 

make fome advantage of the oil of lavender that is em¬ 
ployed by the following operation : Upon plunging in- 
to alcohol the elaftic tube prepared with the oil of la. 

vender, the alcohol charges itfelf with the oil, and forms 

a very good lavender water; the fame as would be made 
by an immediate mixture of oil of lavender with fpirit 
of wine. Immerfion in this liquor alfo ferves to haften 

the drying °f the caoutchouc inftruments thus made 
by means of eiiential oils. I have made tubes with.,the 

oils of turpentine and of lavender; both are much flow¬ 
er in evaporating than ether. The oil of turpentine 
particularly appeared to me always to have a kind of 
ftickmefs, and I know not as yet that we have any 

means whereby rt0 Set Ipeedily rid of its fmell. 7 
Neverthelefs there is a folvent which has not that 

^ incon- 
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1 ri pvneuce of ether is very little* fince it is needful only to 

it is cheaper, and may eafily be procu- evpence 01 ctner ^ fcrm,crl,t inconvenience; u » -7-' r' *• • 
red-by every one : this folvent is water. I conceive it 
will appear Itrange to mention water as a folvent of el - 

tic ffum, that liquid having been always fuppofedto 
have no aftion upon it. I myfelf refilled the ulea; but 

reflefting that ether, by being faturated with water, s 
the better enabled to aft on caoutchouc, and that this 
gum when plunged into boiling water becomes more 
tranfparent at the edges, I prefumed that this effeft was 

not due Amply to the dilatation of its volume by the 
heat. I thought that, at that temperature, fome ac¬ 
tion might take place, and that a long-continued ebul¬ 

lition might produce more fenfible effefts. I was not 
difappointed in my expectations, and one of thofe tubes 
was^repared without any other folvent than water and 

beat.” 1 proceeded in the fame manner as with ether . 
the elaftic gum dilates but very little in boiling water , 
it becomes whitiffi, but recovers its colour again by dry¬ 
ing k in the air and light. It is ft.ffic.ently prepared 
Jufe when it has been a quarter of an hour in boiling 

water: by this time its edges are fometimes transpa¬ 

rent. It is to be turned fpirally round the mould, in 
the manner we deferibed before, and replunged fre- 

quently into the boiling water during the time that is 
employed in forming the tube, to the end that the edges 

may be difpofed to unite together. When the whole 
is bound with packthread, it is to be kept fome hours 

in boiling water ; after which it is to be dried, kill keep- 

lnS‘<°If we' vvifhToSbe more certain that the connexion 

is perfect, the fpiral may be doubled ; but we muft al¬ 
ways avoid placing the exterior furfaces of the Alps one 

upon the other, as thofe furfaces are the parts which 

mPoa refill the aftion of folvents. This precaution is 
lefs neceffary when ether is employed, on account oi its 

great aftion upon the caoutchouc. 
g “ It might be feared that the aftion of water upon 
caoutchouc would deprive us of the advantages wh.ch 

might otherwife be expefted ; but thefe fears will be 
removed, if we confider that the affinities differ accord¬ 

ing to the temperatures ; that it is only at a very high 
temperature that water exercifes any fenfible aftion up¬ 

on caoutchouc. I can affirm, that at ,: of Reaumur s 
thermometer (302° of Fahrenheit) this affinity is not 

fuch as that the water can give a liquid form to caout¬ 

chouc ; and it does not appear that we have any thing 
to fear in praftice from a combination between thefe 
two bodies^ which, though it really is a true folut.on 

does not take place in any fenfible degree uUahij 
temperature. It is therefore at prefent eafy to make oi 
caoutchouc whatever inftruments it may be advantage, 

ous to have of a flexible, fupple, and elaftic fubftance, 
which is impermeable to water at. the temperature of 
our atmofphere, and refills the aftion of acids as well 

as that of moft other folvents. As to the durability oi 
thefe inftruments, fewfubftances promife more than this, 

becaufe it may be foldered afreffi in a damaged part. 
Anv woven fubftance may be covered with it; it is on¬ 
ly required that the fubftance ihould be of a nature not 
to be afted upon during the preparation, either by ether 
or by boiling water ; for thefe two agents are thole 
which appear to me to merit the preference. Aitiits 

will frequently find an advantage in employing ether, 
as it requires lefs time ; fo that a perfon may make, m 

a Angle day, any tube he may have occafion lor. j.ne 

difpofe the caoutchouc to adhere 5 and being brought 
into that (late, the caoutchouc may be kept in a veflel 

perfeftly well clofed. It would alfo dimimih the ex- 
pence of the ether if, inftead of walhing it with a large 

quantity of water, there Ihould be added to it only as 

much water as it can take up.” , 
CAP and Button,' are two fmall lflands, or rather 

rocks, lying in longitude 105’ 48' 3 f eaft 5 and in la¬ 
titude, the former 50 58' 30", the latter 50 49' fouth. 
They were vifited by fome of the perfons attending 
Lord Macartney on his embaffy to China; and are thus 

deferibed by Sir George Staunton. 
“ At a little diftance they might be miftaken lor the 

remains of old caftles, mouldering into heaps of rums, 
with tall trees already growing upon the tops; but at 
a nearer view, they betrayed evident marks of a volca. 
nic origin. Explofions from fubterraneous fires, pro¬ 

duce, for the moft part, hills of a regular (hape, and ter- 
minuting in truncated cones; but when from a fub- 
aqueous volcano eruptions are thrown up above the 

furface of the fea, the materials, falling back into the 
water, are more irregularly oifperfed, and generally 

leave the iides of the new creation naked and milhapen, 
as in the inftance of Amsterdam, and of thofe fmaller 

fpots called, from fome refemblance m (hape, the Lap. 

and Button. . , 
Cap were found two caverns, running ho- 

rizontally into the fide of the rock j and in thefe were a. 
number of thofe birds nefts fo much prized by the Chi- 
nefe epicures. They feemed to be compofed of fine fi¬ 
laments cemented together by a tranfparent vifcous mat¬ 

ter, not unlike wliat is left by tlie foam of the fea up¬ 
on Hones alternately covered by the tide, or thofe gela¬ 

tinous animal fubftances found floating on every coaft. 
The nefts adhere to each other, and to the hdes ot the 

cavern, moftly in rows, without any break or interrup- 
tion The birds that build thefe nefts are fmall grey 

fwal’lows, with bellies of a dirty white. They were 
flying about in conf.derable numbers; but they were fo 

fmall, and their flight fo quick, that they efcaped the 
{hot fired at them. The fame nefts are faid alfo to be 

found in deep caverns, at the foot of the higheft moun¬ 
tains in the middle of Java, and at a diftance from the 
fea, from which the birds, it is thought, derive no ma¬ 
terials, either for their food or the conftruftion of their 

nefts ; as it does not appear probable they Ihould fly, 
in fearch of either, over the intermediate mountains, 

which are very high, or againft the boifterous winds 
prevailing thereabouts. They feed on infefts, which 

they find hovering over ftagnated pools between the 
mountains, and for catching which their wide opening, 

beaks are particularly adapted. They prepare their 
nefts from the beft remnants of their food. Then 
greateft enemy is the kite, who often intercepts them in- 
their paffage to and from the caverns, which are gene¬ 
rally furrounded with rocks of grey limeftone or white 
marble The nefts are placed in horizontal rows at 

different depths, from 50 to 500 feet. The colour and 
value of the nefts depend on the quantity and quality 
of the infefts caught, and perhaps alfo on the fituation 
where they are built. Their value is chiefly determined 
by the uniform finenefs and delicacy of their texture , 

thofe that are white and tranfparent being.moft. efteem- 

ed, and fetching often in China their weight m filver. 
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Cap, Thefe nefts are a confiderable objeX of traffic among 

the Javanefe, and many are employed in it from their 

infancy. The birds having fpent near two months in 
preparing their nefts, lay each two eggs, which are 
hatched in about fifteen days. When the young birds 
become fledged, it is thought time to feize upon their 
nefts, which is done regularly thrice a-year, and is ef- 

feXed by means of ladders of bamboo and reeds, by 
which the people defcend into the cavern; but when it 

is very deep, rope ladders are preferred. This operation 
is attended with much danger; and feveral break their 

necks in the attempt. The inhabitants of the moun¬ 
tains generally employed in it begin always by facri- 

ficing a buffalo ; which cuftom is conftantly obferved 
by the Javanefe on the eve of every extraordinary en- 

terprife. They alfo pronounce feme prayers, anoint 
themfelves with fweet-feented oil, and fmoke the en¬ 
trance of the cavern with gum-benjamin. Near fome 
of thofe caverns a tutelar goddefs is worfhipped, whofe 
prieft burns incenfe, and lays his proteXing hands on 
every perfon preparing to defcend into the cavern. A 

flambeau is carefully prepared at the fame time, with a 
gum which exudes from a tree growing in the vicinity, 
and is not eafily extinguffhed by fixed air or fubterra- 
neous vapours. The fwallow which builds thofe pefts 

is deferibed as not having its tail feathers marked with 
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white fpots, which is a charaXer attributed to it by Cape* 
Linnaeus ; and it is poffible that there arc two fpecies 11 
or varieties of the fwallow, whofe nefts are alike va- , ^ 
luable.” See BiRDS-NeJls, Encycl. 

CAPE of Good Hope. See Good Hope, both in 
Encycl. and this Supplement. 

CAPITAL of a Bastion, is an imaginary line 
dividing any work into two equal and fimilar parts ; or 

a line drawn from the angle of the polygon to the point 
of the baftion, or from the point of the baftion to the 
middle of the gorge. 

CAPRA, or the She-goat, a name given to the 
ftar Capella, on the left fhoulder of Auriga, and fome- 
times to the conftellation Capricorn. Some again re- 
prefent Capra as a conftellation in the northern bemif- 
phere, confifting of three ftars, comprifed between the 

45th and 55th degree of latitude.—The poets fable her 
to be Amalthea’s goat, which fuckled Jupiter in his 
infancy. 

CAPUT Draconis, or Dragon's Heady a name 
given by fome to a fixed ftar of the iirft magnitude, in 
the head of the conftellation Draco. 

CARBON. See Chemistry in this Supplement % 
Part I. Chap. II. SeX. iii. 

CARP. See Cyprinus, both in the Encycl. and 
in this Supplement. 
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Definition. HHHE art of framing timber for the purpofes of archi- 

tenure, machinery, and, in general, for all confi¬ 
derable ftruXures. 

It is not intended in this article to give a full account 
of carpentry as a mechanical art, or to deferibe the va¬ 
rious ways of executing its different works, fuited to 
the variety of materials employed, the proceffes which 
muft be followed for fafhioning and framing them for 

4 our purpofes, and the tools which muft be ufed, and the 
manner in which they muft be handled : This would 
be an occupation for volumes ; and though of great im¬ 
portance, muft be entirely omitted here. Our only aim 
at prefent will be to deduce, from the principles and 
laws of mechanics, and the knowledge which experience 
and judicious inferences from it have given us concern¬ 
ing the ftrength of timber, in relation to the ftrain laid 
on it, fuch maxims of conftruXion as will unite econo¬ 
my with ftrength and efficacy. 

This objeX is to be attained by a knowledge, ift, of 
the ftrength of our materials, and of the abfolute ftrain 
that is to be laid on them ; 2dly, of the modifications 
of this ftrain, by the place and direXiou in which it is 
exerted, and the changes that cap be made by a proper 

difpofition of the parts of our ftruXure; and, 3dly, ha¬ 
ving difpofed every piece in fuch a manner as to derive 
the utmoft advantage from its relative ftrength, we muft 

know how to form the joints and other connexions in 
fuch a manner as to fecure the advantages derived from 

2 this difpofition. 

An impor- This is, evidently, a branch of mechanical fcience, 

^bl?nch which makes carpentry a liberal art, conftitutes part of 

callcience1'1'^6 ^earninS t^e Engineer* and diftinguifhes him 
from the workman. Its importance in all times and 

ftates of civil fociety is manifeft and great. In the pre¬ 

fent condition of thefe kingdoms, raifed, by the aXive 
ingenuity and energy of our countrymen, to a pitch of 
profperity and influence unequalled in the hiftory of 
the world, a condition which confifts chiefly in the fu- 

periority of our manufaXures, attained by prodigious 
multiplication of engines of every defcription, and for 
every fpecies of labour, the Science (fo to term it) of 

carpentry is of immenfe confequeuce. We regret 
therefore exceedingly, that none of our celebrated ar- 
tifts have done honour to themfelves and their country, 

by digefting into a body of confecutive doXrines the 
refults of their great experience, fo as to form a fyftem 
from which their pupils might derive the firft principles 
of their education. The many volumes called Com¬ 

plete Instructors, Manuals, Jewels, &c. take a 

much humbler flight, and content themfelves with in- 
ftruXing the mere workman, or fometimes give the ma¬ 
de r-builder a few approved forms of roofs and other 
framings, with the rules for drawing them on paper; and 
from thence forming the working draughts which muft 
guide the faw and the chiffel of the workman. Hardly 
any ol them offer any thing that can be called a prin¬ 
ciple, applicable to many particular cafes, with the rules 

for this adaptation. We are indebted for the greateft Principally 
part of our knowledge of this fubjeX to the labours of indebted to 
literary men, chiefly foreigners, who have publifhed in f°rc,gners 

the memoirs of the learned academies differtations 

different parts of what may be termed the fcience 0/YubjeX. 1 
carpentry. It is Angular that the members of the Royal 
Society of London, and even of that eftablifhed and fup- 

ported by the patriotifm of thefe days for the encou¬ 
ragement of the arts, have contributed fo little to the 
public inftruXion in this refpeX. We obferve of late 

fome beginnings of this kind, fuch as the laft part of 

X 2 Nicholfon’a 
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Nicholfon’s Carpenters, and Joiners Assistant, 

publifhed by J. Taylor, Holborn, 1797* And it is 
with pleafure that we can fay, that we were told by the 
editor, that this work was prompted in a great meafure 
by what has been delivered in the Encyclopedia Britan- 

nica in the articles Roof and Strength of Materials. 
It abounds more in important and new ubfervations than 

any book of the kind that we are acquainted with. We 
again call on fuch as have given a fcientific attention to 

this fubjed, and pray that they would render a merito¬ 
rious fervice to their country by imparting the refult of 

their refearches. The very limited nature of this work 
does not allow us to treat the fubjed in detail; and we 

mull confine our obfervations to thb fundamental and 

4 leading proportions. 
Theory, The theor^(fo to term it) of carpentry is founded 

whafCd °n on tw0 diftin& portions of mechanical fcience, name¬ 
ly, a knowledge of'the {trains to which framings of 

timber are expofed, and a knowledge of their relative 

llrength. . j* 

We fhall therefore attempt to bring into one point of 

view the propofitions of mechanical fcience that are 
more immediately applicable to the art of carpentry, 

and are to be found in various articles of our work, 

particularly Roof and Strength of Materials. From 
thefe proportions we hope to deduce fuch principles as 

fhall enable an attentive reader to comprehend diilindly 
what is to be aimed at in framing timber, and how to 
attain this objed with certainty : and we fhall illuf- 
trate and conhrm our principles by examples of pieces 
of carpentry which are acknowledged to be excellent 

5 in their kind. 
Compofi- The mod important propofition of general mechanics 

fohition of'to t^ie carPenter t^iat exhibits the compofition 
forces0” ° and refolution of forces ; and we beg our pradical rea¬ 

ders to endeavour to form very diflind conceptions of 

it, and to make it very familiar to their mind. When 
accommodated to their chief purpofes, it may be thus 

exp re (fed : 
t. If a body, or any part of a body, be at once pref- 

IdatcVIII. *n the tw0 diredio*is AB, AC (fig. 1), and if 

the intenfity or force of thofe preffures be in the pro¬ 
portion of thefe two lines, the body is affeded in the 
fame manner as if it were preffed by a fingle force ad- 

ing in the diredion AD, which is the diagonal of the 
parallelogram ABDC formed by the two lines, and 
whofe intenfity has the fame proportion to the intenfity 

of each of the other two that AD has to AB or AC. 
Such of our readers as have Jludied the laws of mo¬ 

tion, know that this is fully demonflrated. We refer 
them to the article Mechanics, n° 5, &c. where it is 
treated at fome length. Such as wifh for a very accu¬ 

rate view of this propofition, will do well to read the 
demonflration given by D. Bernoulli, in the firfl vo¬ 

lume of the Comment. PetropoL and the improvement of 
this demonflration by D’Alembert in his Opufcles, and 
in the Comment. 'Taurinenf The praditioner in car¬ 
pentry will get more ufeful confidence in the dodrine, 
if he will fhut his book, and verify the theoretical de- 

6 monflrations by adual experiments. They are remark* 
Illuftrated ably eafy and convincing. Therefore it is our requefl 
by experi- the artifl, who is not fo habitually acquainted with 

the fubjed, do not proceed further till he has made it 
quite familiar to his thoughts. Nothing is fo condu¬ 

cive to this as the adual experiment ; and fmce this on* 

ment. 

N T R Y. 
ly requires the trifling expcnce of two fmall pulleys and 
a few yards of whipcord, we hope that none of our 
pradical readers will omit it; They will thank us for 

this injundion. 
2. Let the threads A d9 AF b> and AE c (fig. 2.), 

have the weights d9 b9 and c9 appended to them, and 
let two of the threads be laid over the pulleys F and E. 

By this apparatus the knot A will be drawn in the di- 
redions AB, AC, and AK. If the fum of the weights 
b and c be greater than the fingle weight d9 the affem- 
blage will of itfelf fettle in a certain determined form ; 

if you pull the knot A out of its place, it will always 
return to it again, and will refl in no other polition. 

For example, if the three weights are equal, the threads 
will always make equal angles, of 120 degrees each, 

round the knot. If one of the weights be three pounds, 
another four, and the third five, the angle cppofite to the 

thread flretched by five pounds will always be fquare,&c. 
When the knot A is thus in equilibrio, we mull infer, 

that the adion of the weight d9 in the diredion A dt 

is in dired oppofition to the combined adion of b9 in 

the diredion AB, and of c9 in the diredion AC. 
Therefore, if we produce d A to any point D, and 
take AD to reprefent the magnitude of the force, or 

preffure exerted by the weight d9 the preffures exerted 
on A by the weights b and c9 in the diredions AB, 
AC, are in fad equivalent to a preffure ading in the 
diredion AD, whofe intenfity we have reprefented by 

AD. If we now meafure off by a fcale on AF and 
AE the lines AB and AC, having the fame propor¬ 

tions to AD that the weights b and c have to the weight 

d9 and if we draw DB and DC, we fhall find DC to 
be equal and parallel to AB, and DB equal and paral¬ 
lel to AC ; fo that AD is the diagonal of a parallelo¬ 
gram ABDC. We fhall find this always to be the 

cafe, whatever are the weights made ufe of; only we 

mufl take care that the weight which we caufe to ad 
without the intervention of a pulley be lefs than the 

fum of the other two : if any one of the weights ex¬ 
ceeds the fum of the other two, it will prevail, and drag" 

them along with it. 
Now, lince We know that the weight d would jufl 

balance an equal weighty, pulling diredly upwards by 
the intervention of the pulley G; and fince we fee that 

it jufl balances the weights b and c9 ading in the direc¬ 
tions AB, AC, we mufl infer, that the knot A is af¬ 
feded in the fame manner by thofe two weights, or by 
the fingle weight g ; and therefore that t<wo preffures, 

a fling in the directions, and with the intenfities9 AB, AC, 
are equivalent to a fingle preffure having the direction and 

proportion of AD. In like manner, the preffures AB, 
AK, are equivalent to AH, which is equal and op- 

polite to AC. Alfo AK and AC are equivalent to 

AI, which is equal and oppolite to AB. 7 
We fhall confider this combination of preffures a little Confidere* 

. y 1 more parti- 
more particularly. cuUrly. 

Suppofe an upright beam BA (fig. 3.) pufhed in 

the diredion of its length by a load B, and abutting on 

the ends of two beams AC, AD, which are firmly re¬ 
filled at their extreme points C and D, which refl on „ 
two blocks, but are nowife joined to them : thefe two 

beams can refill no way but in the diredions CA, DA; 
and therefore the preffures which they fuflain from the 

beam BA are in the diredions AC, AD. We wifh 

to know how much each fuftains ? Produce BA to E, 
taking 
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taking AE from a fcale of equal parts, to reprefent the 

' number of tons or pounds by which BA is prefled. 

N Draw EF and EG parallel to AD and AC; then AF, 
meafured on the fame fcale, will give us the number of 

pounds by which AC is ftrained or cruihed, and AG 
will give the ftrain on.AD. 

It deferves particular remark here, that the length 

df AC or AD has no influence on the ftrain, arifing 
from the thruft of BA, while the dire&ions remain the 

fame. The effe&s, however, of this ftrain are modifi¬ 
ed by the length of the piece on which it is exerted. 
Th is ftrain compreffes the beam, and will therefore com- 
prefs a beam of double length twice as much. This 

may change the form of the aflemblage. If AC, for ex¬ 
ample, be very much fhorter than AD, it will be much 

lefs compreffed : The line CA will turn about the cen¬ 
tre C, while DA will hardly change its pofition ; and 
the angle CAD will grow more open, the point A fink¬ 
ing' down. The artill will find it of great confequence 
to pay a very minute attention to this circumftance, and 
to be able to fee clearly the change of ftiape which ne- 
cefiarily refults from thefe mutual ftrains. He will fee 
in this the caufe of failure in many very great works.— 
By thus changing ftiape, ftrains are often produced in 
places where there were none before, and frequently of 
the very worft kind, tending to break the beams 
acrofs. 

The dotted lines of this figure fhew another pofition 
of the beam AD7. This makes a prodigious change, 
not only in the ftrain on AD', but alfo in that on AC. 
Both of them are much increafed; AG is almoft 
doubled, and AF is four times greater than before. 
This addition was made to the figure, to fhew what 
enormous ftrains may be produced by a very moderate 
force AE, when it is exerted on a very obtufe angle. 

The 4th and 5th figures will aflift the moft uninftruft- 
ed reader in conceiving how' the very fame ftrains AF, 
AG, are laid on thefe beams, by a weight fimply hang¬ 
ing from a billet refting on A, prefling hard on AD, 

and alfo leaning a little on AC ; or by an upright piece 
AE, joggled on the two beams AC, AD, and per¬ 
forming the office of an ordinary king-poft. The read¬ 
er will thus learn to call off his attention from the means 
by which the ftrains are produced, and learn to confider 
them abftra&edly, merely as ftrains, in whatever fituation 
lie finds them, and from whatever caufe they arife. 

We prefume that every reader will perceive, that 
the proportions of thefe ftrains will be precifely the 
fame if every thing be inverted, and each beam be 
drawn or pulled in the oppofite dire&ion. In the fame 
way that we have fubftituted a rope and weight in fig. 
4. or a king-poft in fig. 5. for the loaded beam BA of 

%♦ 3* .we might have fubftituted the framing of fig. 6. 
which is a very ufual pra&ice. In this framing, the 

batten DA is ftretched by a force AG, and the piece 

AC is comprefied by a force AF. It is evident that 
we may employ a rope, or an iron rod hooked on at D, 

m place of the batten DA, and the ftrains will be the 
fame as before. 

# This feemingly Ample matter is ftill full of inftruc- 
tion ; and we hope that the well-informed reader will 

pardon us, though we dwell a little longer on it for the 
fake of the young artift. 

By changing the form of this framing, as in fig. 7. 

we produce the fame ftrains as in the difpefition repre- 

fented by the dotted lines in fig. 3. The ftrains on 

both the battens AD, AC, are now greatly increafed. 

The fame confequences refult from an improper 
change of the pofition of AC. If it is placed as in fig. 

8. the ftrains on both are vaftly increafed. I11 ftiort, 
the rule is general ; that the more open we make the 
angle againft which the pufti is exerted, the greater are 

the ftrains which are brought on the ftruta or ties which 
form the fides of the angle. 

The reader may not readily conceive the piece AC 
of fig. 8. as fuftaining a compyeffion ; for the weight 

B appears to hang from AC as much as from AD. 

But his doubts will be removed by confidering whether 
he could employ a rope in place of AC. He cannot; 

But AD may be exchanged for a rope. AC is there¬ 
fore a ftrut and not a tie. 

In fig. 9. AD is again a ftrut, butting on the block 
D, and AC is a tie : and the batten AC may be re¬ 
placed by a rope. While AD is compreffed by the 
force AG, AC is ftretched by the force AF. 

If we give AC the pofition reprefented by the dotted 
lines, the comprefiion of AD is nowAG;, and the fore* 
ftretching AO is now AF'; both much greater than 

they were before. This difpofition is analogous to fig. 
8. and to the dotted lines in fig. 3. Nor will the young 
artift have any doubts of AC' being on the ftretch, if 

he confider whether AI) can be replaced by a rope. 

It cannot, but AC' may ; and it is therefore not com- 
preffed, but ftretched. 

In fig. iq. all the three pieces, AC, AD, and AB, 
are ties on the ftretch. This is the complete inverfion 

°f 3*» an^ the dotted pofition of AC induces the 
fame changes in the forces AF', AG', as in fig. 3. 

Thus have we gone over all the varieties which can 
happen in the bearings of three pieces on one point. All 

calculations about the ftrength of carpentry are redu¬ 
ced to this.cafe : for when more ties or braces meet in 
a point (a thing that rarely happens), we reduce them 
to three, by fubftituting for any two the force which 
refults from their combination, and then combining this 
with another ; and fo on. 

The young artift muft be particularly careful not to 
miftake the kind of ftrain that is exerted on any piece 
of the framing, and fuppofe a piece to be a brace which 
is really a tie. It is very eafy to avoid all miftakes in 
this matter by the following rule, which has no excep- 
tion. . g 

Take notice of the dire&ion in which the piece a<fts Rule for 
from which the ftrain proceeds. Draw a line in that diftingnifh, 

dire&ion from the point on which the ftrain is exerted ca~ 

and let its length (meafured 011 fome fcale of equalpreffionTnd 
parts) exprefs the magnitude of this a&ion in pounds, extenfion. 
hundreds, or tons. From its remote extremity draw 
lines parallel to the pieces on which the ftrain is exert- v 
ed. The line parallel to one piece will neceffarily cut 
the other, or its dire&ion produced : If it cut the piece 

itfelf, that piece is compreffed by the ftrain, and it is 
performing the office of a ftrut or brace : if it cut its 

direction produced, the piece is ftretched, and it is a 
tie. In ftiort, the ftrains on the pieces AC, AD, are 
to be eflimated in the dire&ion of the points F and G 

’from the ftrained point A. Thus, in fig. 3. the up¬ 

right piece BA, loaded with the weight B, preffes the 
point A in the diredion AE : fo does the rope AB 
in the other figures, or the batten AB in fig. 5. 

la 
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In general, if the {training piece is within the angle 

formed by the pieces which are {trained, the {trains 
which they fuftain are of the oppofite kind to that 
which it exerts. If it be pufhing, they are drawing ; 
but if it be within the angle formed by their directions 
produced, the {trains which they fultain are of the fame 
kind. All the three are either drawing or prefling. If 
the {training piece lie within the angle formed by one 
piece and the produced direction of the other, its own 
ftrain, whether comprefiion or extenfion, is of the fame 

-kind with that of the molt remote of the other two, 
and oppofite to that of the neareft. Thus, in fig. 9. 
where AB is drawing, the remote piece AC is alfo 
.drawing, while AD is putting or refitting comprefiion. 

In all that lias been faid on this fubjeCt, we have not 
fpoken of any joints. In the calculations with which 
we are occupied at prefent, the refiftance of joints has 
no (hare ; and we mutt not fuppofe that they exert any 
force which tends to prevent the angles from changing. 
The joints are fuppofed perfectly flexible, or to be like 
compafs joints ; the pin of which only keeps the pieces 
together when one or more of the pieces draws or pulls. 
The carpenter mutt always fuppofe them all compafs 
joints when he calculates the tlirufts and draughts of the 

different pieces of his frames. The {trains on joints, 
and their power to produce or balance them, are of a 

9 different kind, and require a very different examination. 
General ex- Seeing that the angles which the pieces make with 
preflion of ot^er are Qf fuch importance to the magnitude 

tuderof§the and the proportion of the excited {trains, it is proper to 
{train. find out fome way of readily and compendioufly con¬ 

ceiving and exprefiing this analogy. 
In general, the {train on any piece is proportional to 

the {training force. This is evident. 
Secondly, the {train on any piece AC is proportional 

to the fine of the angle, which the {training force makes 
with the other piece direClly, and to the fine of the 
angle which the pieces make with each other inverfely. 

For it is plain, that the three preffures AE, AF, 
and AG, which are exerted at the point A, are in the 
proportion of the lines AE, AF, and FE (becaufe FE 
is equal to AG). But becaufe the Tides of a triangle 
are proportional to the fines of the oppofite angles, the 
ftrains are proportional to the fines of the angles AFE, 
AEF, and FAE. But the fine of AFE is the fame 
with the fine of the angle CAD, which the two pieces 
AC and AD make with each other ; and the fine of 

AEF is the fame with the fine of EAD, which the 
, {training piece BA makes with the piece AC. There¬ 

fore we have this analogy, Sin. CAD : Sin. EAD — 

AE : AF, and AF := AE —Now the 
Sin. CAD 

fines of angles are raoft conveniently conceived as deci¬ 
mal fractions of the radius, which is confidered as uni¬ 
ty. Thus, Sin, 30° is the fame thing with 0,5, or i ; 
and fo of others. Therefore, to have the ftrain on AC, 
arifing from any load AE acting in the direction AE, 
multiply AE by the fine of EAD, and divide the pro- 
dud by the fine of CAD. 

This rule fhews how great the ttrains mutt be when 
the angle CAD becomes very open, approaching to 
i*8o degrees. But when the angle CAD becomes very 
fmall, its fine (which is our divifor) is alfo very fmall ; 
*and we fhould expeCt a very great quotient in this cafe 

alfo. But we mutt obferve, that in this cafe the fine of 

EAD is alfo very fmall; and this is our multiplier. In 
fuch a cafe, the quotient cannot exceed unity. 

But it is imneeeflary to confider the calculation by 
the tables of fines more particularly. The angles are 
feldom known any otlierwife but by drawing the figure 
of the frame of carpentry. In this cafe, we can al¬ 
ways obtain the meafures of the ftrains from the fame 
fcale, with equal accuracy, by drawing the parallelo¬ 

gram AFCG. 10 
Hitherto we have confidered the ftrains excited at Strains pro* 

A only as they affed the pieces on which they are ex-P^at^^ 

erted. But the pieces, in order to fuftain, or be fubje6t 0tHTupport. 
to, any ftrain, muft be fupported at their ends C and 
D ; and we may confider them as mere intermediums, 
by which thefe ftrains are made to ad on thofe points 
of fupport: Therefore AF and AG are alfo mea¬ 
fures of the forces which prefs or pull at C and D. 
Thus we learn the fupports which muft be found for 
thefe points. Thefe may be infinitely various. We 
fhall attend only to fuch as fomehow depend on'the 

framing itfelf. jj 

Such a ftrudure as fig. II. very frequently occurs, Adion of a 
where a beam BA is ftrongly preffed to the end of an-jh*fi*fing 
other beam AD, which is prevented from yielding, c 

both becaufe it lies on another beam HD, and becaufe 
its end D is hindered from Aiding backwards. It is in¬ 
different From what this preffure arifes : we have re- 
prefented it as owing to a weight hung on at B, while 
B is withheld from yielding by a rod or rope hooked 
to the wall. The beam AD may be fuppofed at full 
liberty to exert all its preffure on D, as if it were fup¬ 

ported on rollers lodged in the beam HD ; but the 
loaded beam BA preffes both on the beam AD and on 
HD. We wifh only to know what ftrain is borne by 

AD ? 
All bodies a61 on each other in the direction perpen¬ 

dicular to their touching furfaces ; therefore the fup¬ 
port given by HD is in a direction perpendicular to it. 

We may therefore fupply its place at A by a beam 
AC, perpendicular to HD, and firmly fupported at C. 
In this cafe, therefore, we may take AE, as before, to 
reprefent the preffure exerted by the loaded beam, and 
draw EG perpendicular to AD, and EF parallel to it, 

meeting the perpendicular AC in F. Then AG is the 

ftrain com£refling AD, and AF is the preffure on the 

beam HD. . it 
It may be thought, that fince we affume as a pnn- phe form 

ciple that the mutual preffures of folid bodies are exert-of theabu? 
ed perpendicular to their touching furfaces, this ba-tingpinM 

lance of preffures, in framings of timbers, depends on 
the directions of tlieir butting joints : but it does not,ancCi 
as will readily appear by conlidering the prefent cafe. 

Let the joint or abutment of the two pieces BA, AD 
be mitred, in the ufual manner, in the direction/ A/^. 
Therefore, rf A e be drawn perdendicular to A/, it 

will be the direction of the aCtual preffure exerted by 
the loaded beam BA on the beam AD. But the re¬ 
action of AD, in the oppofite direction A t9 will not 
balance the preffure of BA ; becaufe it is not in the 
direction precifely oppofite. BA will therefore Aide 
along the joint, and prefs on the beam HD. AE re¬ 
prefent s the load on the mitre joint A. Draw E e per¬ 
pendicular to A<?, and E f parallel to it. The preffure 
A£ will be balanced by the reactions e A andf At or, 

the preffure AE produces the preffures A c and A/; 
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©f which A/ mull be refilled by the beam HD, and 
A e by the beam AD. The prefTure A f not being 
perpendicular to HD, cannot be fully refilled by it; 
becaufe (by our afTumed principle) it reads only in 
a diredion perpendicular to its furface. Therefore draw 

f pyf '1 parallel to HD, and perpendicular to it. The 
prefTure A f will be refilled by HD with the force p A ; 
but there is required another force i A, to prevent the 

beam BA from flipping outwards. This mull be furnifh- 
ed by the readion of the beam DA.—In like manner, 
the other force A e cannot be fully refilled by the beam 
AD, or rather by the. prop D, ading by the interven¬ 
tion of the beam ; for the adion of that prop is exert¬ 

ed through the beam in the diredion DA. The 
beam AD, therefore, is preffed to the beam HD by 

the force A e9 as well as by Af To find what this 
prelTure on-HD is, draw eg perpendicular to HD, and 
e 0 parallel to it, cutting EG in r. The forces g A 

and 0 A will refill, and balance A e* 
Thus we fee, that the two forces A e and A fy which 

are equivalent to AE, are equivalent alfo to A />, A i9 
A 0, and Ag. But becaufe A f and e E are equal and pa¬ 
rallel, and E r and ft are alfo parallel, as alfo e r and 
f p, it is evident, that if is equal to r E, or to 0 F, and 
/ A is equal to re, or to G g. Therefore the four forces 
Ag, A0, Ap, A/, are equal to AG and AF. There- 
fore AG is the compreffion of the beam AD, or the 
force prelfing it on D, and AF is the force preffing it’ 
on the beam HD. The proportion of thefe prelfures,; 
therefore, is not affeded by the form of the joint. 

This remark is important; for many carpenters think, 
the form and diredion of the butting* joint of great 
importance ; and even the theorill, by not profecuting 
the general principle through all its confequences, may 
be led into an error. The form of the joint is of no 
importance, in as far as it affeds the drains in the direc¬ 
tion of the beams ; but it is often of great confequence, 
in refped to its own firmnefs, and the effed it may 
have in hruifing the piece on which it trds, or being 
crippled by it. 

Origin of The. fame compreffion of AB, and the fame thrufl on 
the {train the point D by the intervention of AD, will obtain, in 

b«amtie~ whatever way the original prefTure on the end A is pro¬ 
duced. Thus fuppofing that a cord is made fad at 
A, and pulled in the diredion AE, and with the fame 
force, the beam AD will be equally compreffed, and 
the prop D mud read-with the fame force. 

But it often happens that the obliquity of the pref- 
fure on AD, indead of compreffing it, dretches it ; 
and we defire to know what tendon it fudains ? Of this. 
we have a familiar example in a common roof. Let 
the two rafters AC, AD (fig. 12.), prefs on the tie- 
beam DC. We may fuppofetbe whole weight to prefs 
vertically on the ridge A, as if a weight B were hung, 
on there. We may reprefent this weight by the por¬ 
tion A b of the vertical or plumb line, intercepted be¬ 
tween the ridge and the beam. Then drawing If and 

Ig parallel to AD and AC, A g and Af will reprefent 
the prelfures on AC and AD. Produce AG till CH' 
be equal to Af The point C is forced out in this di¬ 
redion, and with a force reprefentcd by this line. As . 
this force is not perpendicularly acrofs the beam, it evi¬ 

dently dretches it; and this extending force mud he 
with flood by an equal force pulling it in the oppofite 

diredion. This mud arife from a fimilar oblique thrufl 

of the oppofite rafter on the other end D. We con¬ 
cern ourfelves only with this extenfioii at prefent; but 

we fee that the cohelion of the beam does nothing but # 
fupply the balance to the extending forces. It mud 
dill be fupported externally, that it may rcfify and, by 

redding obliquely, be dretched. The points C and D 
are fupported on the walls, which they prefs in the di- 
redions CK and DO, parallel to A b. If we draw HK 
parallel to DC, and III parallel to CK (that is, to Ab)y 
meeting DC produced in I, it follows from the com- 
pofitiou of forces, that the point C would be fupported 

by the two forces KC and IC. In like manner, ma¬ 
king DN = A g, and completing the parallelogram 
DMNO, the point D would be fupported by the forces 
OD and MD. If we draw g 0 and f k parallel to DC, 
it is plain that they are equal to NO and CK, while 
A 0 and Ak are equal to DO and CK, and A b is 
equal to the fum of DO and CK (becaufe it is equal to 

A 0 + A k). The weight of the roof is equal to its 
vertical prefTure on the walls. 

Thus we fee, that \v ole a prefTure on A, in the di¬ 
redion A by produces the flrains Af and A^, on the 
pieces AC and AD, it alfo excites a flrain Cl or DM 
in the piece DC. And this completes the mechanifm 
of a frame ; for all derive their efficacy from the tri¬ 

angles of which they are compofed, as will appear, more 
clearly as we proceed. 14 

But there is more to be learned from this. The^xt.erna^ 
confideration of the flrains on the two pieces AD and*^^” 
AC, by the adion of a force at A, only fhewed them 
as the means of propagating the fame flrains in their 
own diredion to the points of fupport. But, by add¬ 
ing the flrains exerted in DC, we fee that the frame 

becomes an intermedium, by which exertions may be 
made on other bodies, in certain diredions and propor¬ 
tions ; fo that this frame may become part of a more 
complicated one, and, as it were, an element of its con- 
flitution. It is worth while to afeertain the proportion 
of the prelfures CK and DO, which are thus exerted 
on the walls. The fimilarity of triangles gives the fo!-* 
lowing analogies ; . 

DO : DM = Ab : b D 

Cl, or DM : CK = C b: Ab 
Therefore DO : CK = Cb : £D. 

Or, the preffures on the points C and D, in the direction of 
the framing force A by are reciprocally proportional to the 
portions of DC intercepted by A h* 

Alfo, fince A b is r= DO CK, we have 

Ab : CK =z Cb -f h D (or CD) : blf and 
A b : DO = CD : AC. 

In general, any two of the three parallel forces A b> , 
DO, CKj are to each other in the reciprocal propor¬ 

tion of the parts of CD, intercepted between their di¬ 
redions and the diredion of the third. 

And this explains a Hill more Important office of the 
frame ADC. If one of the points, fuch as D, be fup-. 
ported, an external power ading at A, in the diredion 
A by and with an intenfity which may be meafured by 

A by may be fet in equilibrio, with another ading at C, 
in the diredion CL, oppofite to CK or AA and with 

an intenfity reprefented by CK : for fince the prefTure 
CH is partly withflood by the force IC, or the firmnefs 

of the beam DC fupported at D, the force KC will 
complete the balance. When we do not attend to the 

fuppprt at D, we conceive the force Ab to be balanced;: 
by 
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by KC, or KC to be balanced by A b. And, in like the prop; and in doing.this it puts the bar AD on the 
manner, we may negledt the fupport or force adting at ftretch, and alfo the bar DB. Their places might there- 
A, and confider the .force DO as balanced by CK. fore be fupplied by cords or metal wives. Hence it is 

It becomes Thus our frame becomes a lever, and we are able to evident that DC is comprefTed, as is alfo AC ; and, for 
a lever* trace the interior mechanical procedure which gives it the fame reafon, CB is alfo in a date of compreffion ; 

its efficacy : it is by the intervention of the forces of for either A or B may be confidered as the point that 
cohefion, which connedt. the points to which the exter- is impelled or withheld. Therefore DA and DB are 
nal forces are applied with the fupported point or ful- ftretched, and are refilling with attradlive forces. DC 
crum, and with'each other. and CB are comprefTed, and are refilling with repulfive 

Thefe drains or preffures A b, DO, and CK, not be- forces. DB is alfo adting with repulfive forces, being 
ing in the diredtions of the beams, may be called tranf- comprelfed in like manner: and thus the fupport of 
<verfe, We fee that by their means a frame of carpen- the prop, combined with the firmnefs of DC, puts the 
try may be confidered as a folid body: but the example frame ADBC into the condition of the two frames in 
which brought this to our view is too limited for ex- fig. 8. and fig. 9. Therefore the external force at A 
plaining the efficacy which may be given to fuch con- is really in equilibria with an attracting force adting in 
ltrudtions. We ffiall therefore give a general propofi- the diredtion AD, and a repulfive force adting in the 
tion, which will more didindtly explain the procedure diredtion AK. And fince all the connedling forces are 

of nature, and enable us to trace the drains as they are mutual and equal, the point D is pulled or drawn in the 
propagated through all the parts of the-mod complica- diredtion DA. The condition of the point B is fimi- 
ted framing, finally producing the exertion of its mod lar to that of A, and D is alfo drawn in the diredtion 

I(5 diftant points. DB. Thus the point D, being urged by the forces in 

General We prefume that the reader is now pretty well habi- the diredtions DA and DB, prefTes the beam DC on 
propofi- tuated to the conception of the drains as they are pro- the prop, and the prop relids in the oppofite diredtion. 

,£“>n* pagated along the lines joining the points of a frame, Therefore the line DC is the diagonal of the parallelo- 
and we fhall therefore employ a very fimple figure. gram, whofe fides have the proportion of the forces 

Let the drong lines ACBD (fig. 13.) reprefent a which connedt D with A and B. This is the prin- 
frame of carpentry. Suppofe that it is pulled at the ciple on which the red of our invedigation proceeds, 
point A by a force adting in the diredtion AE, but We may take DC as the reprefentation and meafure of 

that it reds on a fixed point C, and that the other ex- their joint effedt. Therefore draw CH, CG, parallel 
treme point B is held back by a power which redds in to DA, DB. Draw HL, GO, parallel to CA, CB, 
the diredtion BF : It is required to determine the pro- cutting AE, BF in L and O, and cutting DA, DB 
portion of the drains excited in its different parts, the in I and M. Complete the parallelograms ILKA, 
proportion of the external preffures at A and B, and MONB. Then DG and AI are the equal and oppo- 
the preffure which is produced on the obdacle or ful- fite forces which connedt A and D ; for GD = CH, 

crum C ? = AI. In like manner DH and BM are the forces 
It is evident that each of the external forces at A which connedt D and B. 

and B tend one way, or to one fide of the frame, and The external force at A is in immediate equilibria 
that each would caufe it to turn round C if the other, with the combined forces, connedling A with D and 
did not prevent it; and that if, notwitliflanding their ac- with C. AI is one of them: Therefore AK is the 
tion, it is turned neither way, the forces in adtual exer- other ; and AL is the compound force with which 
tion are in equilibrio by the intervention of the frame, the external force at A is in immediate equilibrium. 
It is no lefs evident that thefe forces concur in preffing This external force is therefore equal and oppofite to 
the frame on the prop C. Therefore, if the piece CD AL. In like manner, the external force at B is equal 

were away, and if the joints C and D be perfedtly flexi- and oppofite to BO ; and AL is to BO as the exter- 
ble, the pieces CA,CB would be turned round the prop nal force at A to the external force at B. The prop 
C, and the pieces AD, DB would alfo turn with them, C refills with forces equal to thofe which are propagated 
and the whole frame change its form. This (hews, to it from the points D, A, and C. Therefore it re- 
by the way, and we defire it to be carefully kept in Ms with forces CH, CG, equal and oppofite to DG, 

mind, that the firmnefs or fliffnefs of framing depends DH ; and it refills the compreffions KA, NB, with 
entirely on the triangles bounded by beams which are equal and oppofite forces C h, C n. Draw hi, n 0 .pa- 

contained in it. An open quadrilateral may always rallel to AD, BD, and draw C /Q^, C 0 P : It is plain 
change its ffiape, the fidcs revolving round the angles, that k CH 1 is a parallelogram equal to KAIL, and that 
A quadrilateral may have an infinity of torms, without C / is equal to AL. In like manner C 0 is equal to 
any change of its fides, by merely pufhing two oppo. BO. Now the forces C h, CH, exerted by the prop, 
fite angles towards each other, or drawing them afun- compofe the force Cl; and Cn, CG compofe the force 
der. But when the three fides of a triangle are deter- C 0. Thefe two forces C /, C 0 are equal and parallel 
mined, its ffiape is alfo invariably determined ; and if to AL and BO ; and therefore they are equal and op- 
two angles be held fafl, the third cannot be moved. It pofite to the external forces adting at A and B. But 
is thus that, by inferting, the bar CD, the figure be- they are (primitively) equal and oppofite to the pref- 
comcs unchangeable ; and any attempt to change it by fures (or at leaft the compounds of the prelTures) exert- 
applying a force to an angle A, immediately excites ed on the prop, by the forces propagated to C from 
forces of attradlion or repulfion between the particles A, D, and B. Therefore the preffures exerted on the 
of the Jdnff which form its fides. Thus it happens, in prop are the fame as if the external forces were applied 
the prefent inltance, that a change of ffiape is prevented there in the fame diredtions as they are applied to A 

by the bar CD. The power at A prefTes its end againft and B. Now if we make CV, CZ equal to C / and C o9 
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'tnid complete the parallelogram CVYZ; it is plain that 
the force YC is in equilibrio with /C and 0C. There¬ 
fore the prdfures at A, C, and B, are fuch as would 
balance if applied to one point. 

Laftly, in order to determine their proportions, draw 
CS and CR perpendicular to DA and DB. Alfo draw 
A d, B/ perpendicular to CQjtnd CP ; and draw Cg, 
C i perpendicular to AE, BF. 

The triangles CPU and BP/ are fimilar, having a 
common angle P, and a right angle at R and j\ 

In like manner the trian gles CQS and AQ[d are fi- 
milar. Alfo the triangles CHR, CGS arc fimilar, by 
reafon of the equal angles at H and G, and the right 

angles at R and S. Hence we obtain the following 
analogies : 

' Co : CP = On : PB, = CG : PR 
CP : CR rr PB :/B 
CR: CS = CH:CG 
CS : CQj= Ad : A <3 
CQj C / = AQj K /, = AQj CH. 

Therefore, by equality, 
Co : C/ = Ad:fB 

or BO : AL r= C^:Ci. 
That is, the external forces are reciprocally propor¬ 
tional to the perpendiculars drawn from the prop on 
the lines of their direftion (a). 

Extenfive 1 his proportion (fufliciently general for our pur- 
confequen- pofe) is fertile in confequences, and furnifhes many ufe- 

ces* fnl inftruftions to the artift. The ftrains LA, OB, 
CY, that are excited, occur, in many, we may fay in all, 
framings of carpentry, whether for edifices or engines, 
and are the fources of their efficacy. It is alfo evident, 
that the doftrine of the tranfverfe llrength of timber is 
contained in this proportion; for every piece of timber 
may be confidered as an aflemblage of parts, connefted 
by forces which aft in the direftion of the lines which 
join the {trained points on the matter which lies be¬ 
tween thofe points, and alfo aft on the veil of the mat¬ 
ter, exciting thofe lateral forces which produce the in¬ 

flexibility of the whole. Sec Strength of Materials, 
Entry cl. 

1 hus it appears that this proportion contains the 
principles which direft the artift to frame the moft 
powerful levers ; to feciire uprights by ffiores or bra¬ 
ces, or by ties and ropes ; to fecure fcaffoldings for the 
^ereftion of fpires, and many other moft delicate pro- 

Sufpl. Vol. I. Part I. 

N T R Y. 
blems of his art. He alfo learns, from this propofition, 
how to afeertain the ftrains that are produced, without 
his intention,.by pieces which he intended for other of- 

bees, and which, by their tranfverfe aftion, put his work 
in hazard. In fhort, this propofition is the key to the 
feience of his art. 

We would now counfel the artift, after he has made 
the tracing of the ftrains and thrulh through the va¬ 
rious parts of a frame familiar to his mind, and even 
amufed himfelf with iome complicated fancy framings, 
to read over with care the articles Strength of Mate¬ 
rials and Roof in the Encyclopedia Briiannica. He 
will now conceive its doftrines much more clearly than 
wheu he was coniidering them as abftraft theories. The 
mutual aftion of the woody fibres will now be eaiily 

comprehended, and his confidence in the refults will be 
greatly iucreafed. 

There is a propofition (n° 19. in the article Roof) Decifion of 

which has been called in queftion by federal very intelli- a, difputed 
gent pei fons; and they fay that Belidor has demonftra-?n<1 ver/ 
ted, in his Science des Ingenieurs, that a beam firm- 

ly fixed at both ends is not twice as flrong as when'1'4'2 
limply lying 011 the props, and that its ftrength is in- 
crealed only in the proportion of 2 to 3 ; and they fup- 

port this determination by a lilt of experiments reci¬ 
ted by Belidor, which agree preci/ely with it. Belidov 
alfo fays that Pitot had the fame refult in his experi¬ 

ments. Thefe are refpeftable authorities : hut Beli- 
dor’s reafoning is any thing but demonftration ; and 

Ins experiments are deferibed in fuch an imperfeft man- 
ner, that we cannot build much on them. It is not 

faid in what manner the battens were fecured at the 
ends, any farther than that it was by chevahts. If by 

this word is meant a trefsle, we cannot conceive how 
they were employed ; but we fee it fometimes ufed for 
a wedge or key. If the battens were wedged in the 
holes, their reiiftance to fra ft u re may be made what we 

pleafe : they may be loofe, and therefore refill little 
more than when limply laid on the props. They may 

be (and probably were) wedged very fall, and bruiled 
or crippled. 

Our propofition mentioned diftinftly the fecurity 
given to the ends of the beams. They were mortifed 
into remote polls. Our precife meaning was, that they 
were limply kept from riling by thefe inortifes, but at. 
full liberty to bend up between E and I, and between 

Y Q 

(a) The learned reader will perceive, that this analogy is brecifelv the fame wii-h tW „ff , . i 

yi"a“»-• . I» m,“ 
framed kver in equilibria. It is afting in the fame manner as a folid, which occupies the whole fit nr ■ Y 
led in the fiame, or as a body of any fize and lhape whatever that will admit the three points ft a 

A’ ,C’and P--. p ,s always 111 equilibrio in the cafe firll dated ; becaufe the prelTure ArolrJ It V dppllcflon 
applied to A is always fuch as balances it. The reader mav alfo nerreive in thU r • ^ at ^ a force 

cing of thofe internal mechanical forces which are indifpenfably requifite’for the fimfttnsof a t " ^ 

cliamcians have been extremely puzzled to find a legitimate demonftration of the eauthbrium of T"' V""' 
the days of Archimedes. Mr Vince has the honour of firll demonftrating, moll ingeniotZ hi ^ 'T m" 

med by Archimedes, but without fufficient ground, for his demonftration* hut Mr Vince’s demonfi1111' ■ 
ly a putting the mind into that perplexed Hate which makes it acknowledge the pronofirinTt^ °"* 
clear perception of its truth. The difficulty has proceeded from the abltraft^nrif, Pr°P, ,tlon> but without a 
a mathematical line-inflexible, without refleftinghiovv it is inflexible—for the 0t'™ °f a lev^r> conceiving it as 

quality furmlhes the mechanical connection between the remote prellures and the7,f Ce of ]th.,s. '"difpenfable 

“ “culty! ot ,he a,c°!»«»*>■* Kr z 



7° 

J9 
The beft 
manner of 
framing 
purlins. 

CARP 
G and K. Our affertion was not made from theory alone 
(although we think the reafoning incontrovertible), but 

was agreeable to numerous experiments made m thofe 
precife circumltances. Had we mortifed the beams 
firmly into two very ftout pofts, which could not be 
drawn nearer to each other by bending, the beam would 
have borne a much greater weight, as we have verified 
by experiment. We hope that the following mode of 

conceiving this cafe wiil remove all doubts. 
Let LM be a long beam (fig. 14.) divided into fix 

equal parts, in the points D, B, A, C, E. Let it be 
firmly fupported at L, B, C, M. Let it be cut through 
at A, and have compafs-joints at B and C. Let I'B, 
GC be two equal uprights, refting on B and C, but 
without any conneftion. Let AH be a fimilar and 

equal piece, to be occafionally applied at the feam A. 
Now let a thread or wire AGE. be extended over the 

piece GC, and made fail at A, G, and E. Let the 
fame thing be done on the other fide of A. If a weight 
be now laid on at A, the wires AFD, AGE will be 
{trained, and may be broken. In the inftant of fra&ure 
we may fuppofe their {trains to be reprefented by Ay* 
and A g. Complete the parallelogram, and A a is the 
magnitude of the weight. It is plain that nothing is 

concerned here but the cohefion of the wires ; for the 
beam is fawed through at A, and its parts are perfedly 

moveable round B and C. . 
Initead of this procefs apply the piece AH oelow A, 

and keep it there by {training the fame wire BHC over 
it. Now lay on a weight. It muft prefs down the 
ends of BA and CA, and caufe the piece AH to {train 
the wire BHC. In the inftant of fra&ure of the fame 

wire, its refiftance H b and He muft be equal to A/ 
and A g, and the weight h H which breaks them muft 

be equal to A a. 
Laftly, employ all the three pieces FB, AH, GL, 

with the fame wire attached as before. H here can be 
no doubt but that the weight which breaks all the four 

wires muft be = a A + b, or twice A a. 
The reader cannot but fee that the wires perform the 

very fame office with the fibres of an entire beam LM 
held faft in the four holes D, B, C, and E, of fome up- 

right pofts. . 
In the experiments for verifying this, by breaking 

{lender bars of fine deal, we get complete demonftration,^ 
by meafuring the curvatures produced in the parts of 
the beam thus held down, and comparing them with the 

curvature of a beam fimply laid on the props L and C. 
and there are many curious inferences to be made from 
thefe obfervations, but we have not room for them in 

this place. . 
We may obferve, by the way, that we learn trom this 

cafe, that purlins are'able to carry twice the load when 
notched into the rafters that they carry when mortifed 
into them, which is the moft ufual manner of framing 
them. So would the binding joifts of floors ; but this 
would double the thicknefs of the flooring. But this 
method fhould be followed in every poffible cafe, fuch 
as'breaft fummers, lintels over feveral pillars, &c. Thefe 
{hould never be cut off and mortifed into the Tides of 
every upright; numberlefs cafes will occur which ffiew 

the importance of the maxim. 
We muft here remark, that the proportion of the 

fpaces BC and CM, or BC and LB, has a very fenfible 

effed on the ftrength of the beam BC; but we have 

entry. 
not yet fatisfied our minds as *o the rationale of this ef~ 

It is undoubtedly conne&ed with the ferpentine 
- . ^ 1 i t C_ _ rPUL 

fed. 
form of the curve of the beam before fra&ure. This 
fhould he attended to in the conltru&ion of the fprings 
of carriages. Thefe are frequently fupported at a middle 
point (and it is an excellent pra&ice), and there is a 
certain proportion which will give the eafieft motion to 
the body of the carriage. We alfo think that it is con- 
ne&ed with that deviation from the beft theory obfer- 
vahle in Buffon’s experiments on various lengths of the 
fame fcantling. The force of the beams diminiflwd 
much more than in the inverfe proportion of their 

lengths. 20 
We have feen that it depends entirely on the pohtionTies are in 

of the pieces in refpe& of their points of ultimate fup~ general bet* 

port, and of the dire&ion of the external force which 
produces the drains, whether any particular piece is in 

a ft ate of extenfion or of compreffion. The knowledge 
of this circumftance may greatly influence us in the 
choice of the conftru&ion. In many cafes we may fub- 
ftitute {lender iron rods for maffive beams, when the 
piece is to ad the part of a tie. But we muft not in¬ 
vert this difpofition ; for when a piece of timber a&s as 
a ftrut, and is in a ftate of compreffion, it is next ta 
certain that it is not equally compreffible in its oppofite 
{ides through the whole length of the piece, and that 
the compreffing force on the abutting joint is not a&> 

ing in the moft equable manner all over the joint. A 
very trifling inequality in either of thefe circumftances 
(efpecially in the firft ) will comprefs the beam more on 

one fide than on the other. This cannot be without 
the beam’s bending, and becoming concave on that fide 
on which it is moft comprefled. When this happens,- 
the frame is in danger of being crufhed, and foon going, 
to ruin. It is therefore indifpenfahly neceftary to make 
ufe of beams in all cafes where ftruts are required of 
confiderable length, rather than of metal rods of flender 
dimenfions, unlefs in fituations where we can effe&ualiy 
prevent their bending, as in truffing a girder internally, 

where a call iron ftrut may be firmly cafed in it, fo as- 
not to bend in the fmalleft degree. In cafes where the 
preflures are enormous, as in the very oblique ftruts ot 
a centre or arch frame, we muft he particularly cautious 
to do nothing which can facilitate the compreffion ot 

either fide. No mortifes fhould be cut near to one fide 
no lateral preffiire, even the flighted, fhould be allowed 
to touch it. We have feen a pillar of fir jz inches long 
and one inch in fe&ion, when loaded with three tons,, 

fnap in an inftant when preffed on one fide by 16 pounds, 
while another bore 4I t*>ns without hurt, becaufe it was 

inclofed (loofely) in a ftout pipe of iron. 
In fuch cafes of enormous compreffion, it is of great 

importance that the compreffing force bear equally on 
the whole abutting furfaces. The German carpenters 
are accuftomed to put a plate of lead over the joint. 
This prevents, in fome meafure, the penetration of the 
end fibres. Mr Perronet, the celebrated French ar- 
chite&, formed his abutments into arches of circles, the 
centre of which was the remote end of the ftrut. By ■ 
this contrivance the unavoidable change of form of the 
triangle made no partial bearing of either angle ot the 
abutment. This always has a tendency to fplinter oft 

the heel of the beam where it preffes ftrongeft. It is a 

very judicious practice. 
‘When circumftances allow it, we fhould rather em- 

ploy 



ploy ties than Units for fecuring a beam againfl lateral 

flrains. When an upright pillar, fuch as a flag-ftaff, a 
mail, or the uprights of a very tall fcaffolding, are to be 
hiored up, the dependence is more certain on thofe 
braces that are ftretched by the ftrain than on thofe 

which are comprefied. The fcaffolding of the iron 
bridge near Sunderland had fome ties very judicioufly 
difpofed, and others with lefs judgment. 

We ftiould proceed to confider the tranfverfe drains 
as they affedt the various parts of a frame of carpentry; 

but we have very little to add to what has been faid al¬ 

ready in the article Strength of Materials (Encycl.), 
and in the article Roof. What we fhall add in this ar¬ 
ticle will find a place in our occafional remarks on dif¬ 
ferent works. It may, however, be of ufe to recal to 
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8. Laflly, the tranfverfe drain on any fedlion, occa- 
fioned by a force applied obliquely, is diminiflied in the 
proportion of the fine of the angle which the direction 
of the force makes with the beam. Thus, if it be in¬ 
clined to it in an angle of thirty degrees, the ftrain is 

one half of the ftrain occafioned by the fame force a&- 
mg perpendicularly. 

On the other hand, the relative strength of a 
beam, or its power in any particular fe&ion to refill 
any tranfverfe ftrain, is proportional to the ahfolute co- 
hefion of the fe&ion dire&ly, to the diftance of its 
centre of effort from the axis of fra&ure direcffly, and 
to the diftance from the drained point inverfely. 

Thus in a redangular fedion of the beam, of which b 
!S the breadth, d the depth (that is,, the dimenfion in 
the dmedhon of the draining force), meafured in inches, 

and/the number of pounds which one fquare inch will 
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the reader s memory the following propolitions. 

=. J :S41toS'aS’pltlLww 111 acr; rna: »“■* 
tar? 4 ?.“• gttzzx&jv&ftz»- r 

ftrength of tlon ^! betweerB and A is proportional to CB, and fXbXd\ multiplied by fome number L denernW J 
beams. therefore be reprefented by the produd WxCB ; the nature of the timber, mud be equalto Z X CB 

that is, by the produft of the number of tons, pounds, Or, in the rafp nf th* A-A™ n 
occ. which meafure the ftraining force, and the number 
of feet, inches, See. contained in CB. As the loads on 
a beam are eafily conceived, we fhall fubftitute this for 
any other ftraining force. 

2. If the ftrain or load is uniformly diftributed along 
iSlff nf f no _ I ^ 1 / 1 • f ^ 

c --uutiltJUltU cuuilg 

any part of the beam lying beyond C (that is, further 
from A), the ftrain at C is the fame as if the load were 
all colle&ed at the middle point of that part ; for that 
pointris the centre of gravity of the load. 

3* The ftrain on any fe£Iion X) of a beam AB 
(fig. 16.) refting freely on two props A and B, is 

Or, in the cafe of the feftion C of fig. ,6. that .s 
it rained by the force <u> applied at D, we muft have 

m Xfi dz zz <u> Thus if the beam is of 

found oak, mis very nearly = f (fee Strength of Ma 

terials, n° nfi. Encycl.) 

AC X CB 
zz <wX- 

Therefore we have 
fhd' 

AB 

to X 
AD XDB 

— (fee Roof, n° 19. and Strength of 

Materials, n° 92, &c. Encycl.) Therefore, 

4' The ftrain on the middle point, by a force applied 
there, is one fourth of the ftrain which the fame force 
would produce, if applied to one end of a beam of the 
fame length, having the other end fixed. 

5. The ftrain on any fedlion C of a beam, refting on 

two props A and B, occafioned by a force applied per¬ 
pendicularly to another point D, is proportional to the 
rectangle of the exterior fegments, or is equal to 

Therefore 
AB 

The ftrain at C occafioned by the preffure on D, is 
the fame with the ftrain at D occafioned by the fame 
preffure on C. 1 

6: Tbe A™" on ""y fe&ion D, occafioned by a load 
uniformly d.ffufed over any part EF, is the fame as if 
the two parts ED, DF of the load were collefted at 
their middle points e and/. Therefore 

The ftrain on any part D, occafioned by a load uni- 
formly diftributed over the whole beam, is one-half of 

the ftrain that is produced when the fame load is laid on 
at 1) ; and 

Tne ftrain on the middle point C, occafioned by a 
load uniformly diftributed over the whole beam, is the 
lame winch half that load would produce if laid on 

i'r^/£eam Supported at both ends on two props B 
and L (fig 14.) will carry twice as much when the 

ends beyond the props are kept from rifing, as it will 
carry when it refts loofely on the props. 

. ^nce we can tell the precife force which any fec- 
tion C can juft refill when that force is applied in any 

way whatever. For the above-mentioned formula gives 
_/ b dl c h 

w for the cafe reprefented by fig. 15. But 

the cafe reprefented in fig. 16. having the ftraining 
iorce applied at D, gives the ftrain at C ( = w ) — f 
y b </* x AB v ‘ ~J 

9ACXCB' 

Example. Let an oak beam, four inches fquare, reft 
freely on the props A and B, feven feet apart, or 84 
inches. What weight will it juft fupport at its middle 

point C, on the fuppofition that a fquare inch rod will 
jult carry 16,000 pounds, pulling it afunder ? 

The formula becomes w — 16000 X 4 X 16 X 84, 

_ 86016000 ^ 9X42X42 
orw _ _ ____ ? = ^3 pounds< This is very 

near what was employed in Buffon’s experiment, which 
was 5312. 

Had the ftraining force afted on a point D, halfway 
between C and B, the force fuflicient to break the beam 

at C would he — 1 ^°°° * 4 * I 6 X 8a „ , .. 

„ , 9 X^xTi-~ ‘o836 lbs- 
Had the beam been found red fir, we muft have ta- 

f'7 r>I0,w "T >r’ and m nearl>- « ; for although 
hi be lefs cohefive than oak in the proportion of 5 to 8 

nearly, it is lefs compreffible, and its axis of fracture is 
therefore nearer to the concave fide. 

of Affirm kin1derV T hfjnt hngth the ftra,ns Of joints, ot different kinds which anfe from the form of the 

Ie*® of " frame of carpentry, and the direftidn of 

. t!,r.lla forces which ad on it, whether conlidered 
as impelling or as fupporting its different parts, we muft 

^ 2 now 
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now proceed to confider the means by which this form 

is to be fecured, and the connexions by which thofe 

ftrains are excited and communicated. 
The joinings praXifed in carpentry are almofl infi¬ 

nitely various, and each has advantages which make it 
preferable in fame circumftances. Many varieties are 
employed merely to pleafe the eye. We do not con¬ 
cern ourfelves with thefe : Nor fhall we confider tliofe 
which are only employed in conneXing frnall works, 
and can never appear on a great fcale : yet even in foine 
of thefe, the (kill of the carpenter may he difeovered by 
his choice ; for in all cafes it is wife to make every, even 
the fmalleft, part of his woik as ftrong as the materials 
will admit. He will be particularly attentive to the 
changes which will neceffarily happen by the (blinking 

of timber as it dries, and will confider what dimenhons of 
his framings will be affeXed by tins, and what will not ; 
and will then difpofe the pieces which are lefs efiential 
to the ftrength of the whole, in fuch a manner that 

their tendency to fhrink (hall be in the fame direXion 
with the fhrinking of the whole framing. If he do 
otherwife, the feams will widen, and parts will be fplit 
afunder. He will difpofe his hoardings in fuch a man¬ 
ner as to contribute to the fliffnefs of the whole, avoid¬ 
ing at the fame time the giving them pofitions which 
will produce lateral ftrains on trufs beams which bear 
great preffures; recolleXing,that although a fingle board 
has little force, yet many united have a great deal, and 
may frequently perform the office of very powerful 

ftruts. 
Our limits confine us to the joinings which are moft 

efiential for conneXing the parts of a fingle piece of a 
frame when it cannot be formed of one beam, either for 
want of the necelfary thicknefs or length ; and the 

joints for conneXing the different fides of a truffed 

frame. 
g Much ingenuity and contrivance has been bellowed 

on the manner of building up a great beam of many 
thickneffes, and many fmgular methods are praXifed as 

P*reat noftrums by different artifts: but when we con¬ 
fider the manner in which the cohefion of the fibres 
performs its office, we will clearly fee that the fimpleft 

are equally effeXual with the moft refuted, and that they 
are lefs apt to lead us into falfe notions of the ftrength 

of the aflemblage. 
Thus, were it required to build up a beam for a 

rP great lever or a girder, fo that it may aX nearly as a 
beam of the fame fize of one log—it may either be 
done by plain joggling, as in fig. 17. A, or by fcarfing,. 

as in fig. 17. B or C. If it h to aX as a lever, ha¬ 
ving the gudgeon on the lower fide at C, we believe 

that moft art fits will prefer the form B and C at leaff 
this has been the cafe with nine-tenths of thofe to whom 
we have propofed the queftion. The heft informed on¬ 
ly hefitated ; but the ordinary artifts were all confident 
in its fuperiority ; and we found their views of the 
matter very coincident. They confider the upper 
piece as grafping the lower in its hooks ; and feveral 
imagined that, by driving the one very tight on the 
other, the beam would be ftronger- than an entire log : 
but if we attend carefully to the internal procedure in 
the loaded lever,: we fhall find the upper one clearly the 
flrongeft. If they are formed of equal logs, the upper 
one is thicker than the other by the depth of the jog- 

N T R Y. 
gling or fcarfing, which we fuppofe to be the fame in 
both ; confcquently, if the cohefion of the fibres in the’ 
intervals is able to bring the uppermoft filaments into 
full aXion, the form A -is ftronger than B, in the pro¬ 
portion of the greater diflance of the upper filaments 
from the axis of the fraXure : this may he greater than 
the difference of the thicknefs, if the wood is very com- 
preffible. If the gudgeon be in the middle, the effeX, 
both of the joggles and the fearfings, is confiderably 
diminifhed ; and if it is on the upper fide, the fcarf- 
ings aX in a very different way. In this fituation, if 
the loads on the arms are alfo applied to the upper fide, 
the joggled beam is ftill more fuperior to the fcarfed 

one. This will be beft underftood by refolving it in ima¬ 
gination into a truffed frame. But when a gudgeon is 
thus put on that fide of the lever which grows convex 
by the ftrain, it is ufual to conneX it with the reft by 
a powerful ftrap, which embraces the beam, and caufes 
the oppofite point to become the refilling point. This 
greatly changes the internal aXions of the filaments, 
and, in fome meafure, brings it into the fame ftate as 
the firft, with the gudgeon below. Were it poftible to 
have the gudgeon on the upper fide, and to bring the 

whole into aXion without a ftrap, it would be the 
flrongeft of all ; becaufe, in general, the refiftance to 
compreffion is greater than to extenfion. In every 
fituation the joggled beam has the advantage ; and it is 

the eafiefl executed. 
We may frequently gain a conftderable acceffion of 

ftrength by this building up of a beam ; efpecially if 
the part which is ftretched by the ftrain be of oak, and 
the other part be fir. Fir being fo much fuperior to 
oak as a pillar (if Muffchenbroek^ experiments may be 
confided in), and oak fo much preferable as a tie, this 

conftruXion feems to unite both advantages. But wc 
fhall fee much better methods of making powerful le¬ 

vers-, girders, 5cc. by truffing. 
Obferve that the efficacy of both methods depends 

entirely on the difficulty of caufing the piece between 
the crofs joints to Hide along the timber to which it 
adheres. Therefore, if this be moderate, it is wrong 
to make the notches deep ; for as foon as- they are fo 
deep that their ends have a force fufficient to pufh the 
flice along the line of junXion, nothing is gained by 
making them deeper; and this requires a greater ex¬ 

penditure of timber. 
Scarfings are frequently made oblique, as in fig. 18. 

but we imagine that this is a bad praXice. It begins 
to yield at the point, where the wood is crippled and 
fplintered off, or at leaft bruifed out a little : as the 
preffure increafes, this part, by fqueezing broader, caufes 

the folid parts rife to a little upwards, and gives them 
fome tendency, not only to pufh their antagonifls along 
the bale, but even to tear them up a little*. For fimi- 
lar reafons, we difapprove of the favourite praXice of 
many artifts, to make the angles of their fearfings acute,., 

as in fig. 19. This often caufes the two pieces to tear 
each other up. The abutments fhould always be per¬ 
pendicular to the direXions of the preffures. Left it 
fhould be forgotten in its proper place, we may extend 

this injunXion alfo to the abutments of different pieces 
of a frame, and recommend it to the artift even to at¬ 

tend to the fhrinking of the timbers by drying. When 

two timbers abut obliquely, the joint fhould be moft 
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full at the obtufe angle of the end ; becaufe, by drying, 
that angle grows more obtufe, and the beam would then 

^ be in danger of fplinterilig off at the acute angle. 

\ye muft It is evident that the niceft work is indilpcnfably 
not wedge neceffary in building up a beam. The parts mud abut 
too luid. Qn each other completely, and the fmalleft play or void 

takes away the whole efficacy. It is ufual to give the 
butting joints a fmall taper to one Tide of the beam, fo 
that they may require moderate blows of a maul to 
force them in, and the joints may be perfedly clofe when 
the external furfaces are even on each fide of the beam. 
But we mud not exceed in the lead degree ; for a very 

taper wedge has great force ; and it we have driven the 
pieces together by very heavy blows, we leave the whole 
in a date of violent drain, and the abutments are per¬ 
haps ready to fplinter off by a fmall addition of pref- 
fure. This is like too fevere a proof for artillery; 
which, though not fuflicient to burit the pieces, has 
weakened them to fucli a degree, that the drain of or¬ 
dinary fervice is fuflicient to complete the fradnre. 
The workman is tempted to exceed in this, becaufe it 
fmooths off and conceals all uneven feams ; but he mult 
be watched. It is not unufual to leave forne abutments 
open enough to admit a thin wedge reaching through 
the beam. Nor is this a bad pradice, if the wedge is 
of materials which is not compreffed by the driving or 
the drain of fervice. Iron would be preferable for this 
purpofe, and for the joggles, were it not that by its too 

great hardnefs it cripples the fibres of timber to fome 
didance. In confequence of this, it often happens that, 
in beams which are fubjeded to defultory and fudden 
drains (as in the levers of reciprocating engines), the 
joggles or wedges widen the holes, and work themlelves 
loofe : Therefore fkiiful engineers never admit them, and 
indeed as few bolts aspoffihle, for the fame reafon : but 
when refiding a fteady or dead puli, they are not fo im¬ 

proper, and are frequently ufed. 
Beams are built up not only to increafe their dimen¬ 

sions in the direction of the drain (which we have hi¬ 
therto called their depth), but alfo to increafe their 
breadth or the dimenfions perpendicular to the drain. 
We fometimes double the breadth of a girder which 
is thought too weak for its load, and where we mud 
not increafe the thicknefs of the flooring. The mad of 
a great fhip of war mu ft be made bigger athwartftiip, as 

Building of well as fore and aft. This is one of the niccfl pro. 
Jnafts. blcms of the art ; and profeffional men are by no means 

agreed in theiV opinions about it. We do not prefume 
to decide ; and (hall content ourfeives with exhibiting 
the different methods. 

The mod obvious and natural method is that fhewn 
in fig. 20. It is plain that (independent of the con¬ 
nection of crofs bolts, which are tiled in them all when 
the beams are fquare) the piece C cannot bend in the 

2g direction of the plane of the figure without bending the 
Method piece D along with it. This method is much ufed in 
u&dinthe the French navy; but it is undoubtedly imperfeCt. 

nTvv 1 Hardly any two great trees are of equal quality, and 
fvvcll and (brink alike. If C (brinks more than D, the 
feather of C becomes loofe in the groove wrought in D 

to receive it ; and when the beam bends, the parts can 
Hide on each other like the plates of a coach fpring ; 
and if the bending is in the direction e f9 there is no¬ 

thing to hinder this Hiding but the bolts, which foon 

work themfelves loofe in the boltdiolea. 
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Fig. 21. exhibits another method. The two halves 29 

of the beam are tabled into each other in the fame 
ner as in fig. 17. It is plain that this will not be af- 
feded by the unequal (welling or fhrinking, becaufe 

this is infenfible in the direction of the fibres ; but when 
bent in the diced ion a b9 the beam is weaker than fig. 
2C. bent in the direction e f. Each half of fig. 20. has, 
in every part of its length, a thicknefs greater than half 
the thicknefs of the beam. It is the contrary in the 

alternate portions of the halves of fig. 2t. When one 
of them is bent in the direction AB, it is plain that it 
drags the other with it by means of the crofs hutments 
of its tables, and there can be no longitudinal Hiding. 
But urdefs the work is accurately executed, and each 
hollow completely filled up by the table of the other 
piece, there will be a lateral Hide along the crofs joints 
fuflicient to compenfate for the curvature ; and this will 
hinder the one from comprefiitig or llretching the other 

in conformity to this curvature. # 30 
The imperfeClion of this method is fo obvious, thathsdm perm¬ 

it lias feldom been pradifed : but it has been combined Cc lon' 

with the other, as is reprefented in fig. 22. where the 
beams are divided along the middle, and the tables in 
each half are alternate, and alternate alfo with the 
tables of the other half. Thus 1, 3, 4, are prominent,. 
and 5, 2, 6, arc depreffed. This conftrudion evidently 
puts a flop to both Hides, and obliges every part of 
both pieces to move together, a b and c d {how fec- 

tions of the built-up beam correfponding to AB and. 

CD. 
No more is intended in this pradice by any intelli¬ 

gent artift, than the cauling the two pieces to ad to* 

get her in all their parts, although the flrains may be un¬ 
equally diilributed on them. Thus, in a built-up gir¬ 
der, the binding joints are frequently mortifed into very- 
different parts of the two lides. But many feem to 
aim at making the beam flronger than if it were of one 

piece ; and this inconliderate projed has given rife to 
many whfmfical modes of tabling and fcarfing, which 

we need not regard. * 31 

The pvaCtice in the Britifh dock-yards is fomewhat Britifh 

different from any of thefe methods. The pieces aremct^0^* 
tabled as in fig 22. but the tables are not thin paralle¬ 
lepipeds, but thin prifms. The two outward joints or 
vitible feams are flraight lines, and the table nc 1. rifes 
gradually to its great ell thicknefs in the axis. In like 
manner, the hollow 5.for receiving the oppofite table, 
links gradually from the edge to its greateil depth in 
the axis. Fag. 23. reprefents a fed ion of a round piece 
of timber built up in this way, where the full line 
EFGH is the fedion correfponding to AB of fig. 22. 

and the dotted line EGFIi is the iedion correfpond¬ 
ing to CD. 

This conftrudion, by making the external feam 
flraight, leaves no lodgment for water, and luoks much 

fairer to the eye : but it appears to us that it does 
not give fuch firm hold when the maft is bent in the 
diredion EH. The exterior parts are mad flretched 

and moff compreffed by this bending ; but there is 
hardly any abutment in the exterior parts of thefe 
tables. In the very axis, where the abutment is the 
firmed, there is little or no difference of extenfion and 
compreffion. 

But this conftrudion has an advantage, which we 

imagine much more than compenfates for thefe imper* 
fe&ions^ 
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•fe&ions, at lead in the particular cafe of a round mad: 
it will draw together by hooping incomparably better 
than any of the others. If the cavity be made fome- 
what too {hallow for the prominence of the tables, and 
if this be done uniformly along the whole length, it 

will make a fomewhat open feam ; and this opening 
can be regulated with the iitmolt exatlnefs from end 
to end by the plane. The heart of thofe vail trunks 
is very fenfiblv fofter than the exterior circles : There¬ 
fore, when the whole is hooped, and the hoops hard 
driven, and at conliderable intervals between each fpell 

we are confident that all may be compreffed till the 
ieain difappears ; and then the whole makes one piece, 
much ftronger than if it were an original log of that 
fize; becaufe the middle has become, by compreffion, as 
folid as the cruft, which was naturally firmer, and refilled 
farther compreffion. We verified this beyond a doubt, 
by hooping a built dick of a timber which has this in¬ 
equality of firmnefs in a remarkable degree, and it was 
nearly twice as ftrong as another of the fame fize. 

Our madmakers are not without their fancies and 
whims ; and the manner in which our mails and yards 
are generally built up, is not near fo fimple as fig. 22.: 
but it confilts of the fame effential parts, adling in the 

• * very fame manner, and derives all its efficacy from tne 
* principles which are here employed. 

Attended This conilrudion is particularly fuited to the fitua- 

iTariava11" tl0n °^ce a ft ip’s mad. It has no bolts ; or, 
lH^Cv. ” at leall, none of any magnitude, or that make very im¬ 

portant parts of its conftru&ion. The mod violent 
drains perhaps that it is expofed to, is that of twilling, 
when the lower yards are clofe braced up by the force 
of many men a&ing by a long lever. This form refills 
a twill with peculiar energy : it is therefore an excel¬ 

lent method for building up a great fliaft for a mill. 
The way in which they are ufually built up is by redu¬ 
cing a central log to a polygonal prifm, and then filling 
it up to the intended fize by planting pieces of timber 
along its fides, either fpiking them down, or cocking 

them into it by a feather, or joggling them by flips of 
hard wood funk into the central log and into the flips. 

//. B. Joggles of dm are fometiroes ufed in the middle 
of the large tables of malls ; and when funk into the 
firm wood near the furface, they mud contribute much 
to the drength. But it is very neceffary to employ 
wood not much harder than the pine; otherwife it 
will foon enlarge its bed, and become loofe; for the 
timber of thefe large trunks is very foft. 

The mod general reafon for piecing a beam is to in- 
creafe its length. This is frequently neceffary, in order 
to procure tie-beams for very wide roofs. Two pieces 
mud be fcarfed together—Numberlefs are the modes 
of doing this; and almod every mader carpenter has 
his favourite nodrum. Some of them are very ingeni¬ 
ous : But here, as in other cafes, the mod fimple are 

• Various commonl7 the ftrongeft. We do not imagine that any, 
metho ls of tbe mod ingenious, is equally drong with a tie confift- 
fcarling. ing of two pieces of the fame fcantling laid over each 

other for a certain length, and firmly bolted together. 
We acknowledge that this will appear an artlefs and 
cl unify tie-beam ; but we only fay that it will be 
ftronger than any that is more artificially made up of 
the fame thicknefs of Umber. This, we imagine, will 
appear fufficiently certain. 

I he fimpled and mod obvious fcarfing (after the 

one now mentioned) is that reprefented in fig. 24. ne r 
and 2. If confidered merely as two pieces of wood 
joined, it is plain that, as a tie, it has but half the 

drength of an entire piece, fuppofing that the holts 
(which are the only connections) are fad in their holes. 
N° 2. requires a bolt in the middle of the fcarf to give 
it that drength ; and, in every other part, is weaker on 
one fide or the other. 

But the bolts are very apt to bend by the violent 
drain, and require to be drengthened by uniting their 
ends by iron plates ; in which cafe it is no longer a 
wooden tie. The form of n° 1. is better adapted to 
the office of a pillar than n° 2. ; efptxially if its ends 
be formed in the manner {hewn in the elevation n° 3. 

By the fally given to the ends, the fcarf refids an effort 
to bend it in that direClion. Befides, the form of nQ 
2. is unfuitable for a pod ; becaufe the pieces, by Ai¬ 
ding on each other by the preffure, are apt to fplinter 
off the tongue which confines their extremity. 

Fig. 25. and 26. exhibit the mod approved form of 
a fcarf, whether for a tie or for a pod. The key re¬ 

prefented in the middle is not effentially neceffary; the 
two pieces might fimply meet fquare there. This form, 
without a key, needs no holts (although they ftrength- 
en it greatly) ; but, if worked very true and clofe, and 
with fquare abutments, will hold together, and will re¬ 
fid bending in any dirc&ion. But the key is an inge¬ 
nious and a very great improvement, and will force the 
parts together with perfeCl tightnefs. The fame pre¬ 
caution mud be obferved that we mentioned on ano¬ 
ther occafion, not to produce a condant internal drain 
on the parts by overdriving the key. The form of fig. 

25. is by far the bed; becaufe the triangle of 26. is 
much eafier fplintered off by the drain, or by the key, 

than the fquare wood of 25. It is far preferable for 
a pod, for the reafon given when fpeaking of fig. 24. 
n° 1. and n° 2. Both may be formed with a fally at 
the ends equal to the breadth of the key. In' this 
fliape, fig. 25. is vattly well fuited for joining the parts of 
the long corner pods of fpires and other wooden towers. 
Fig. 25. n° 2. differs from n° i. only by having three 
keys. The principle and the longitudinal drength are 
the fame. The long fcarf of nQ 2. tightened by the 
three keys, enables it to refid a bending much better. 

None of thefe fcarfed tie-beams can have more than 
one-third of the drength of an entire piece, unlefs with 
the affidance of iron plates ; for if the key be made 

thinner than one-third, it lias lefs than one-third of the 
fibres to pull by. 

We are confident, therefore, that when the heads of 
the bolts are connedled by plates, the fimple form of 
fig. 24. u° 1. is dronger than thofe more ingenious 
fcarfings. It may be drengthened againd lateral bend¬ 
ing by a little tongue, or by a fally ; but it cannot 
have both. 

The dronged of all methods of piecing a tie-beam 
would be to fet the parts end to end, and grafp them 
between other pieces on each fide, as in fig. 27. This 34 
is what the {hip-carpenter calls fjhing a beam ; and is 

frequent pradlice for occafional repairs. Mr Perronet^eam* 
ufed it for the tie-beams or dretchers, by which he con- 
nedled the oppofite feet of a centre, which was yield¬ 
ing to its load, and had puflied afide one of the piers 
above four inches. Six of thefe not only withdood a 

drain of 1800 tons, but, by wedging behind them, be 

brought 
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br©ught the feet of the trufs inches nearer. The 
ftretchers were 14 inches by 11 of found oak, and could 
)iave withftood three times that ftrain. Mr Perronet, 
fearing that the great length of the bolts employed to 

conneft the beams of thefe Ilretchers would expofe 
them to the ride of bending, fcarfed the two fide pieces 
into the middle piece. The fcarfing was of the trian¬ 
gular kind (Trait de Jupiter), and only an inch deep, 
each face being two feet long, and the bolt palled 
through clofe to the angle. 

In piecing the pump rods, and other wooden ftretch- 

ers of great engines, no dependence is had on fcarfing; 
and the engineer connects every thing by iron ftraps. 
We doubt the propriety of this, at leail in cafes where 
the bulk of the wooden connexion is not inconvenient. 
Thefe obfervations mull fuffice for the methods employ¬ 
ed for conne&ing the parts of a beam *r and we now 
proceed to confider what are more ufually called the 

35 joints of a piece of carpentry. 
Square Where the beams Hand fquare with each other, and 
joints. the ftra{ns are alfo fquare with the beams, and in the 

plane of the frame, the common mortife and tenon is 
the mod perfedl junction. A pin is generally put 
through both, in order to keep the pieces united, in 
oppofition to any force which tends to part them. 
Every carpenter knows how to bore the hole for this 
pin, fo that it fhall draw the tenon tight into the mor¬ 
tife, and caufe the fhoulder to butt clofe, and make 
neat work ; and he knows the rifle of tearing out the 
bit of the tenon beyond the pin, if he draw it too 
much. We may juft obferve, that fquare holes and 
pins are much preferable to round ones for this pur- 
pofe, bringing more of the wood into action, with lefs 
tendency to fplit it. The fhip carpenters have an in¬ 
genious method of making long wooden bolts, which 
do not pafs completely through, take a very fad hold, 
though not nicely fitted to their holes, which they mud 

36 not be, led they iliould be crippled in driving. They 
Foxtail call jt fold'd wedging. They dick into the point of 

eegn.g*-. the |^0[t a very thin wedge of hard wood, fo as to pro- 

je£ a proper didance ; when this reaches the bottom 
of the hole by driving the bolt, it fplits the end of it, 
and fqueezes it hard to the fide. This may be prac¬ 
ticed with advantage in carpentry. If the ends of the 

, mortife are widened inwards, and a thin wedge be put 
into the end of the tenon, it will have the fame effedt, 
and make the joint equal to a dovetail. But this rifks 
the fplitting the piece beyond the fhoulder of the te¬ 
non, which would be unfightly. This may be avoided 
as follows: Let the tenon T, fig. 28. have two very 
thin wedges a and c duck in near its angles, projecting 
equally ; at a very fmall didance within thefe, put in 
two fhorter ones b, d, and more within thefe if necef- 
fary. In driving this tenon, the wedges a and c will 
take fird, and fplit off a thin flice, which will eafily 
bend without breaking* The wedges b, d, will adl 
next, and have a fimilar effedl, and the others in luc- 
eeffion. The thicknefs of all the wedges taken toge¬ 

ther mud be equal to the enlargement of the mortife 
toward the bottom. 

When the drain is tranfverfe to the plane of the two 
beams, the principles laid down in n° 85, 86. of the ar¬ 
ticle Strength of Materials, will dire& the artid in 
placing his mortife. Thus the mortife in a girder for 

receiving the tenon of a binding joift of ^ floor fhould 

be as near the upper fide as poflible, becaufe the girder 
becomes concave on that fide by the drain. But as 
this expofes the tenon of the binding joid to the rifle 

of being torn off, we are obliged to mortife farther 
down. The form (fig. 29.) generally given to this 

joint is extremely judicious. The doping part a b gives 
a very firm fupport to the additional bearing e d, with¬ 
out much weakening of the girder. This form fliould 

be copied in every cafe where the drain has a fnnilar 
direction. ^7 

The joint that mod of all demands the careful atten-Oblique 
tion of the artid, is that which connects the ends of mort*fc and. 

beams, one of which puflies the other very obliquely,tellon* 

putting it into a date of extenfion. The mod familiar 
indance of this is the foot of a rafter prefling on the 
tie-beam, and thereby drawing it away from the other 
wall. When the direction is very oblique (in which 
cafe the extending drain is the greatell), it is difficult 
to give the foot of the rafter fuch a hold of the tie- 
beam as to bring many of its fibres into the proper ac¬ 
tion. There would be little difficulty if we could al¬ 
low the end of the tie-beam to projed to a fmall dii- 
tance beyond the foot of the rafter: but, indeed, the 

dimenfions which are given to tie-beams, for other rea- 
foils, are always fufficient to give enough of abutment 
when judicioufly employed. Unfortunately this joint 
is much expofed to failure by the effeCls of the wea¬ 
ther. It fs much expofed, and frequently peri flies by 
rot, or becomes fo foft and friable that a very fmall 
force is fufficient, either for pulling the filaments out of 
the tie-beam, or for cruflung them together. YVre aVe 

therefore obliged to fecure it with particular attention, 
and to avail ourfelves of every circumflance of con- 
ffruCtion. 

One is naturally difpofed to give the rafter a deep 
hold by a long tenon ; but it has been frequently ob- 
ferved in old roofs that fuch tenons break off. Fre¬ 
quently they are obferved to tear up the wood that is 
above them, and pufh their way through the end of the 

tie-beam. This, in all probability, arifes from the firft 
fagging of the roof, by the compreffion of the rafters 
and of the head of the king-poll. The head of the raf¬ 

ter defeends, the angle with the tie-beam is diminiflied 
by the rafter revolving round its flep in the tie-beam. 
By this motion the heel or inner angle of the rafter be¬ 
comes a fulcrum to a very long and powerful lever much 
loaded. . The tenon is the other arm, very fnort, and 
being Hill frelh, it is therefore very powerful. It there¬ 
fore forces up the wood that is above it, tearing it out 
from between the cheeks of the mortife, and then puihes 
it along. Carpenters have therefore given up long te¬ 
nons, and give to the toe of the tenon a fliape which 
abuts firmly, in the dire&ion of the thruff, on the foil'd 
bottom of the mortife, which is well fupported on the 
under fide by the wall-plate. This form has the farther 
advantage of having no tendency to tear up the end of 
the mortife. This form iV reprefented in fig. 7,0. The 
tenon has a fmall portion a b cut perpendicular to the 

fuiface of the tie-beam, and the reft b c is perpendicular 
to the rafter. 

But if the tenon is not fuficiently ftrong (and it is 
not io ftrong as the rafter, which is thought not to be 
ftronger than is neceffary), it'will be crufned, and then 
the rafter will fliade out along the furface of the beam. 

It is therefore neceffary to call in the afiiftance of the 

whole 
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whole rafter. It is in this diftributton of the ilrain Fig, 33. n° 3, is alio much pradifed by the ai d car-* 

among the various abutting parts that the varieties of penter*. 
joints and their merits chiefly confift. It would be Fig. 35. is propofed by Mr Nicholfon (page 65.) a3 
cndlefs to deferibe every noTum, and we fhall only men- preferable to fig. 33. n°3. becaufe the abutment of the 
tion a few that are mod generally approved of. inner part is better fupported. This is certainly the 

The aim in fig. 31. is to make the abutments ex^td- cafe ; but it fuppofes the whole rafter to go to the hot¬ 
ly perpendicular to" the thrufts. It does this very pre- tom of the foeket, and the beam to be thicker than the 
ciielv ; and the fiiare which the tenon and the fhoulder rafter. Some may think that this will weaken the beam 
have' of the whole may be what we pleafe, by the por- too much, when it is no broader than the rafter is thick; 
tion of the beam that we notch down. If the wall-plate in which cafe they think that it requires a deeper foeket 
lie duly before the heel of the rafter, theie is no riilc of than Nicholfon has given it. Perhaps the advantages 
draining the tie aerofs or breaking it, becaufe the thruft of Nicholfon’s conftrudion may be had by a joint like 

is made dired to that point where the beam is fupport- fig. 35. 11 2. . 39 
ed. The adion is the fame as againft the joggle on the Whatever is the form of thefe butting joints, great Circum- 

head or foot of a king-pod. We have 110 doubt but care fhould be taken that all parts bear alike, and the dances t<> 

that this is a very effectual joint. It is not, however, artid will attend to the magnitude of the different fur-^ 
much pradifed. It is laid that the doping feam at the faces. In the general compredion, the greater furfacese 
fhoulder lodges water; but the great reafon feems to be will be lefs compreffed, and the fmaller will therefore 
a fecret notion that it weakens the tie-beam. If we change mod. When all has fettled, every part fhould 
couiider the direction in which it ads as a tie, we mud be equally clofe. Becaufe great logs are moved with 
acknowledge that this form takes the bed method for difficulty, it is very troublefome to try the joint fre- 
bringing the whole of it into adion. quently to fee how the parts fit ; therefore we mud ex- 

jpf'y, 32. exhibits a form that is more general, but ped lefs accuracy in the interior parts. This fhould 
certainly worfe. What part of the thruft that is not make us prefer thofe joints vvhofe efficacy depends chief- 

borne by the tenon ads obliquely on the joint of the ly on the vifible joint. 
fhoulder, and gives the whole a tendency to rife up and It appears from all that we have faid on this fubjed, 
didc outward. that a very fmall part of the cohefion of the tie-beam is 

The fhoulder joint is fometimes farmed like the dot- fufficient for withftanding the horizontal thruft of a 

ted line abedefg of fig. 32. This is much more roof, even though very low pitched. If therefore no 
agreeable to the true principle, and would be a very other ufe is made of the tie-beam, one much flenderer 

pei-fed method, were it not that the intervals bd and may be ufed, and blocks may be firmly fixed to the 
df are fo fntfrt that the little wooden triangles b c d> ends, 011 which the rafters might abut, as they do on 

Jefy will be eafily puffed off their hafes b d, df. the joggles on the head and foot of a king-pod. Al- 
Fig. 33. feems to have the mod general approbation, though a tie-beam lias commonly floors or ceilings to. 

It is the joint recommended by Price (page 7.), and carry, and fometimes the workffops and (lore-rooms of 
copied into all books of carpentry as the true joint for a a theatre, and therefore requires a great fcantling, yet 
rafter foot. The vifible fhoulder-joint is fluff with the there frequently occur in machines and engines very ob- 
upper fnrface of the tie-beam. The angle of the tenon lique ftretchers, which have no other office, and are ge- 

at the tie nearly bifeds the obtufe angle formed by the lierally made of dimenfions quite inadequate to their fi- 
rafter and the beam, and is therefore fomewhat oblique tuation, often containing ten times the neceffary quan¬ 
to the thruff. The inner fhoulder a c is nearly perpen- tity of timber. It is therefore of importance to afeer- 
dicular to b d. The lower angle of the tenon is cut off tain the mod perfed manner of executing fuch a joint, 
horizontally as at e d. Fig. 34. is a fedioii of the beam We have direded the attention to the principles that 
and rafter foot, (hewing the different ffoulders. are really concerned in the effed. I11 all hazardous 

We do not perceive the peculiar merit of this joint, cafes, the carpenter calls in the afiidance of iron draps; 
The effed of the three oblique abutments ab,ac, e d, and they are frequently neceffary, even in roofs, not- 
is undoubtedly to make the whole bear on the outer withftanding this fuperabundant ftrength of thetie-beam. 

end of themortife, and there is no other part of the tie- But this is generally owing to bad. conftrudion of the 
beam that makes immediate refiftance. Its only advan- wooden joint, or to the failure of it by time. Straps 

tage over a tenon extending in the diredion of the will be coniidered in their place. 
thruft is, that it will not tear up the wood above it. There needs but little to be faid of the joints at a I 
Had the inner fhoulder had the form e c i, having its joggle worked out of folid timber ; they are not near 
face ic perpendicular, it would certainly have aded io difficult as the laft. . When the fize of a log will al- 
more powerfully in flretehing many filaments of the tie- low the joggle to receive the whole breadth of the a- 
beam, and would have had much lefs tendency to force butting brace, it ought, certainly to be made with a 
out the end of the inortife. The little bit c i would fquare fhoulder ; or, which is ftill better, an .arch of a 
have prevented the Hiding upwards along e c. At any cirdle, having the other end of the brace for its centre, 
rate, the joint a b being flnfh with the beam, prevents Indeed this in general will not fenfibly differ from a 
any fenfible abutment on the fhoulder ac. flraight line perpendicular to the brace. By this circu- 

Fig. 33. n° 2. is a fimpler, and in our opinion a pre- lar form, the fettling of the roof makes no change in 
ferablc, joint. We obferve it pradifed by the mod the abutment ; but when there is not fufficient fluff for 
eminent carpenters for all oblique thrufts; but it furely this, we muft avoid bevel joints at the ffoulders,.becaufe 

employs lefs of the cohefion of the tie-beam than might thefe always tend to make the brace Aide off. The 
be ufed without weakening it, at leafl when it is fup- brace in fig. 36. muft not be joined as at a, but as at 
ported on the other fide by the wall-plate. I, or fome equivalent manner. Obferve the joints at 
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the head of the main polls of Drury Line theatre, fig 
D. 

When the very oblique adtion of one fide of a frame 

of carpentry does not extend but comprefs the piece on 
which it abuts (as in fig. 11.), there is no difficulty in 
the joint. Indeed a joining is unneceffary, and it is 
enough that the pieces abut on each other ; and we 
have only to take care that the mutual prefiure be equal¬ 
ly borne by all the parts, and that it do not produce la¬ 

teral preffures, which may caufe one of the pieces to 
Aide on the butting joint. A very flight mortife and 

tenon is fufficient at the joggle of a king-poll with a 
raiter or {training beam. It is beft, in general, to make 
the butting plain, bifedting the angle formed by the 
Tides, or elfe perpendicular to one of the pieces. In 

fig. 36. nQ 2. where the {training beam a b cannot flip 
Uvvay from the preffure, the joint a is preferable to b, or 
indeed to any uneven joint, which never fails to produce 

very unequal preffures on the different parts, by which 
fome are crippled, others are fplintered off, See. 

When it is neceffary to employ iron {traps for flrength- 
for pb^g ening a joint, a conliderable attention is neceffary, that 

^s* we may place them properly. The firff thing to be deter¬ 
mined is the diredlion of the {train. This is learned by 
the obfervations in the beginning of this article. We 
mult then refolvethis ftrain into a (train parallel to each 
piece, and another perpendicular to it. Then the {trap 
which is to be made fait to any of the pieces muff be fo 
fixed, that it fhall refill in the direction parallel to the 
piece. Frequently this cannot be done ; but we muff 
come as near to it as we can. In fuch cafes we muff 
fuppofe that the affemblage yields a little to the pref- 
fures which adt on it. We muff examine what change 
of fhape a fmall yielding will produce. We muff now 

fee how this will affedt the iron ftrap which we have al¬ 
ready fuppofed attached to the joint in fome manner 
that we thought fuitable. This fettling will perhaps 
draw the pieces away from it, leaving it loofe and un- 

ferviceable (this frequently happens to the plates which 
are put to iecure the obtufe angles of butting timbers, 
when, their bolts are at fome diffance from the angles, 
efpecially when thefe plates are laid on the infide of the 
angles); or it may caufe it to comprefs the pieces hard¬ 
er than before; in which cafe it is anfvvering our inten¬ 

tion. But it may be producing crofs {trains, which 
may break them ; or it may be crippling them. We 
can hardly give any general rules ; but the reader will 
do well to read what is written in nQ 36. and 41. of the 
article Roof, Encycl. In n° 36. he will fee the nature 
of the ftrap or ftirrup, by which the king-poft carries 
the tie-beam. The {trap that we obferve moft gene¬ 
rally ill placed is that which conne&s the foot of the 
rafter with the beam. It only binds down the rafter, 
but does not adt againft its horizontal thruft. It ffiould 
be placed farther back on the beam, with a bolt through 
it, which will allow it to turn round. It ffiould em¬ 

brace the rafter almoft horizontally near the foot, and 

ffiould be notched fquare with the back of th^rafter. 
Such a conftrudlion is reprefented in fig. 37. By mo¬ 

ving round the eye-bolt, it follows the rafter, and can¬ 
not pinch and cripple it, which it always does in its or¬ 

dinary form. We are of opinion that {traps which have 
eye-bolts in the very angles, and allow all motion round 
them, are of all the moft perfeft. A branched (trap, 

fuch as may at once bind the king-poft and the two 
Suppl. Vol. I. Part I. 
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braces which butt on its foot, will be more ferviceable 
if it have a joint. When a roof warps, thofe branched 

ftrapsTrequently break the tenons, by affording a ful¬ 

crum in one of their bolts. An attentive and judicious 
artift will confider how the beams will adt on fuch oc- 

cafions, and will avoid giving rife to thefe great drains 
by levers.—A fkilful carpenter never employs many 

{traps, confidering them as auxiliaries foreign to his art# 

and fubjedt to imperfections in workmanlhip which he 
cannot difeern nor amend. We muft refer the reader 

to Nicholfon’s Carpenter and Joiner’s Assistant 
for a more particular account of the various forms of 

ftirrups, ferewed rods, and other iron work for carrying 
tie-beams, Scc. 

As for thofe that are neceffary for the turning joints 
of great engines conftrudted of timber, they make no 
part of the art of carpentry. 

177 

After having attempted to give a fyftematic view 
of the principles of framing carpentry, we fhall con¬ 

clude, by giving fome examples which will illuftrate and 
confirm the foregoing principles. 

. Fig* 38. is the roof of the chapel of the Royal Hof- 
pital at Greenwich, conftrudted by Mr S. Wyatt. 

Inches 
Scantling 

AA, Is the tie-beam, 57 feet long, fpanning 

4* 
Examples 
iff different 
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carpentry. 

43 
Roof of 
Greenwich 
chapeU 

14 by 12 

9X12 

9X7 

10X7 

6X7 

10X7 

9-7 
2X2 

51 feet clear 

CC, Qneen-pofts 
D, Braces 

E, Trufs beam 
F, Straining piece 

G, Principal rafters 

H, A cambered beam for the platform 

B, An iron ftring, fupporting the tie-beam 

.The truffes are 7 feet apart, and the whole is covered 
with lead, the boarding being fupported by horizontal 
ledgers hy b9 of 6 by 4 inches. 

This is a beautiful roof, and contains lefs timber than 
moft of its dimenfions. The parts are all difpofed with 

great judgment. Perhaps the iron rod is uimeceffary ; 
but it adds great ftiffnefs to the whole. 

The iron {traps at the rafter feet would have had 
more effedt if not fo oblique. Thofe at the head of 
the polls are very effedtive. 

We may obferve, however, that the joints between 
the {training beam and its braces are not of the beft 
kind, and tend to bruife both the {training beam and 
the trufs beam above it. 

Fig. 39. the roof of St Paul’s, Covetit Garden, con¬ 
ftrudted by Mr Wapfhot in 1796 

AA, Tie-beam fpanning 50 feet 2 inches 
B, Queen-poll - 

C, Trufs beam - - ... 

D, King-poft (14 at the joggle) 
E, Brace 

FF, Principal brace (at bottom) 

HH, Principal rafter (at bottom) 

Studs fupporting the rafter 

This roof far excels the original one put up by Inigo 

Jones. One of its truffes contains 198 feet of timber. 
One of the old roof had 273, but had many fnadive 

timbers, and others ill difpofed. (N. B, The figure 

which wc gqve of it in the article Roof, copied from 

Z Price, 

16.12 

9X8 

10X8 

9X8 

8X7^ 
loX8{ 
10X84- 

8X8 

44 
St Paul’s, 
Coven t 
Garden. 
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Price, is very erroneous). The internal truls FCF is 
admirably contrived for Importing the exterior rafters 

without any preffure on the far projeding ends of the 
tie beam The former roof had bent them greatly, lo 

(fi* inches) of .he <i, 

beam is rather hurtful; becaufe, by fettling, the beam 
lengthens ; and this muft be accompanied by a conjtder. 

able finking of the roof. This will appear by calcula- 

Birmine- ^Fig. 40. the roof of Birmingham theatre, conftrud- 
ham the. ed by Mr Geo. Saunders. The fpan is 80 feet clear, 

and the trulfes are 10 feet apart. 

9><5 
9X9 

8x5i 

7X5 
15X15 

12X9 

9X9 

7X9 
9X9 

4X2I 

9 and 6X9 

6X9 

7X5 
5IX9 

atre. 

A, Is an oak corbel 
B> Inner plate 

C, Wall plate 
D, Pole plate 

E, Beam 
F, Straining beam 
G, Oak king-pod (in the (halt) 
II, Oak queen-pod (in the fha.t) 

I, Principal rafters 

K, Common ditto 

L, Principal braces 
M, Common ditto 

N, Purlins 
q\ Straining fill 

This roof is a fine fpecimen of Bntlfli carpentry, and 

is one of the bolded and lighted roofs in Europe. The 

draining fill 0 gives a firm abutment ll?e Prlinc‘Pa 
braces °and the fpace between the pods is ipT feet 

tide, affording roon,, wortlhip. 

f* rtf thi\ was to prevent the total failure of fo 
SdT.^!:*.”..) i.h« tic henms iho.ld fail a. .he 

en<A^nrto ibis roof is fig. 41. the roof of Drury Lane 

fhcUatreLane theatre, 80 feet 3 inches in the^ear, and 
feet apart, condruded by Mr Edward Grey Saunders. 

_ ... 10 by 7 
A, Beams 
B, Rafters 
C, King-pods 

D, Struts 
E, Purlins 
G, Pole plates 
I, Common rafters 
K, Tie-beam to the main trufs 

L, Pods to ditto - . ■ 
M, Principal braces to ditto 

N, Struts 
P, Straining beams 

The main beams are trufled in the middle fpace with 

oak truffes 5 inches fquare. This was neceffary for its 
width of 32 feet, occupied by the carpenters, painters, 
&c. The great fpace between the truffes affords good 

ftore-rooms, dreffing-rooms, &c. 
It is probable that this roof has not its equal m the 

world for lightnefs, diffnefs, and drength fhe mam 
trufs is fo judicioudy framed, that each of them will fafe- 

ly bear a load of near 300 tons; fo it is not likely that 

7X7 
12X7 

JX7 
9X5 
5X5 

5X4 

. 15X12 
15X12 

14 and 12X12 

8X12 
. 12X12 
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they will ever be quarter loaded. The divifion of the 
whole into three parts makes the exterior roofings very 
light. The drains are admirably kept from the walls, 

and the walls are even firmly bound together by the 

roof. They alfo take off the dead weight from the 

main trufs one-third. . r c „ 47 
The intelligent reader will perceive that all thefe roofs cmatkt, 

are on one principle, depending on a trufs of three 

pieces and 'a llraight tie-beam. This is indeed the 
oreat principle of a trufs, and is a dtp beyond the roof 
with two rafters and a king pod. It admits of much 
greater variety of forms, and of greater extent. We 
may fee that even the middle part may be earned to 
any fpace, and yet be Hat at top ; for the trufs beam 
may be fnpported in the middle by an inverted king- 

pod (of timber, not iron), carried by iron or wooden 

ties from its extremities : And the fame ties may carry 
the horizontal tie-beam K ; for till K be torn atunder, 

or M, M, and P be crippled, nothing can tail. 
The roof of St Martin’s church in the Fields is con- 

druaed on good principles, and every piece properly 
difpofed. But although its fpan does not exceed 40 
feet from column to column, it contains more timber in 
a trufs than there is in one of Drury-Lane theatre. 1 he 

roof of the chapel at Greenwich, that of St Paul s. Co¬ 
vent Garden, that of Birmingham, and that of Drury 
Lane theatres, form a feries gradually more perfedt. 
Such fpecimens afford excellent leffons to the artifts. 

We therefore account them a ufeful prefent to the pub* 

lie. 4^ 
There is a very ingenious projeft offered to the pub- Projed by 

lie bvMr nUo|L \C,rP,,V, AM,„, p. 68.) 
propofes iron rods for king-pofts, queen-pods, and all 
other fituations where beams perform the office of ties. 

This is in profecution of the notions which we publi h- 

ed in the article Roof of the Etteycl. (fee n°36> 37.) 
He receives the feet of the braces and druts in a locket, 
very well conneded wilh the foot of his iron king-pod; 

and he fecures the feet of his queen-pods from being 

pufhed inwards, by interpofing a draining fid. De 
does not even mortife the foot of h.s principal rafter m- 
to the end of the tie-beam, but lets it 10 a Socket like a 

fhoe, at the end of an iron bar, which is bolted into the 
tie-beam a good way back. All the parts are formed 
and difpofed with the prccifion of a perfon thoroughly 
acquainted with the fubjed; and we have not the final!- 

ed doubt of the fuccefs of the projed, and the complete 
fecurity and durability of his roofs, and we exped to 
fee many of them executed. We abound _in iron, bu 

we mud fend abroad for building timber. This is there- 

fore a valuable projed ; at the fame time, however, let 
us not over-rate its value. Iron is but about. 12 times 
dronger than red fir, and is more than 12 times hea¬ 

vier ; nor is it cheaper, weight for weight, or drength 

^O^rdludrations and examples have been chiefly taken 

from roofs, becaufe they are the mod familiar indances 

of the difficult problems of the art. We could ha e 

wiffied for more room even on this fubjed. The co 
drudion of dome roofs has been (we think) miftake, , 

and the difficulty is ttfuch left than is imagined. We 

mean in refped of drength ; for we grant that ™ 
liquity of the joints, and a general intricacy, increales 

the trouble of workmandup exceedingly. Anothe: P 

portunity may perhaps occur for confidering 11 
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49 Wooden bridges form another clafs equally difficult 

Wooden an(j important ; but our limits are already overpafied, 

briaSes‘ and will not admit them. The principle on which they 
ftiould all be conftrudled, without exception, is that of 
a trufs, avoiding all lateral bearings on any of the tim¬ 
bers. In the application of this principle, we mull far¬ 
ther remark, that the angles of our trufs ffiould be as 

acute as poffible ; therefore we ffiould make it of as few 
and as long pieces as we can, taking care to prevent the 
bending of the trufs beams by bridles, which embrace 
them, but without preffing them to either fide. When 
the trufs confifts of many pieces, the angles are very ob- 
tufe ; and the thrufts increafe nearly in the duplicate 
proportion of the number of angles. The proper ma¬ 
xims will readily occur to the artift who confiders with 

attention the fpecimens of centres or coombs, which we 

ffiall give in the article Centre. 

Framing of With refpedl to the frames of carpentry which occur 
greatleveo.in engines and great machines, the varieties are fuch 

that it would require a volume to treat of them proper, 
ly. The principles are already laid down ; and if the 
reader be really interefted in the (Indy, he will engage in 
it with ferioufnefs, and cannot fail of being inftru&ed. 
We recommend to his confideration, as a fpecimen of 

what may be done in this way, the working beam of 
Hornblower’s fteam-engine (fee SiEAM-Enginey n° 84. 
Encycl.) When the beam nuift adl by chains hung from 
the upper end of arch heads, the framing there given 
feems very fcientifically conftru&ed; at the fame time, 
we think that a ftrap of wrought iron, reaching the 
whole length of the upper bar (fee the figure;, would 
be vaftly preferable to tliofe partial plates which the en¬ 
gineer has put there, for the bolts will foon work loofe. 

But when arches are not necefiary, the form employ¬ 
ed by Mr Watt is vaftly preferable, both for fimplicity 
and for ftrength. It confifts of a fimple beam AB 
(fig. 42.), having the gudgeon C on the upper fide. 
The two pifton-rods are attached to wrought iron joints 

N T R Y. 
A and B. Two ftrong ftruts DC, EC reft on the .up¬ 
per fide of the gudgeon, and carry an iron firing 
ADEB, confifting of three pieces, connedled with the 
ftruts by proper joints of wrought iron. A more mi¬ 

nute defeription is not needed for a clear conception of 

the principle. No part of this is expofed to a crofs. 
ftrain ; even the beam AB might be fawed through at 
the middle. The iron firing is the only part which is 

ftretched ; for AC, DC, EC, BC, are all in a ftate of 
compreffion. We have made the angles equal, that all 
may be as great as poffible, and the preffure on the 
ftruts and firings a minimum. Mr Watt makes them 
much lower, as A de B, or A ^ E B. But this is for 
economy, becaufe the ftrength is almoft infuperable. It 

might be made with wooden firings; but the work man - 
ffiip of the joints would more than compenfate the cheap- 

nefs of the materials. 

We offer this article to the public with deference, Conciufiom 
and we hope for an indulgent reception of our effay on 
a fubjedl which is in a maimer new, and would require 
much ftudy. We have bellowed our chief attention 
on the ftrength of the conftruclion, bccaufe it is here 
that perfons of the profeffion have the moll fcanty in¬ 
formation. We beg them not to confider our obferva- 
tions as too refined, and that they will ftudy them with 
care. One principle runs through the whole ; and 
when that is clearly conceived and familiar to the mind, 
we venture to fay that the practitioner will find it of 
eafy application, and that he will improve every per¬ 

formance by a continual reference to it. 
If this attempt to inftruCl our moft valuable and much 

efteemed artifls ffiall appear to meet with their approba¬ 
tion, it may encourage us to engage in the ferious talk 
of compofing a fyflem on the fubjeCt. But this is a 
great work, and will require much time and liberal con¬ 
tribution of knowledge from the eminent carpenters who 

do honour to this country by their works. 

CAS 
Cafcabel CASCABEL, the knob or button of metal behind 

{{ the breech of a cannon, as a kind of handle by which 
Cafiini. to elevate and diredl the piece ; to which fome add the 

v fillet and ogees as far as the bafe-ring. 
CASEMATE, or Cazemate, in fortification, a 

kind of vault or arch of flone-work, in that part of the 
flank of a baftion next the curtain; ferving as a battery 
to defend the face of the oppofite baftion, and the moat 
or ditch. 

It is now feldom ufed, becaufe the batteries of the 
enemy are 3pt to bury the artillery of the cafemate in 
the ruins of the vault; befide, the great fmoke made by 
the difeharge of the cannon renders it intolerable to the 

, men. So that, inftead of the ancient covered cafemates, 
later engineers have contrived open ones, only guarded 
by a parapet, &c. 

Casemate is alfo ufed for a well with feveral fubter 

raneous branches, dug in the paffage of the baftion, till 
the miner is heard at work, and air given to the mine. 

CASSINI (James), a celebrated French allronomer, 
was born at Paris February 18. 1677, being the young 

er fon of Johannes Dominicus Caffini, of whom fome 
account has been given in the Encyclopadia. 

CAS 
After his fir ft ftudies in his father’s houfe, in which Caffinh 

it is not to be fuppofed that mathematics and allronomy Vi ""r**" 
would be negledled, he was fent to ftudy philofophy at 
the Mazarine college, where the celebrated Varignon was 
then profeffor of mathematics. From the affiflance of this 
eminent young man Caffini profited fo well, that at 15 
years of age hefupported a mathematical thefts with great 
honour. At the age of 17 he was admitted a mem¬ 
ber of the Academy of Sciences ; arid the fame year he 
accompanied his father in a journey to Italy, where 
he affifted him in the verification of the meridian at Bo¬ 

logna and other meafurements. On his return he per¬ 
formed fimilar operations in a journey into Holland, 
where he difeovered fome errors in the meafure of the 

earth by Snell, the reftilt of which was communicated to 
the Academy in 1702. He made alfo a vifit to England 
in 1696, where he was made a member of the Royal 

Society. In 1712 he fucceeded his father as aflroncmtr 
royal at the obfervatory of Paris. In 1717 he gave to 

the Academy his refearches on the diftance of the fixed 
ftars; in which he (hewed that the whole annual orbit, 
of near 2QO millions of miles diameter, is but as a point 
in comparifon of that diftance. The fame year he eom- 

Z 2 * municated^ 
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Cafiini. municated alfo his difcoveries concerning the inclination 
—■’V—' of the orbits of the fatellites in general, and efpecially 

of thofe of Saturn’s fatellites and ring. In 1725 he 
undertook to determine the caufe of the moon’s libra- 

tion, by which (he fhews fometimes a little towards one 
fide, and fometimes a little on the other, of that half 
which is commonly behind or hid from our view. 

In 1732 an important queftion in aftronomy exercifed 
the ingenuity of our author. His father had determi¬ 

ned, by his obfervations, that the planet Venus revolved 
about her axis in the fpace of 23 hours ; and M. Bian- 
chini had publifhed a work in 1729, in which he fettled 
the period of the fame revolution at 24 days 8 hours. 
Prom an examination of Bianchini’s obfervations which 

were upon the fpots in Venus, he difeovered that he 
had intermitted his obfervations for the fpace of three 

hours, from which caufe he had probably miftaken new 
fpots for the old ones, and fo had been led into the mi- 
flake. The probability is, that both had fallen into 
fome miflake, or that they had proceeded on very diffe¬ 

rent principles ; for otherwife fuch different refults are 
wholly unaccountable. Dr Herfchel feems fatisfied that 

the period of the revolution is lefs than Bianchini has 
made ; but he does not fay what it is, or that it is not 
much greater than it was fuppofed by Cafhni. Our 
author, after lie had conviXed Bianchini, as he thought,, 
of error, determined the nature and quantity of the 
acceleration of the motion of Jupiter at half a fecond 

per year, and of that of the retardation of Saturn at 
two minutes per year ; that thefe quantities would go 

©n increafing for 2000 years, and then would decreafe 
again. In 1740 he publifhed his Aflronomical Tables, 

and his Elements of Aftronomy ; very extenfive and ac¬ 

curate works. 
Although aftronomy was the principal objeX of our 

author’s confideration, he did not confine himfelf abfo- 

lutely to that branch, but made occafional excurfions 
into other fields. We owe alfo to him, for example, 
Experiments on EleXricity, or the Light produced by 
Bodies by FriXion; Experiments on the Recoil of Fire¬ 

arms ; Refearches on the Rife of the Mercury in the 
Barometer at different Heights above the Level of the 

Sea ; Reflexions on the perfeXing of Burning-glaffes; 

and other Memoirs. 
The French Academy had properly judged, that one 

of its moft important objeXs was the meafurement of 
the earth. In 1669 Picard meafured a little more than 

a degree of latitude to the north of Paris ; but as that 
extent appeared too fmall from which to conclude the 
whole circumference with fufficient accuracy, it was re- 
folved to continue that meafurement on the meridian of 

Paris to the north and the fouth, through the whole 
extent of the country. Accordingly, in 1683, the late 
M. de la Hire continued that on the north fide of Pa¬ 
ris, and the older Caffini that on the fouth fide. The 
latter was affifted in 1700 in the continuation of this 
operation by his fon our author. The fame work was 
farther continued by the fame academicians; and, finally, 
the part left unfinifhed by De la Hire in the north was 
finifhed in 1718 by our author, with the late Maraldi, 

and De la Hire the younger. 
Thefe operations produced a confiderable degree of 

precifion. It appeared alfo, from this meafured extent 

of fix degrees, that the degrees were of different lengths 

tin different parts of the meridian; and in fwch fort that 

our author concluded, in the volume publifhed for 1718, Caffini. 
that they decreafed more and more towards the pole, -y—* 
and that therefore the figure of the earth'was that of 
an oblong fpheroid, or having its axis longer than the 

equatorial diameter. He alfo meafured the perpendicu¬ 
lar to the fame meridian, and compared the meafured dif- 
tance with the differences of longitude as before deter¬ 

mined by the eclipfes of Jupiter’s fatellites : whence he 
concluded that the length of the degrees of longitude 
was fmaller than it would be on a fphere, and that 
therefore again the figure of the earth was an oblong 
fpheroid, contrary to the determination of Newton by 

the theory of gravity. Though Newton was of all men 
the moft averfe from controverfy, the other mathema¬ 

ticians in Britain did not tamely fubmit to conclufions 
in direX oppofition to the fundamental doXrine of a 
philofopher of whofe talents the nation was juftly proud. 

The confequence was, that the French government fent 
two different fets of meafurers,theonetomeafure a degree 
at the equator, the other at the polar circle ; and the 

companion of the whole determined the figure to be an 
oblate fpheroid, contrary to Caffini’s determination. 

After a long and laborious life, James Caffini died 

in April 1756, in confequence of a fall, and was fuc- t 
ceeded in the Academy and Obfervatory by the fubjeX 
of the following article. He publifhed, A Treatife on 
the Magnitude and Figure of the Earth ; as alfo, The 
Elements or Theory of the Planets, with Tables ; be- 
fide an infinite number of papers in the Memoirs of the 

Academy, from the year 1699 to 1755. 
Cassini nfe77wrj/(CefarFran9ois),acelebratedFrench 

aftronomer, dircXor of the obfervatory, penfioner aftro- 

nomer, and member of moft of the learned focieties of 

Europe, was born at Paris June 17. 1714, being the fe¬ 
cond fon of James Caffini, the fubjeX of the preceding 
memoir, whofe occupations and talents he inherited and 

fupported with great honour. He received his firft leffons 
in aftronomy and mathematics from MM. Maraldi and 

Camus; and made fuch a rapid progrefs, that when he 
was not more than ten years of age he calculated the 
phafes of a total eclipfe of the fun. At the age of 
eighteen he accompanied his father in his two journeys 
undertaken for drawing the perpendicular to the ob¬ 
fervatory meridian from Strafbourg to Breft. From 

that time a general chart of France was devifed ; for 
which purpofe it was neceffary to traverfe the country 
by feveral lines parallel and perpendicular to the meri¬ 

dian of Paris, and our author was charged with the con- 
duX of this bufinefs; in which he was fo fcrupulous as 
to meafure again what had been meafured by his father. 
This great work was publifhed in 1740, with a chart 
fhewing the new meridian of Paris, by two different fe- 

ries of triangles, paffing along the fea coafts to Bayonne, 
traverfing the frontiers of Spain to the Mediterranean 
and Antibes, and thence along the eaftern limits of 
France to Dunkirk, with parallel and perpendicular 

lines deferibed at the diftance of 6000 toifes from one 

another, from fide to fide of the country. 
A tour which, in 1741, our author made in Flanders, 

in the train of the king, gave rife, at his majefty’s in- 
ftance, to the chart of France ; relative to which Caf¬ 

fini publifhed different works, as well as a great number 
of the fheets of the chart itfelf. In 1761 he under¬ 
took an expedition into Germany, for the purpofe 

of continuing to Vienna the perpendicular of the Pa- 
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Caflini ris meridian ; to unite the triangle* of the chart of 

I! France with the points taken in Germany ; to pre- 
catalogues e ^ nTCans 0f extending into that country the 
Uf Books. Jfame ,an as {n France . and thus to eftablifh fuc- 

ceffively for all Europe a moft ufeful uniformity.— 
Our author was at Vienna the 6th of June 1761, the 
day of the tranfit of the planet Venus over the fun, of 
which lie obferved as much as the Hate of the weather 
would permit him to do, and publifhed the account of 

it in his Voyage en Memagne. . 
Finally, M. Caflini, always meditating the perfe&ion 

of his grand defign, profited of the peace of 1783 to pro- 
pofe the joining of certain points taken upon the Eng- 
lifli coaft with thofe which had been determined on the 
coafl of France, and thus to connect the general chart 

of the latter with that of the Britifh ifles, like as he 
had before united it with thofe of Flanders and Germa¬ 
ny. The propofal was favourably received by the Eng- 
lifh government, and prcfently carried into effedl under 
the direction of the Royal Society, the execution being 
committed to the late General Roy. See the life of 

that general in this Supplement. 
Between the years 1735 and 1770, M. Caflini pub¬ 

lifhed, in the volumes of Memoirs of the French Aca¬ 
demy, a prodigious number of pieces, confifting chief¬ 

ly of aftronomical obfervations and queftions ; among 
which are obfervable, refearches concerning the parallax 
of the fun, the moon, Mars,' and Venus ; on aftronomi¬ 
cal refra&ions, and the effedt caufed in their quantity 
and laws by the weather; numerous obfervations on the 

obliquity of the ecliptic, and on the law of its variations. 
In (hort, he cultivated aftronomy for fifty years, the 
moft important for that fcience that ever elapfed for 

the magnitude and variety of objects, in which lie-com¬ 

monly fuftained a principal {hare. 
M. Caflini was of a very ftrong and vigorous confti- 

tution, which carried him through the many laborious 
operations in geography and aftronomy which he con¬ 
duced. An habitual retention of urine, however, ren¬ 

dered the laft twelve years of his life very painful and 
diftrefling, till it was at length terminated by the fmall- 
pox the 4th of September 1784, in the 71ft year of his 
age. He was fucceeded in the academy, and as di¬ 
rector of the obfervatory, by his only fon John-Do¬ 
minic Caflini, the fourth in order of direCt defeent who 
has filled that honourable ftation. 

CASTRAMETATION, the art or aC of encamp¬ 

ing an army. 
CATACAUSTICS, or Catacaustic Curves, in 

the higher geometry, are the Ipecies of cauftic curves 
formed by reflection. 

CATACOUSTICS,or Cataphonics,is the fcience 
of reflected founds ; or that part of acouftics which treats 
of the properties of echoes. 

CATALOGUES of Books, is a fubjeCt of which 
a very curious hiftory has been given to the world by 
ProfefTor Beckmann. In the Encyclopaedia mention has 
been made of fome of the moft valuable catalogues, their 

defeCts pointed out, and rules given for making them 
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more perfeCt; but nothing has there been faid of their Catalogue* 
origin, of of the ufes which might be made of the oldeft of Bo°ks^ 

catalogues. 
According to the ProfefTor, George Wilier, whom 

fome improperly call Viller, and others Walter, a book- 

feller at Augfburg, who kept a very large fhop, and 

frequented the Franckfort fairs, firft fell upon the plan 

of caufing to be printed, before every fair, a catalogue 

of all the new books, in which the fize and printers 
names were marked. Le Mire, better known under 
the name of Mineus, fays that catalogues were firft 

printed in the year 1554; but Labbe (a), Reimann (b), 
and Heumann (c), who took their information from Le 

Mire, make the year erroneoufly to be 1564. Willer’s 
catalogues were printed till the year 1592 by Nicol. 

Baflseus, printer at Franckfort. Other bookfellers, 
however, muft have Toon publifhed catalogues of the like 

kind, though that of Wilier continued a long time to 

be the principal. 
In all theie catalogues, which are in quarto and not 

paged, the following order is obferved. The Latin 
books occupy the firft place, beginning with the Pro- 

teftant theological works, perhaps becaufe Wilier was a 
Lutheran ; then come the Catholic ; and after thefe, 
books of jurifprudence, medicine, philofophy, poetry, 

and mufic. The fecond place is aftigned to German 
books, which are arranged in the fame manner. 

The bookfellers of Leipfic foon perceived the advan¬ 
tage of catalogues, and began not only to reprint thofe 
of Franckfort, but alfo to enlarge them wdth many 

books which had not been brought to the fairs in that 
city. Our author had for fome time in his cuftody. 
Catalogue univerfalis pro nundinis Francofurtenfibus %'er- 

nalilus, de anno 1600; or, A catalogue of all the books 
on fale in Book-ftreet, Franckfort, and alfo of the books 

publifhed at Leipfic, which have not been brought to 
Franckfort, with the permifiion of his highnefs the elec¬ 
tor of Saxony, to thofe new works which have appeared 
at Leipfic. Printed at Leipfic by Abraham Lamberg, 
and to be had at his fliop. On the September catalogue 
of the fame year, it is faid th3t it is printed from the , 

Franckfort copy with additions. He found an Imperial 
privilege for the firft time on the Franckfort September 

catalogue of 1616: Cum gratia et privilegio fpeciali f 
caef maj. Projlat apud J. Krugerum Augujlamim. 

Reimmann fays, that after Willer’s death the cata¬ 
logue was publifhed by the Leipfic bookfeller Henning 
Grofie, and by his fon and grandfon. The council of 
Franckfort caufed feveral regulations to be iflued re- 
fpeding catalogues ; an account of which may be feea 

in D. Orth’s Treatife on the Imperial Fairs at Franck- 
fort. After the bufinefs of bookfelling was drawn from 
Franckfort to Leipfic, occafioned principally by the re- 
ftridtions to which it was fubje&ed at the former by 

the cenfors, no more catalogues were printed there ; 
and the fhops in Book-ftreet were gradually converted 
into taverns (d). 

“ In the 16th century there were few libraries; and 

thefe, wliich did not contain many books, were in mo- 

uafteries* 

,(a) Labbe, Bibliotheca Bibliothecarum. Lipfiae, 1682, i2mo, p. 

(b) Einleitung in dit Hijloriam Literariam, i. p. 203. 
(c; Confpe&us Reip. Litter, c. vi. § 2. p. 316. 

(d) Joh. Adolph. Stock, Frankfurter Chronik, p. 77* 
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Catalogues nafleries, and confided principally of theological, philo- 
of joeks. jf0pin*cai^ ancj luftorical works, with a few, however, on 

jiirifprudence and medicine ; while thofe which treated 
6f agriculture, manufactures, and trade, were thought 
unworthy of the notice of the learned, or of being pre- 
ferved in large collections. The number of tliefe works 
was, neverthelefs, far from being inconfiderable ; and at 
anv rate, many of them would have been of great ufe, 
£s they would have ferved to illuftrate the inftru&ive 
hiftory of the arts. Catalogues which might have given 
occafion to inquiries after books, that may be (till fome- 
*\vhere preferved, have fuffered the fate of tomb-ftones, 
which, being waited and crumbled to pieces by the de- 
flroying hand of time, become no longer legible. A 
complete feries of them perhaps is nowhere to be found, 

•at leaft I do not remember (fays the Profefibr) to have 

ever feen one in any library.,, 
This lofs, however, he thinks, might be in fome mea- 

fure fupplied by the catalogues of Clefs and Draudius ; 
-who, by the defire of fome bookfellers, colledted toge¬ 
ther all the catalogues which had been publilhed at the 
different fairs in different years. The work of Clefs has 

the following title : Uritus feculi ej ufque virorum littera- 

iorum morimnentis turn Jlorentffmi, turn fertiliffvni, ab an¬ 

no 1500 ad 1602 nundinarum autumnalium indufive, elen 

xhus confummatiffimus—defumtus partim ex Jingularum nun- 

dinarum cafalogis, partim ex bibliothecis. Audlore Joanne 
Clefiio, Wineccenfi, Hannoio, philofopho ac medico.— 
•By the editor’s preface, it appears that the fird edition 
was publifhed in 1392. The order is almoll the fame 

as that obferved by Wilier in his catalogues. 
The work of Draudius, which was printed in feveral 

uarto volumes for the fird time in 1611, and after- 

• wards in 1625, is far larger, more complete, and more 
methodical. Our author, however, confelfes, that he 
never faw a perfedl copy of either edition. This cata¬ 

logue conlilts of three parts ; of which the fird has the 
title of Bibliotheca claffua, five Catalogus officinalis, in 

quoftnguliJingularum facultatum ac profe/fionum libri, qui 

in quavis fere lingua extant—recenfentur ; ufque ad an¬ 

num 1624 inclufive. Au&ore M. Georgio Draudio.— 
It contains Latin works on theology, jurifprudence, 
medicine, hidory, geography, and politics. The copy 

in the library of the univerfity of Gottingen ends at 
page 1304, which has, however, a catch-word, that 

feems to indicate a deficiency.—The fecond part is in- 
titled, Bibliotheca clajfica five Catalogus officinalis, in quo 

philofophic'i artiumque adeo humaniorum, poetici etiam et 

mufici libri ufque ad annum 1624 continentur. This part, 
containing Latin books alfo, begins at page 1298, and 
ends with page 1654, which is followed by an index of 
all the authors mentioned.—A fmaller volume, of 302 
pages, without an index, has for title, Bibliotheca exotica, 

five Catalogus officinalis librorum peregrinis Unguis ufuali- 

b us fieript or urn. And a third part, forming 759 pages, 

befides an index of the authors, is called, Bibliotheca li¬ 

brorum Germanicorum claffica ; that is, A catalogue of 
all the books printed in the German language till the 

year 1625. 
We have reafon to believe that there are other edi¬ 

tions of this catalogue than thofe mentioned by Profef- 
for Beckmann ; and it might become fome prince or 
great man, for it is not a work for a bookfeller, to com¬ 

pare all the editions together, and publifh a new one 

more- cor reft than any that is at prefent extant. This 

indeed would be an expenfive and not an eafy tafk ; for Catalog, $ 

our author obferves, that all the oldeft catalogues hadof th"Scart f 
the fame faults as thofe of later date, and that thefe r 
faults have been copied by Draudius. Many books are 

mentioned which were never printed, and many titles, | 
names, and dates, are given incorredlly ; but Draudius 
neverthelefs is well worth the attention of any one who 

may be inclined to employ his time and ingenuity on 
the hiftory of literature ; and his work certainly was of \ 

ufe to Haller when lie compofed his Bibliotheca. 

Catalogues of the Stars, have ufually been difpofed, i 
either as colledled into certain figures called conftellations, I 
or according to tlieir right afeenfions, that is, the order ; 
of their pafiing over the meridian. ’ 

Of the principal catalogues, according to the firft of 

thefe forms, an account has been given in the Encyclo- I 
pfdia. The firft catalogue, we believe, that was printed 
in the new or fecond form, according to the order of 

the right afeenfions, is that of De la Caille, given in his ! 
Epbemerides for the ten years between 1755 and 1765, j 

and printed in 1755. It contains the right afeenfions i 
and declinations of 307 liars, adapted to the beginning 

of the year 1750. In 1757 De la Caille publifhed his | " 
Afronom'ue Fundamenta, containing a catalogue of the 

right afeenfions and declinations of 398 liars, like wife 
adapted to the beginning of 1730. And in 1763, the I 
year after his death, was publifhed the Ccelum Aujlrale 

Stelliferum of the fame author ; containing a catalogue I 
of the places of 1942 ftars, all fituated to the fouthward |! 
of the tropic of Capricorn, and obferved by him while 

he was at the Cape of Good Hope in 1751 and 17^2; j I 
their places being alfo adapted to the beginning of 

1750. In the fame year was publifhed his Epheme- 
rides for the ten years between 1765 and 1775 ; in the 
introduction to which are given the places of 513 zo¬ 

diacal ftars, all deduced from the obfervations of the 
fame author; the places adapted to the beginning of 
the year 1765. 

In the Nautical Almanac for 1773, is given a cata¬ 
logue of 387 ftars, in right afeenfion, declination, lon¬ 
gitude, and latitude, derived from the obfervations of 
the late celebrated Dr Bradley, and adjufted to the be¬ 
ginning of the year 1760. This fmall catalogue, and 

the refults of about i 200 obfervations of the moon, are 
all that the public have yet feen of the multiplied la- I 
bours of this moll accurate and indefatigable obferver, 

although he has now (1798) been dead upwards of 38 
years. 

In 1775 was publifhed a thin volume, intitled Opera 

Inedita, containing feveral papers of the late Tobias 
Mayer, and among them a catalogue of the right afeen¬ 

fions and declinations of 998 ftars, which may be oc- I I 
culted by the moon and planets ; the places being adapt¬ 
ed to the beginning of ihe year 1756. 

At the end of the firft volume of if Aftronomical 
Obfervations made at the Royal Obfervatory at Green- ; 
wich,” publifhed in 1776, Dr Mafkelyne, the prefent 
aftronomer royal, has given a catalogue of the places of I 9 
34 principal ftars, in right afeenfion and north polar 
diflance, adapted to the beginning of the year 1770. 

Tliefe being the refult of feveral years repeated ob¬ 
fervations, made with the utmoft care and the befl in- 
ftruments, it may be prefumed are exceedingly accurate. 

In 1782, M. Bode of Berlin publifhed a very ex- 

tenfive catalogue of 5058 of the fi^ed ftars, collecled 
from 
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from the obfervations of Flamfteed 

■Mayer, De la Caille, Meflier, Monnier, D’Arqueir, and 

other aftronomers ; all adapted to the beginning of the 
year 1780; and accompanied with a celeftial atlas or 

fet of maps of the conftellations, engraved in a moft de¬ 

licate and beautiful manner. 
To thefe may be added Dr Herfchel’s catalogue of 

double liars, printed in the Phil. Tranf. for 1782. and 
1785 ; Me flier’s nebulas and clufters of liars, publifhed 

in the Connoijfance des Temps for 1784; and Herfchel’s 
catalogue of the fame kind, given in the Phil. Tranf. 

for 1786. 
In 1789 Mr Francis Wollallon publifhed “ A Spe¬ 

cimen of a General Aftronomical Catalogue, in Zones 
of North-polar Diltance, and adapted to January 1. 

I790.,, Thefe liars are colledled from all the cata¬ 
logues before-mentioned, from that of Hevelius down¬ 

wards. This work contains five diftindl catalogues ? 
viz. Dr Malkelyne’s new catalogue of 36 principal liars; 
a general catalogue of all the liars, in zones of north- 
polar di fiance ; an index to the general catalogue; a 
catalogue of all the liars, in the order in which they 
pafs the meridian ; and a catalogue of zodiacal liars, in 

longitude and latitude. 
Finally, in 1792, Dr Zach publifhed at Gotha, Ta¬ 

bula Moiuum Solis ; to which is annexed a new catalogue 
of the principal fixed liars, from his own obfervations 

made in the years 1787, 1788, 1789, *79a . Thl*s ca* 
talogue contains the right afcenfions and declinations of 
381 principal liars, adapted to the beginning of the 
year 1800.—Hutton's Mathematical Dictionary. 

Befides thefe two methods of forming catalogues of 

the liars, Dr Herfchel has conceived a new one, in 
which the comparative brightnefs of the liars is accu¬ 
rately expreffed. It is long fince aftronomers were lirll 
led to arrange the liars in clalfesof different magnitudes 
by their various degrees of brilliancy or lullre. Bright* 
nefs and fize have at all times been confidered as-fyno- 
nymons terms ; fo that the brighteft liars have been re* 
ferred to the clafs comprehending thofe of the firft mag¬ 
nitude; and as the fubfequent orders of liars have been 
fuppofed to decreafe in lullre, their magnitude has been 
determined in the fame decreafing progrefiion : but the 
want of fome fixed and fatisfadlory tlandard of lullre has 
been the fource of conliderable confufion and uncertain¬ 
ty in fettling the relative magnitudes of the liars. A 
ftar marked 1. 2m. is fuppofed to be between- the firil 
and fecond magnitude; but 2. im. intimates that the 
Har is nearly of the fecond magnitude, and that it par¬ 
takes fomewhat of the lullre of a liar of the firil order. 
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Bradley, Hevelius, eleven ftars (fays Dr Herfchel) which I have pointed Catalogue* 

' out may be reduced to the fame contradiction:” . 0 hear? 
The author has pointed out the inllances of the in¬ 

efficiency of this method, and of the uncertain conclu- 
fions that are deduced from it, in determining the com-' 

parative brightnefs of liars found not only in Mr Flam- 
Heed’s catalogue, hut alfo in the catalogues of other 

aftronomers. It is efficiently apparent that the prefent 
method of exprefting the brightnefs of the ftars is very 
defe&ive. Dr Herfchel therefore propofes a different 

mode, that is more precife and fatisfadlory. 
I place each liar (lie fays), in Head of giving its 

magnitude, into a fhort feries, conltru&ed upon the or¬ 
der" of brightnefs of the nearell proper liars. For in- 

llance, to exprefs the lullre of D, I fay CDE. By this 
fhort notation, inftead of referring the Har D to an 
imaginary uncertain ilandard, I refer it to a precife ami 

determined exifting one. C is a liar that lias a greater 
lullre than D, and E is another of lefs brightnefs than 
D. Both C and E are neighbouring ftars, chofen in 

fuch a manner that I may fee them at the fame time 

with D, and therefore may be able to compare them 
properly. The lullre of C is in the fame manner afcer- 

tained by BCD ; that of B by ABC ; and alfo the 

brightnefs of E by DEF ; and that of F by EFG. 
“ That this is the moft natural, as well as the moft 

effe&ual way to exprefs the brightnefs of a Har, and by 
that means to detect any change that may happen in its 
lullre, will appear, when we confider what is requifite 
to afcertain fuch a change. We can certainly not wilh 
for a more decifive evidence, than to be affured, by ac¬ 
tual infpedlion, that a certain liar is now no longer more 
or lefs bright than fuch other ftars to which it has been 
formerly compared ; provided we are at the fame time 
affured that thofe other ftars remain Hill in their former 
unaltered lullre. But if the ftar D will no longer 
Hand in its former order CDE, it mull have undergone 

a change ; and if that order is now to be expreffed by 
CED, the ftar has loft fome part of its lullre ; if, on 
the contrary, it ought now to be denoted by DCE, its 
brightnefs mull have had fome addition. Then, if we 
Ihould doubt the liability of C.and E, we have recourfe 
to the orders BCD and DEF, which exprefs their 
lullre ; or even to ABC and EFG, which continue the 
feries both ways. Now having before us the Feries 
BCDEF, or if necelfary even the more extended one 
ABCDEFG* it will be impoffible to niiftake a change 
of brightnefs in D, when every member of the feries is 
found in its proper order except D-” 

In the author’s journal or catalogue, in which the 

Such fubdivifions may be of fome ufe in afcertaining . order of the lullre of the liars is fixed, each liar bears 

ftars of the firil, fecond, and third claffes ; but the ex- 
preffions 5m, 5.6m, 6.9 m, 6m, mull be very vague and 
indefinite. Dr Herfchel obferves that he has found 
them fo in fadt; and he therefore confiders this method 
of pointing out the different lullre of ftars as a reference 
to an imaginary Ilandard. If any dependence could be 
placed on this method of magnitudes, “ it would follow; 
that no lefs than eleven ftars in the conftellation of the 

Lion, namely, b* *1 Ab c d 54, 48, 7 2, had all under¬ 
gone a change in • their lullre fince Flamfteed’s time : 
For if the idea of magnitudes had been a clear one, our 
author, who marked & 1.2m. and y 2112. ought to be 
underftood to mean that & is larger than y ; but we now 

find that actually Y is-larger than /?. Every one of the 

its own proper name or number, £. g. “ the brightnefs 
of the ftar i Leonis may be expreffed by P> J * Leonis, 
or better by 94-r-68—17 Leonis ; thefe being the 
numbers which the three above ftars bear in the Britilh 
catalogue of fixed ftars.” 

This method of arrangement occurred to Dr Her- 

fehel fo early as the year 1782 ; but lie was diverted 
from the regular purfuit of it by a variety of other af- 
tronomical engagements. After many trials, he pro- 

pofed, in the '! ranfadlions of the Royal Society of 
London for 1796, the plan which appeared to him the 
moft eligible.. It is as follows Inftead of denoting 
particular ftars by letters, he makes ufe of numbers ; and 

in his choice of the ftars which are to exprefs the lullre 
of. 
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Catalogues of any particular one, he dire&a his firft view to perfeft 
o£theStarp«egua|»ty > When two ftars fecm to be fimilar both in 

*l"Lrir ^""1 1 brightnefs and magnitude, he puts down their numbers 

together, feparated merely by a point, as 30.24 Leonis; 
but if two liars, which at firll feerned alike in their 
luflre, appeared on a longer infpe&ion to be different, 
and the preference fhould be always decidedly in favour 

of the fame liar, he feparates thefe ftars by a comma, 
thus, 41,94 Leonis. This order muft not be varied ; 
nor can three fueh ftars, as 20, 40, 39, Libras, admit 
of a different arrangement. If the ftate of the heavens 
fhould be fuch as to require a different order in thefe 
numbers, we may certainly infer that a change has ta¬ 

ken place in the luftre of one or more of them. When 
two ftars differ very little in brightnefs, but fo that the 
preference of the one to the other is indifputable, the 

numbers that exprefs them are feparated by a fhort line, 
as —70 Leonis, or 68 —17—70 Leonis. When two 

ftars differ fo much in brightnefs, that one or two 
other ftars might be interpofed between them, and ftill 
leave fufiicient room for diflin£lion, they are diftinguifh- 

ed by a line and comma, thus, —, or by two lines, as 
g2— —41 Leonis. A greater difference than this is 

denoted by a broken line, thus-29 Bootis. On 
the whole, the author obferves, the marks and diftinc- 
tions which he has adopted cannot poffibly be miftaken ; 
“ a point denoting equality of luftre ; a comma indica¬ 
ting the leaft perceptible difference; a fhort line to 

mark a decided but fmall fuperiority ; a line and com¬ 
ma, or double line, to exprefs a confiderable and linking 
excefs of brightnefs; and a broken line to mark any 
other fuperiority which is to be looked upon as of no 

ufe in eflimations that are intended for the purpofe of 

diredling changes.” 
The difficulties that attend this arrangement are not 

difguifed ; but the importance and utility of it more 
than compenfate for the labour which it muft neceffarily 

^ require. By a method of this kind, many difeoveries 
of changeable and periodical ftars might probably have 
been made, which have efcaped the moll diligent and 
accurate obfervers. We might then, as the author fug- 

gefts, be enabled to refolve a problem in which we are 

all immediately concerned. 
“Who, for inllance, would not wifh to know what 

degree of permanency we ought to aferibe to the luflre 
of our fun ? Not only the liability of our climates, but 
the very exiftence of the whole animal and vegetable 
creation itfelf, is involved in the queflion. Where can 

we hope to receive information upon this fubjedl but 

from aftronomical obfervations ? If it be allowed to ad¬ 
mit the fnnilarity of ftars with our fun as a point efta- 
blifhed, how neceffyry will it be to take notice of the 
fate of our neighhouringy««.r, in order to guels at that 
of our own ? That far, which among the multitude we 
have dignified by the name of fun, to-morrow may flovv- 
ly begin to undergo a gradual decay of brightnefs, like 
fl Leonis, « Ceti, « Draconis, t Urfae majoris, and many 
other diminishing ftars that will be mentioned in my ca¬ 
talogues. It may fuddenly increafe, like the wonderful 
flar in the back of Caffiopea’s chair, and the no lefs re¬ 
markable one in the foot of Serpentarius ; or gradually 
come on like ft Geminorum, ft Ceti, £ Sagittarii, and 
many other increafing ftars, for which I alfo refer to 
my catalogues ; and, laftly, it may turn into a periodical 

one of 25 days duration, as Algol is one of three days, 
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J Cephei of five, ft Lyra of fix, » Antinoi of feven Catalogue, 
days, and as many others as are of various periods.” of the Sran, 

Having thus explained the general principle on which 
this catalogue is formed, as we find it in the author’s 
firft memoir on the fnbje£l, we mufl refer the reader to 

the Dodlor’s own account for its particular arrange¬ 

ment; obferving only that the catalogue fubjoined com¬ 
prehends nine conftellations, which are arranged in al¬ 

phabetical order, with the comparative brightnefs of the 
ftars accurately flated. In a fubfequent paper, publifh- 

ed in the fame volume, he lias completely verified the 
utility of his method by experience, and fhewn that there 
is no permanent change of luftre in the ftars. In the 
notes to his firft catalogue he mentioned a Herculis as 
a periodical flar. By a feries of obfervations on this 
flar, compared with x Ophiuchi, which was moil con¬ 

veniently fit via ted for his purpofe, he has been able not 
only to confirm this opinion, but to afeertain its period. 

Li is obfervations are arranged in a table, by means of 
which he determines that this flar had gone through 
four fuccefiive changes in an interval of 241 days ; and 
therefore the duration of its period mufl be about 60 

days and a quarter. This fa£l concurs with other cir- 
cumftances in evincing the rotatory motion of the ftars 

on their axes. “ Dark fpots, or large portions of the 
furface, lefs luminous than the reft, turned alternately 

in certain directions, either towards or from us, will ac¬ 
count for all the phenomena of periodical changes in the 
luftre of the ftars, fo fatisfa&orily, that we certainly 
need not look out for any other caufe.” If it be al- 
ledged that the periods in the change of luflre of fome 

flars, fuch as Algol, ft Lyra, S Cephei, and » Antinoi, 
are fhort, being only 3, 5, 6, and 7 days refpe&ively ; 
while thofe of 0 Ceti, and of the changeable flar in Hy¬ 

dra, and that in the neck of the’ Swan, are long, a- 
mounting to 331, 394, and 497 days; and that we 
cannot aferibe phenomena fo different in their duration 
to the fame caufe—it may be anfwered to this objection, 
that the force of it is founded on our limited acquaint¬ 
ance with the ftate of the heavens. To the 7 flars, the 
periodical changes of which were before known, we 
may now add « Herculis, which performs a revolution 

of its changes in 60 days. 
<£ The ftep from the rotation of a Herculis to that of 

0 Ceti is far lefs confiderable than that from the period 
of Algol to the rotation of « Herculis ; and thus a link 
in the chain is now fupplied, which removes the objec¬ 
tion that arofe from the vacancy.” The rotation of 
the fifth fatellite of Saturn is proved by the change ob- 

fervable in its light ; and “ this variation of light, ow¬ 
ing to the alternate expofition of a more or lefs bright 
liemifphere of this periodical fatellite, plainly indicates 
that the fimilar phenomenon of a changeable flar arlfes 
from the various luftre of the different parts of its fur- 
face, fucceflively turned to us by its rotatory motion.” 

Befidcs, we perceive a greater fimilarity between the 
fun and the ftars, by means of the fpots that muft be 

admitted to exift on their furfaces, as well as on that of 

the fun. 
Dr Herfchel farther obferves, that the ftars, befides 

a rotatory motion on their axes, may have other move¬ 
ments ; “ fuch as nutations or changes in the inclina¬ 
tion of their axes ; which, added to bodies much flat¬ 
tened by quick rotatory motions, or furrounded by rings 

like Saturn, will eafily account for many new phenome¬ 
na 
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Cafenaria, na that may then offer themfelves to our extended views. 
Catharine. tq this paper Jg likewife fubjoined a catalogue of nine 

conlldlations ; and the author promifes to give the 

whole of them in fuccefllve fhort catalogues on the fame 
plan. * 

CATENARIA, or Catenary Curve. See En- 
cyd. and Arch in this Supplement. 

CATHARINE II. Emprefs of all the Rufilas, a&- 
ed fo confpicuous a part on the theatre of the world ; 
poffeffed fuch uncommon powers of mind, highly culti¬ 
vated by fcience and literature ; and was fuch a patron- 
efs of fcience and literature in others—that it cannot 
be deemed foreign from a work of this nature to give 

fome account of the principal events of her more pri¬ 
vate life. 

Sophia Augusta Frederica, who, upon her mar¬ 
riage to the grandfon of Peter the great, affumed the 

name Catharina Alexievna, was born at Stettin on 
the 2d of May 1729. Her father was Chriftian Au- 
guftus, prince of Anhalt Zerbft Dornburg, at that time 
niajor-general in the Pruflian fervice, commander in chief 
of the regiments of infantry, and governor of the town 
and fortrefs of Stettin. Her mother, who was born 
princefs of Holftein Eutin, was a woman of great parts 
and beauty, of nearly the fame age with the prince-royal 
of Prufiia, afterwards Frederic the Great, with whom 
(he kept up a regular correfpondence, and who after¬ 
wards contributed to the aggrandifement of her daugh¬ 
ter. This accomplifhed princefs took upon herfelf the 
care of educating the young Sophia, whom fhe brought 
up in the fimpleft manner, and would not fuffer to ex¬ 
hibit the leaft fymptoms of that pride to which fhe 
had fome propenfity from her earlieft childhood. The 

confequence of this falutary reftraint was, that good hu¬ 
mour, intelligence, and fpirit, were even then the ftri- 
king features of her youthful chara&er. Being natu¬ 
rally addi&ed to reading, to reflexion, to learning, and 
to employment, fhe was taught the French and other 
fafhionable languages ; and was inftrn&ed to read fuch 
books chiefly as might make her acquainted with hifto- 
ry and with the principles of fcience; whilft the do&rines 
of the Lutheran religion were carefully explained to her 
by a divine, who little thought how foon his illuftrious 
pupil would embrace another faith. 

The Emprefs Elizabeth, who then fwayed the fceD- 
tre of Ruflia, had in early life been promifed in marriage 
to the young prince of Holftein Eutin, brother to the 
princefs of Anhalt Zerbft ; but at the inftant when the 
marriage was about to be celebrated, the prince fell fick 
and died. Elizabeth, who loved him to excefs, became 
inconfolable, and in the bitternefs of her grief made a 
vow of celibacy. This vow, though fenfual, and even 
lafeivious, fhe kept fo far as never publicly to acknow¬ 
ledge any man as a hufband ; and upon her afeending 
the throne of her anceftors, fhe called her nephew the 
Luke of Holftein Gottorp to ker court, where he was 
folemnly proclaimed, when fourteen years of age, Grand 
Luke, with the title of Imperial Highnefs, and decla¬ 
red fucceflor to the Emprefs Elizabeth. To fecure the 
fuccefiion in the family of Peter the Great, the Emprefs 

was very defirous to have her nephew manied ; and the 
princefs of Anhalt Zerbft, not ignorant of the tender 

remembrance which fhe ftill preferved for her brother, 
conceived the idea of placing, by means of it, her daugh¬ 

ter on the throne of Ruflia. She communicated her 
Suppl. Vol. I. Part I. 
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plan to the king of Prufiia, who not only applauded it, C 
but lent her his afliftance to carry it into execution. w 

Full of ambitious hopes, therefore, the princefs re¬ 
paired with her daughter to St Peterfburg, where fhe 
was received with friendfhip by Elizabeth, and where 

the young Sophia foon made a confiderable impreflion 
on the mind of the Grand Luke. As Peter was well 

made, of a good figure, and, though uneducated, not 
deftitute of natural talents, the attachment became reci¬ 
procal ; and the princefs of Zerbft, throwing herfelf at 
the feet of the emprefs, allured her, that the two lovers 

were attached to each other by a paflion unconquerable ; 
and, calling to her mind the love which fhe had herfelf 
borne to the prince of Holftein, conjured her to pro¬ 
mote the happinefs of that prince’s niece. The ftrata- 
gem fucceeded. The choice of Elizabeth was next day 
announced to the council and to the foreign minifters ; 
and preparations were made for celebrating the mar¬ 
riage with a magnificence worthy of the heir of the 
throne of the Ruffias. In the mean time the Grand 

Luke was feized with the fmall-pox, from which, tho’ 
he recovered, it was with fuch a change of features, as 
rendered him, from being comely, almoft hideous, and 
converted the love of the young princefs of Anhalt, if 
indeed fhe ever felt for him that paflion, into horror and 

difguft. She was not, however, of a difpofition to let 
a disfigured countenance frighten her from a throne. 

She embraced the Greek religion, changed her name 
from Sophia Augufta Frederica to Catharina Alexi- 

evna, and with the entire approbation of Elizabeth 
was married to her nephew the Grand Luke. 

For fome time this ill-matched pair lived together, 
though without love, yet on terms apparently decent; 
but a mutual diflike gradually took place between them, 
which the courtiers quickly difeovered, and were at 
pains to foment into hatred. Peter was now ugly, and 

his mind was uninformed. Catharine, if not a beauty, 
was at leaft a lovely woman, and highly accomplifhed! 
She could find no entertainment in his convention, an i 
he felt himfelf degraded by her fuperiority. A faft ion 

was formed at court, headed by the great chancellor 
Beftucheff, to exclude the Grand Duke from the throne, 
and to place Catharine at the head of affairs ; and to 
accomplifh this end, every art was employed to fill the 
feeble mind of the emprefs with jealoufies of her nephew, 
and with a contempt of his chara&er. He was repre- 
fented at one time as extremely ambitious, and capable 
of the moft daring enterprifes, to get immediate poffef- 
fion of the throne ; and at another, as a wretch given 
up to drunkennefs and to every unprincely vice. 

The confequence of the firft of tliefc accufations was, 
that he was kept at a diftance from his aunt, and a 
ftranger to public affairs ; and being wholly unemploy¬ 
ed, that time which his education had not fitted him to 

fill up with reading, reflexion, and rational conven¬ 
tion, hung fo heavy on his mind, that it was no diffi¬ 
cult matter for thofe diffipated young men, who were 

placed about him for that very purpofe, to initiate him 
m the habits of drunkennefs, and the othei mean prac¬ 
tices to which it was pretended he had long been de¬ 

voted. In fuen a fchool, it was no wonder that lie be¬ 
came a proficient in grovelling diffipation ; or that, be¬ 
ing unpolifhed, and even of rude manners, he chofe for 
his companions fome of the loweft of the peooie. 

Catharine, in the mean time, languiffied*for that hap- 

^ a pinefs 
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Catharine, pinefs which (he could not find in the foclety of her 
--„-- hu(band She was fond of pleafnre ; but it was that 

comparatively refined pleafure which (he had enjoyed at 

the court of Berlin. She loved balls, mufic, and ele¬ 
gant converfation, and could take no (hare in the drunk¬ 

en revels of Peter. Among the young men with whom 
he was furrounded, his chamberlain Soltikoff was parti¬ 

cularly remarked for the elegance of his tafte and the 

graces of his perfon ; and though yet fcarcely more than 
a boy in years, he was faid to have obtained the favours 
of feveral ladies of the court. Succefs had made him 
confident and ambitious ; and his ambition prompted 
him to afoire at making a eonqueft even of the Grand 
Dichefs/ By ftudyirg her tafte, and contriving to 

amufe her, he was at iait fuccefsful; and obtained from 
her Imoerial Highncfs every favour which he could 
wifti : but he enjoyed not his fortune with moderation, 
and his enemies contrived to get him placed in an ho¬ 

nourable office at a diftance from the court. He was 
com niffioned to repair to Stockholm, with the title of 

Envoy Extraordinary, to notify to the king of Sweden 

the birth of Paul Petrovitch, of whom the Grand Duch- 

* Odt. i. efs had juft been delivered *. The prefumptuous Solti 
1754- koff, .proud of the employment, fet off with hafte to 

Sweden, and left it with equal fpeed. But fcarcely had 
he quitted Stockholm, on the wings of love and ambi¬ 
tion,'when he was ftopped on the road by a courier, 

who put into his hands an order for him to go imme¬ 
diately to Hamburg, and there to refide in the quality 

of minifter plenipotentiary from the court of Rufha. 
Catharine for fome time preferved her attachment to 

the exiled chamberlain ; but all at once the prefence of 
a ftranger, whom fortune had brought to the court o 

Ruffia, made her forget the lover whom (he no longer 
faw. This perfon was Staniflaus Poniatowfky, the late 

kino- of Poland, who ftrft made his appearance at St Pe- 
teriburg in the train of the Britifh ambaffador, and very 
quickly gained the affe&ions of the Grand Duchefs. In 
carrying on this intrigue, the lovers were not fo cau¬ 
tious as to deceive the eyes of the envious courtiers, who 

reported to the emprels not only all that they faw, but 
whatever they fufpe&ed. Elizabeth was incenfed, and 
commanded Popiatowfky to quit without delay the domi¬ 
nions of Ruffia. The accomplifhed Pole obeyed ; but 

foon returned clothed with a chara&er which made him 

in fome degree independent of the emprefs . 
The Count de Bruhl, then prime minifter to the 

king of Poland, faw of what importance it was to his 
maker to have a powerful interefl at the court of Ruf¬ 
fia. He was likewife no ftranger to the pafiion which 
the Grand Duchefs entertained for Poniatowfky ; and 
having got that nobleman decorated with the order of 
the White Eagle, he Pent him back to St Peterfburgh in 
the quality of minifter plenipotentiary from the repub¬ 

lic and king of Poland. Nor was this all that Bruhl 
did for the two lovers. Being informed by the chan¬ 
cellor Beftucheff, that the Grand Duke and Grand 
Duchefs were languifhing in a penury unworthy of their 
rank, he remitted to Poniatowfky 6coo ducats, to be 
employed, in fuch a manner as he might judge beft, for 

fecuring the favour of the prince and his confort. The 
ambaffador profited by theie counfels and benefadtions. 

He was already fure of the Grand Duchefs’s heart, and 
he very quickly gained the favour of her hufband. He 
talked Englifh and German with him ; drank, fmoked, 
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abufed the French, and extolled the king of Prufiia pathari«- 

with unlimited praife. 
The Grand Duchefs was fo blinded by her paflion, 

that fhe was never without Poniatowfky in her company. 
She devoted to him the whole of her time ; and fhe 
made this intimacy fo little a fecret, that public report 
was loud to her prejudice. In the mean time fhe was 
delivered of the Princefs Annef, who lived only fifteen t February 
months. The Grand Duke was the only perfon about *75*. 

court who feemed to know nothing of what was paffing. 
His whole time was occupied in copying, with fervile 

affe&ation, the air, the manners, the tone of the king 
of Prufiia ; and in dreffing a little army at Oranianbanm 
in the Pruffian uniform. . His eyes, however, were at 
laft opened. Some of the courtiers, from hatred to the* 
chancellor, who countenanced the intrigue between the 
Grand Duchefs and the Polifh ambaffador, roufed his 

jealoufy in order to deftroy their enemy. They fuc- 
ceeded. He forbade his wife to be feen with Ponia¬ 
towfky, and prevailed with the emprefs to deprive the 
chancellor of his office, and to banifh him to an eftate 

which he had 120 verfts beyond Mofcow. 
Catharine had now to fupport at once the averfion of 

her hufband, the indignation of the emprefs, the m- 
fulting difdain of a court, which a few days before was 
lavifh of its affiduities and fmiles; and what afflidted her 
moft of all, the dread of lofir.g for ever her favourite Po¬ 
niatowfky. Her courage, however, did not forfake her. 
Poniatowfky was indeed recalled, and left Ruffia, after 

fuffering fome deferved indignities from the Grand 
Duke, who about this time formed a conne&ion with 

one of the daughters of the Senator Vorontzoff, brother 
to the new chancellor. This lady, Elizabeth Roma¬ 
novna Vorontzoff, was elder fifter to the Princefs Dafli- 
koff, who afted fo confpicuous a part in the revolution 

which fet the crown on the head of Catharine. She 
was beautiful, but vain ; and poffeffed not either the wit 

or the underftanding of her fifter. 
In the mean time the health of the emprefs vihbly 

declining, Catharine was very defirou3 of being recon¬ 
ciled to her: but the irritated fovereign would liften to 
no accommodation, except on terms too humiliating for 

the haughty fpirit of the Grand Duchefs. Catharine, 
therefore, abfented herfelf from court, and aflted permif- 
fion to retire into Germany. This, as (he had forefeen, 
was refufed. Elizabeth was too fond of the young Paul 
Petrovitch to permit the departure of his mother, and 
thereby expofe him to the danger of being at fome fu¬ 
ture period declared illegitimate. She took the Grand 
Duchefs again into favour ; and it is thought, that had 

(he lived a little longer than (he did, (he would have ex¬ 
cluded Peter from the throne, and declared Paul her 

immediate fucceffor. 
Whilft the emprefs was meditating the aggrandiie- 

ment of the young prince and his mother, the Grand 
Duke had conceived a plan for degrading them both. 

He had refolved, at the moment his aunt (hould dole 
her eyes, to affemble his troops, to get himfelf proclaim¬ 
ed emperor, to repudiate the Grand Duchefs, to declare 
the young Paul Petrovitch illegitimate, and publicly 

to marry his miftrefs Elizabeth Romanovna Voront- 
zofF. We have fhevvn elfewhere (fee Russia, n° 72. 
EncycL) how this plan, when almoft ready to be carried 
into execution, was betrayed to Catharine, who, ever 

fince her caballing with the Chancellor Beftucheff, had 
refolyed, 
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C&thuHne. refolvcd, by fome means or other, to fnatch the fceptre 

v-' from the feeble hand of her hufbnnd. At prefent, we 
believe fhe was not acquainted with it; and though fhe 
had, (lie could not now have turned it to her advan¬ 
tage, as her party, ever fince the difgrace of BeftuchefF, 
was without a leader of any abilities. 

Amid thefe diftra&ions, caufed by the profpeft of the 
death of the emprefs, and the known hatred of the 
Grand Duke and Duchefs to each other, Count Panin, 
preceptor to the young prince, devoted himfelf entirely 
to Catharine. He wifhed to fee her poffefled of all the 
power of the empire ; but he was afraid to proeeed to 
the extremity to which fhe propofed to go, and to de¬ 
prive Peter of the name of Emperor. He contrived 
therefore to procure an apparent reconciliation between 
the Grand Duke and his confort, as well as between him 
and his aunt Elizabeth; and he had almoft perfuaded 
the filly prince not to afiume the fovereign power on 
the death of the emprefs, till he fhould be folemnly in¬ 
verted with it by a decree of the fenate. Could he ob¬ 
tain this point, he knew that the power of Peter would 
be limited, and the authority fecured to his wife and his 
fon. He was, however, difappointed. Catharine her- 
felf difapproved of this plan, and concurred with the 
real friends of herhufhand in advifing him (C to conform 
to eftahlifhed cuftom in affuming the reins of empire.” 

He had hardly received this advice when word was 
brought him that the Emprefs Elizabeth was dead (a) ; 

and the courtiers preffed in crowds about him. He 
aeeofted them with dignity, received the oaths of the 
officers of his guard, and feemed at once to have laid 
afide his weaknefs. In an hour he got on horfeback, 
traverfed the flreets of St Peterfburgh, and diftributed 
money among the multitude and the foldiers. He had 
been fo treated by his aunt, that he could not poffibly 
be grieved at her death ; but in paying the laft duties 
to her remains, he betrayed no indecent elation. The 
fir ft adlions of his reign were prudent and patriotic, and 
fueh as would have done honour to a greater prince. 
He appeared to be reconciled to his wife, in whole 
company he fpent much of his time ; he recalled from 
prifon and banifhrnent 1 7,oco perfons, fome of them of 
rank and of great talents, who had been the vi&ims of 
Elizabeth’s jealous timidity ; he permitted the nobility 
to bear arms or not at their own difcretion, freeing them 
at the fame time from the extreme fervitude under 
which they had been held by his immediate predecefi 
fors ; and he abolifhed the fecret committee, an infamous 
inquifitorial tribunal, whieh ever fince the reign of the 
father of Peter the Great had been the chief engine of 
Ruffian defpotifm. 

He negle&ed, however, one thing ; which, among 
the people over whom lie was appointed to reign, would 
have contributed more to the fecurity of his throne than 
all the v/ife and beneficent edicts which he had publifh- 

ed. He made no preparations to be crowned at Mof- 
cow. Inftead of complying with this ancient ceremony, 

and humouring the prejudices of his fuperftitious fub- 
jedls, he thought of nothing but of war with Denmark, 
and of a perfonal interview with the king of Pruffia in 

Germany. His admiration of that great monarch hur- 
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ried him indeed into the mod extravagant follies. Not Cadmnre. 

contented with giving him peace, and entering into an 

offenfive and defenfive alliance with him, he had the 
meannefs to folicit a commiffion in his army, and to ac¬ 
cept of the rank of major-general. Of this title he feem¬ 

ed more vain than of that of Emperor of all the Rnf- 
fias. He conftantly wore the Pruffian uniform ; intro¬ 
duced among his troops the Pruffian difeipline, which, 
though better than their own, was difagreeable, becaufe 
it was new, and much more becaufe it was German 5 
and he raifed his uncle, a man of no military talents, and 
a foreigner, to the dignity of generaliffimo of the Ruf¬ 
fian armies ; giving him at the fame time the particular 
command of the horfe-guards, a body of men which had 
never before been under any command but that of the 
fupreme head of the empire. Nor did his infatuated 
predilection for Germany, a country abhorred by the 
Ruffians, flop even here : He difbanded the noble guards 
which had placed Elizabeth on the throne, difmifled 
the horfe-guards from the fervice whieh they performed 

at court, and fubftituted his Holftein guards in their 

place. 
Whilft he was thus alienating from himfelf the affec¬ 

tions of the army, he contrived to difguft another or¬ 
der of men, whole attachment he fhould have laboured 
above all things to retain. He was at pains to fhew his 
preference of the Lutheran faith and worfhip to the 
do&rines and ceremonies of the Greek church ; he at¬ 
tempted to make fome alterations in the drefs of the 
monks ; he annexed great part of the poffeffions of the 
church to the domains of the crown ; and he banifhed 
the archbifhop of Novogorod, who oppofed thefe inno¬ 

vations ; and found himfelf obliged (uddenly to recal 

him. 
He had now returned to his former courfes. He 

fhut himfelf up for whole days with his miftrefs and 
drunken companions ; he compelled the nobility and 
ladies of the court to fit in company with buffoons and 
comedians ; he infulted every foreign minifter but the 
minifters of Great Britain and Pruffia ; and he made no 
fecret of his intention to repudiate the emprtfs, declare 
Paul Petrovitch illegitimate, and marry the Countefs 
Vorontzoff. Convinced, however, as it would feem, 
that lie could not be a father, he refolved to adopt 
Prince Ivan, the defeendant of the elder brother of Pe¬ 
ter the Great, whom Elizabeth had dethroned and confi¬ 
ned in prifon; to declare him his fueceffor; and to unite 
him in marriage with the young princefs of Holftein 
Beck, who was then at St Peterfburgh, and whom he 
cherifhed as his daughter. 

This inconfiftent and weak condudl of the emperor 
turned the attention of all orders of men to the em¬ 
prefs, who made it her foie employment to gain thofe 
hearts which he was lofing. Inftru&ed from her in¬ 
fancy in the arts of diffimulation, it was not difficult for 
her to affeft, in the fight of the multitude, fentiments 
the moft foreign to her mind. The pupil of the French 
philofophers put on the air of a bigot to the moft fu¬ 
perftitious ceremonies of the Greek religion, and treat¬ 

ed the minifters of that religion with the profoundeft 
reverence. And whilft her hufband was getting drunk 

A a 2 amidft 

(a) Chrifimas-day 1761 according to the Ruffian calendar, or the 5th of January 1762 according to ours. 
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am id ft a rabble of buffoons, and difgufting every perfon 
of decency who approached him, fhe kept her court 
with a mixture of dignity and affability, which attract¬ 
ed to her all who, by capacity, courage, or reputation, 
were capable of ferving her. 

CorreCt, however, as her public condudl appeared, 
her private life was not lefs l’centious than formerly. 
While yet Grand Ducheft, (he had formed a very ten¬ 
der connection with Gregory Orloff, a man of mean 
birth, and of no education, but poffcffed at once of 
perfonal beauty and the moil daring courage. He had 
an inferior commiflion in the artillery, while his two 
brothers were common foldiers in the regiments of 
guards. The intrigue which fhe carried on with him 
was known only to one of her women named Catharine 
Ivanovna; nor did Oiloff himfelf for fome time fufpe& 
the rank of the lady who fo lavifhly conferred upon him 
her favours in fecret. At laft, finding him intrepid and 
difcreet, fhe difcovered herfelf, unveiled to him all her 
ambitious defigns, and eafily prevailed with him and his 
brothers to enter with zeal into her confpiracy againft 
the emperor. Orlcff likewife gained over Bibikoff his 
friend, a Lieutenant Paffick, with other officers ; and by 
their means eafily feduced fome regiments of the guards. 
The Princefs Dafhkoff was ftrongly attached to Catha¬ 
rine, we believe, from worthy motives, and had frequent 
meetings with Orloff on the bufinefs of the confpiracy, 
without fufpeCfing that he was fo much as known to 
the emprefs. Count Panin, too, and the Hetman of 
the Kofacks,were determined to tumble Peter from the 
throne; but they were not inclined to go all the lengths 
propofed by Catharine and her two favourites. Ho¬ 
ping to enjoy the aCtual power of the empire them- 
fdves, they were for declaring Paul Petrovitch empe¬ 
ror in the room of his father, and conferring upon his 
mother the name and authority only of regent; while 
the princefs and Orloff, knowing the fentiments and 
wifhes of the emprefs, were refolved to veft her with 
fovercign power, or to perilh themfelves in the hazar¬ 
dous attempt. 

In the mean time the anniverfary of the patron faints 
of Ruffia was at hand, when Peter had determined, at 
the conclufion of the feftival, to divorce the emprefs, 
fhut her up in prifon, declare her fon illegitimate, and 
publicly marry his miftref?. As they who plan a con- 
foiracy are always more vigilant than thofe againft whom 
it is direCied, the friends of Catharine were carefully 
informed of all that pafl'ed about the emperor, whilft he 
was kept in total ignorance of their proceedings. It 
was therefore neceffary for them to unite in the fame 
plan, and to carry it quickly into execution ; for delay 
or divifions would involve them all in one common ruin. 
The emprefs contrived to bring over the Hetman en¬ 
tirely to her views ; and the Princefs Dafhkoff, by the 
facrifice, it has been Paid, of her charms, found little dif¬ 
ficulty in reconciling Count Panin to the fame meafures. 
They now agreed to feize the Tzar on his arrival at Pe- 
terhoff, an Imperial palace on the fhore of the Gulf 
of Cronftedt, where he propofed to celebrate the ap¬ 
proaching feftival ; and they were waiting impatiently 
for the moment of a&ion, when all at once their plot 
was difcovered. 

Paffick, who has been mentioned among the confpi- 
rators, had gained the foldiers of the company of guards 
in which he was a lieutenant; but one of them, who 

thought that hi3 captain was in the fecrct, afked that Catharine, 
officer one evening, When they were to take up arms 
againft the emperor ? The captain, furprifed, had re- 
courfe to diffimulation, and eafily drew from the foldier 
all that he knew of the confpiracy. It was nine o’clock 
at night. Paffick was put under arreft ; but found 
means to flip into the hands of a man who had been 
placed as a fpy over him by the Princefs Dafhkoff, a 
ferap of paper containing thefe words, “ Proceed to ex¬ 
ecution this inftant, or we are undone.” The man was 
defired to carry it to the Hetman, by whom he would 
be handlomely rewarded ; but he hurried with it to the 
princefs, who inflantly communicated the intelligence to 
the other confpirators. She herfelf put on man's appa¬ 
rel, and haftened to the place where fhe was accuftomed 
to meet Orloff and his fiiends ; where fhe found them, 
as impatient as herfelf to carry their plot into imme¬ 
diate execution. 

During this awful crifis the emprefs was at Peter- 
hoff, at the diftance of 25 verfts from St Peterfburgh ; 
and one of the brothers of Gregory Orloff, named A- 
lexius, undertook to find her out, whilft he himfelf, 
with his other brother and Bibikoff his friend, repaired 
to the barracks for the purpofe of inftru&ing the fol¬ 
diers of their party how to adl on the firft fignal. A- 
lexius Orloff carried with him a fhort note from the- 
Princefs Dafhkoff, but negle&ed to deliver it; and the 
emprefs, being fuddenly roufed from a found fleep, was 
much alarmed, when fhe faw at the fide of her bed a 
foldier of whom fhe knew nothing. Her alarm was in- 
creafed when the ftranger laid, “ Your majefty has not 
a moment to lofe ; get ready to follow me and in- 
ftantly difappeared. She rofe, however, and calling her 
woman Ivanovna, they difguifed themfelves in fuch a 
manner that they could not be known by the fentineb 
about the palace ; and the foldier returning, they hur¬ 
ried with him to a coach which was waiting at the gar¬ 
den gate. Orloff took the reins, but drove with fuch- 
fury that the horfes foon fell down ; and they were 
obliged to travel part of the way on foot. They had 
not, however, gone far, when they met a light country 
cart; and fhe who was afpiring to the throne of the 
greateft empire in the world, was glad to enter the ca¬ 
pital of that empire in this humble vehicle. 

It was feven in the morning when fhe arrived in St 
Peteifburgh : and to the foldiers, who gathered about, 
her in great numbers, fhe faid, that “ her danger had’ 
driven her to the neceffity of coming to afk their affift- 
ance ; that the Tzar had intended, that very night, to • 
put her and her fon to death; and that fhe had fo great 
confidence in their difpofitions, as to put herfelf en¬ 
tirely into their hands.” They immediately fhouted, 
“ Long live the emprefs!” And the chaplain of one of- 
the regiments fetching a crucifix, received their oaths 
of fidelity. 

The troops, however, were not unanimous in this re¬ 
volt. Though Gregory Orloff was treafurer of the ar¬ 
tillery, and well enough beloved by the foldiers, that 
corps refufed to follow him until he fhould produce the 
orders of Villebois their general: and that officer, with¬ 
held either by fidelity to the emperor or by fear, pre¬ 
fumed to (peak to Catharine of the obftacles which yet 
remained for her tofurmount; adding, that fhe ought to 
have forefeen them. She haughtily replied, that “ fhe 
had not fent for him to afk what fhe ought to have 

forefeen, 
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Catharine, forcfeen, but to know how he intended to adt.” “ To 
w—-y—- obey your Majefty,” returned Villebois ; and putting 

himfelf at the head of his regiment, he immediately join¬ 
ed the confpirators. So ripe indeed were the minds of 

all met for this revolt, that in the fpace of two hours 
the emprefs found herfelf furrounded by 2000 warriors, 
together with great part of the inhabitants of Peterf- 
bur^h : and with that numerous train of attendants fhe 
repaired to the church of Kafan, where the archbifhop 
of Novogorod, fetting the Imperial crown on her head, 
proclaimed her fovereign of all the Ruflias, declaring, 

at the fame time, Paul Petrovitch her fucceffor. 
Matters had now proceeded by much too far to ad¬ 

mit of any compromife between Catharine and her huf- 
band : but had the infatuated Tzar put his affairs whol¬ 
ly into the hands of Marfhal Munich, that intrepid ve¬ 
teran would have tumbled the emprefs from her throne 

almoft as quickly as fhe had got poffefiion of it. He 
s&ed, however, a very different part. Upon receiving 
intelligence of what had been done at St Peterfburgh, 

he afked indeed the Marfhal’s advice, but fuffered him¬ 
felf to be guided by his miftrefs and timid companions. 
Through their terrors and his own irrefolution oppor¬ 

tunities were loll which could never be recovered ; for 
thorgh his Holflein guards, with tears in their eyes, 
fwore that they were all ready to facrifice their lives in 

his fervice, and though the old Marfhal offered to lead 

them again if the rebels, faying to the emperor, “ I will 

go before you, and their fwords (hall not reach you till 
they have pierced my body,” he was perfusded to treat 
with the emprefs?, to acknowledge his milcondudl, and 
to offer to fhare with her the fovereign power. At 
lafl he was weak enough to abandon his troops, and to 
furrender at difcretion to his confort ; whole creatures 
hurried him from Oranienbaum to PeterhofF, ftripped 
him of all his clothes, and, after leaving him for fume 
time in his fhirt, a butt to the outrages of an infolent 
foldiery, threw over him an old morning-gown, and fb.nt 

him up alone, with a guard at the door of his wretched 

*Ju!y 10. apartment. On the 29th of June, O. S.* Count 
Panin was feat to him by the emprefs; and after a long 
conference, prevailed with him to wiite and lign a fo- 

lemn refignation of his crown, and a declaration of his 
utter incapacity to govern fo great an empire. 

The revolution was now complete, and Peter feemed 
to enjoy fome compofure of mind ; but in the evening 
he was carried a prifoner to Ropfcha, a fmall Imperial 
palace, at the didance of 20 verbs from Peterhoff, where 
he was murdered on the 1 7th of July, juft one week af¬ 
ter his depofition. Of the manner of his death different 
accounts have been given. By fome he is faid to have 
been poifoned ; by others, to have been flrangled by one 
of the Orloffs ; and a few have thought that he perifhed 
by the fame means as Edward II. of England. Whe¬ 
ther the emprefs w as acceflory to his death is not known; 
though it is certain, that fo far from making any in¬ 
quiry after his murderers, fhe aflcdted to believe that he 

had died naturally of the piles ! 

The firfl care of Catharine was to reward thofe who 

had been the principal adffors in the revolt* Panin was 
made prime miniiler ; the Orloffs received the title off 
Count ; and the favourite Gregoiy was appointed lieu¬ 

tenant-general of the Ruffian armies, and knight of the 
order of St Alexander Nefsky, the fecond order of the 

empire. Several officers of the guards were promoted,. 

of whom 24. received confiderable effates ; and among Catharine, 

the foldiers, whom fhe treated with the greatefl affabi- 

lity, brandy and beer were liberally diftributed. The 
Chancellor Beftucheff, who had been the mod inveterate 

enemy of Peter, was recalled from his exile, reftored to 
his rank of field-marfhal, and had an annual penfion fet* 
tied upon him of 20.000 rubles. To the friends of the 
emperor fhe behaved with great moderation. Prince 

George, whom he had conflicted Duke of Courland, 
was indeed obliged to renounce his title ; but the ad- 

miniflration of Holflein was committed to him, and lie 
ever after ferved the emprefs with zeal and fidelity. 

The news of the revolution was foon fpread over 
Europe ; and none of the fovereigns, though they knew 
by what fteps Catharine had mounted the throne, hefi- 
tated for a moment to acknowledge her title. She was 
not, however, at perfect eafe in her own mind ; nor was 
her right recognifed by all her fubjeffts. Though fhe 
publifhed manifefioes, fetting forth the intentions of the 
late emperor towards her and her fon, which made re- 

fiftance neceffary ; though in thefe papers fhe attribu¬ 
ted her elevation to the vvifhes of her people and the 
providence of God ; and though fhe called upon all w ho 
were fincerely attached to the orthodox faith of the 
Greek church, to confider the fudden death of Peter as 
the judgment of heaven in favour of the revolution—yet 
in the diftant provinces no exultations were heard ; both 
foldiers and peafants obferved a gloomy filence. Even 
at Mofcow, fo great was the difaffefftion to Catharine’s 

government, that it was fome time before fhe could ven¬ 
ture to go to that city to be crowned ; and fhe found 

in it at laft fo cold a reception, that fhe very quickly 

returned to St Peterfburgh. 
Nor was this the only caufe of her uneafinefs. The 

connexion between Orloff and her became vifible, and 

gave juft offence to her other friends. The princefs of 
Dafhkoff firfl perceived it ; and when fhe prefumed to 
expollulate with tlie emprefs on the meannefs and im¬ 
prudence of her paflion, fhe was banifhed from the 

court to Mofcow. Count Panin and the Hetman faw 
with indignation that they had dethroned the grandfon 

of Peter the Great, to aggrandife a rude and low-born 
upflart. Cabals and confpiracies were entered into by 

high and low, both againft Catharine and againil her 
favourite ; and it required all her abilities and firmnefs > 
to preferve at once her throne and her lover. On one 
occafion fhe hoped to obtain from the Princefs Dafh¬ 
koff fufficient proof that Panin and the Hetman or the 
Kofacks were concerned in a plot which had jut! been 
difeovered ; and with this view fhe wrote to tier a letter 
of four pages, filled .with the moil tender epithets and 
the moft magnificent prornifts,C( njuring her in the name 
of their long Handing fffendfhip, to reveal»what fhe 
knew of the lecent confpiracies. With becoming- mag- 

namity, the princefs replied, “ Madam, I have heard 
nothing;.but if I had heard any thing, I fhouki eke 
good care how I fpoke of it. What is it you require 

of me ? That I fhould expire upon a fcaffold ? 1 am 
ready to mount it.” 

Catharine, cefpairing of conquering fuch a foirit, at¬ 
tempted to attach to her thofe whom fhe dared n t to- 

punifh. Some of the inferior confpirators were b miff¬ 
ed to Siberia, while Panin and the Hetman, whom fhe 

moll dreaded, received additional marks of her favour. 

In the mean time, to gain the affe&ions of the people. 
au 
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Catharine, at large, fhc paid the utmoft attention to the admnnftra* 

<■—~v-tion of juftice ; formed magnificent eftablifhments for 
the education of the youth of both fexes ; founded hof- 
pitals for orphans, for the fiek, and for lying-in women; 
invited foreigners of all nations, poffefied of any merit, 

to fettle in different parts of her vail territories; increa- 
fed the naval force of the empire ; and gave fuch en- 
couragement to the cultivation of every elegant and ufe- 

ful ait, that in the fhort fpacc of a year and a half from 
her acceffion to the throne, the national improvement of 

Ruffia was vifible. 
In the good fortune and glory of Catharine, no one 

rejoiced more fincerely than Count Poniatowfky. He 
approached towards the confines of Ruflia, and wrote 
to her in the tendered: ftyle of congratulation, requeft- 
ing* permiflion to pay his refpe&s to her in the capital 
of her empire. It is not improbable that he flattered 
himfelf with the hopes that die would give him her 
hand in marriage, and thus raife him to the throne of 
the Tzars ; but die had promifed to the Emprefs Eli¬ 

zabeth, tint fhe woul^d never again fee the count; and 
to that promife fhe at prefent adhered. She wrote to 
him, however, in the mod affe&ionate terms ; and tho’ 
jhe gave him no encouragement to repair to St Peterf 

burgh, fhe affured him that fhe had other profpe&s in 
view for hi? aggrandisement, and that he might depend 
upon her perpetual friend (hip : and fhe focn appeared 

to be ? good as her word. On the death of Augudus 
III. fh railed her former favourite to the throne of 
Poland; in oppofition to the wifhes of the courts of 
Vienna and Verfailles, as well as of a great majority of 
the Pol fh nobles. She defeated the intrigues of the 
two foreign courts by more fkilfully conduced intrigues 
of her own ; and by pouring her armies inu> the re¬ 
public, fhe fo completely overawed the nuncios, that 
Poniatowfky was chofen by the unanimous fuffrages of 
the diet which met for the ele&ion of a fovereign ; and, 
on the 7th of September 1764, was proclaimed King 
of Poland and Grand Duke of Lithuania, by the name 

of Staniflaus Auguflus. 
Whilft file was thus difpofing of foreign kingdoms, 

Hie was kept under perpetual dread of being tumbled 
from the throne of her own vaft empire. Her want 

of title to that throne was now feen by all ranks of her 
fubje&s : the good qualities of Peter the third were 
remembered, and his failings and faults forgotten. His 

fate was univerfally lamented ; and, except the confpi- 

ratore, who may be faid to have embrued their hands 
in his blood, there was hardly a Ruffian who did not 
regret that the fovereignty had pafled from the ancient 
family of the Tzars to a foreigner, allied only by mar- 

riage to the blood royal. Even the confpirators them- 
felves had loft much of their regard for Catharine. 
The priucefs of Dafhkoff was a fecond time banifhed 
to Mofcow ; and, to magnify her own importance, fhe 
fpoke freely of the means by which the emprefs, whom 
file accufed of ingratitude, had been raifed to the throne. 
The inhabitants of Mofcow, who never favoured the 
ufurpation, were thus made ripe for a revolt. At St 
Peterfburgh, Count Panin felt himfelf uneafy under the 
predominant influence of the favourite, and tried in vain 
to divert Catharine’s affe&ions to a new objedl. She 
received a few fecret vifits from a handfome young man, 
and then appointed him to a lucrative and honourable 

employment in feme diftant province of the empire; 

when Orloff recovered his former afeendeney, which Catharine* 
through his own careleftnefs he had nearly loft. In 
this ftate of the public mind, confpiraciee were very 
frequent; and as the general objedb of them was to 
place on the throne Prince Ivan, who was again Ian- 
guifhing in the dungeon from which Peter had taken 
him, the emprefs had given to his guard an order, fign- 
ed by her own hand, to put that unfortunate prince to 
death, fhould any attempt be made to liberate him from 

his prifon. An attempt was made by a very inferior 
officer, as fome have fuppofed, by the inftru&ions of 
Catharine, and her bloody order was inftantly obeyed. 
The aflaffins were rewarded, and promoted in the ar¬ 
my; but the officer who attempted to refeue the prince 
was condemned to death, and fuffered unexpe&edly the 

fentence of the law. The brothers and lifters of Ivan, 
who had been kept in a prifon different from his, were 
fent to Denmark ; and, to provide them with necef- 
faries fuitable to their rank, the emprefs made them a 
prefent of 200,000 rubles, and paid annually, to the 
maintenance of their dignity, a penlion of thirty thou- 

fand. 
The throne of Catharine was now firmly eftablifhed, 

by the death or renunciation of every perfon who was 
descended of the imperial family; and (he had leifure 
to turn her thoughts to the aggrandifement of the em¬ 
pire. It was foon feen that this was the objedl which 
fhe had in view when fhe raifed Count Poniatowfky to 
the throne of Poland, and that fhe was not actuated on 
that occafion by any remains of her former attachment. 
We have elfewhere fhewn (fee Poland, Encycl. n° 98 
— 115) under what pretences fhe invaded the kingdom 
of him who had formerly been one of her moft favour¬ 
ed lovers, and by what means fhe annexed great part 

of it to the territories of Ruflia. But it is not through 
her wars that in this article we mean to trace her cha¬ 
racter ; It is not as a fovereign and heroine that her 
life is entitled to a place in a general repolitory of arts, 
fciences, and mifcellaneous literature, but as a patronels 

of art and of fcience, and as the legiflatrix of a vaft em¬ 
pire, who employed all her talents and all her power 
for the civilization of a great part of the human race. 

Under the article Russia [Encycl.), we have men¬ 

tioned the famous code of laws for a great empire, and 
the propofed convention of deputies from all the claffes, 
which Catharine and the Princefs Dafhkoff fo artfully 

employed as means to bring about the revolution which, 
feated the former on the throne. The ftates actually 
met in the ancient capital of the empire, and the fove- 

reign’s inftru&ions for framing a new code of laws was 
read amidft reiterated burfts of applaufe. All prefent 

extolled the fagacity, the wifdom, the humanity of the 
emprefs ; but fear and flattery had a greater fhare in 
thele exclamations than any juft knowledge of the fub- 
je£L The deputies of the Samoides alone had the 
courage to fpeak freely. One of them ftood up, and, 
in the name of himfelf and his brethren, faid, “ We are 
a Ample and honeft people. We quietly tend our rein¬ 
deer. We are in no want of a new code; but make 
laws for the Ruffians,.our neighbours, that may put a 
flop to their depredations.” The following fittings 

did not pafs fo quietly. A debate about the liberation 
of the boors was carried on with fuch warmth, that fa¬ 
tal confequences were to be apprehended ; and the de¬ 

puties were difmiffed to their refpe&ive provinces in 

V 



CAT .[19 
Catharine, the manner which we have elfewhere related. Previ- 

*—Y 1 1 ous, however, to the difTolution of this affembly, the 
members were required to fignalize the meeting by 
fome confpicuous a& of gratitude ; and, by a general 

acclamation, the titles of Great, Wise, Prudent, 

and Mother of the Country, were decreed to the 

emprefs. With affumed modefty fhe accepted only of the 
laft, “ as the moft benign and glorious recompence for 

her labours and folicitudes in behalf of a people whom 

fhe loved.” 
For that people fhe did indeed labour, and labour 

moft ufefully. She introduced into the adminiftration 
of juftice the greateft reformation of which the half ci¬ 
vilized date of RufTia would perhaps admit. She fpa- 
red neither trouble nor expencc to diffufe over the em¬ 

pire the light of feience, and the benefits of ufeful and 
elegant arts ; and fhe protected, as far as fhe could, the 
poor from the oppreffions of the rich. About the 
middle of »767, fhe conceived the idea of fending feve- 
ral learned men to travel through the interior of her 
vaft dominions, to determine the geographical pofition 

of the principal places, to mark their temperature, and 
to examine into the nature of their foil, their vegetable 
and mineral productions, and the manners of the peo¬ 
ple by whom they were inhabited. To this employ¬ 
ment fhe appointed Pallas, Gmelin, Euler, and many 
others of the higheft eminence in the republic of letters ; 
from whofe journals of thefe interefting travels large 

additions have been made to the general flock of ufe¬ 
ful knowledge. This furvey of the empire, and the 
maps made from it, had Catharine done nothing elfe, 
would alone have been fufficient to render her name im¬ 
mortal. Well convinced in her own mind, that it is 
not fo much by the power of arms, as by precedence 
in fcience, that nations obtain a confpicuous place in 
the annals of the world, with a laudable zeal fhe en¬ 
couraged artifts and fcholars of all denominations.. She 
granted new privileges to the two academies of fciences 
and the arts ; encouraged fuch of the youth as had be¬ 
haved well in thefe national inftitntes, to travel for far¬ 
ther improvement over Europe, by bellowing upon them, 
for three years, large penfions to defray their expcnce ; 
and, to remove as much as poffible the Ruffian pre¬ 

judice againfl all kinds of learning, fhe granted patents of 
nobility to thofe who, during their education, had con¬ 
duced themfelves with propriety, and become profi¬ 
cients in any branch of ufeful or elegant knowledge. 
Still farther to encourage the fine arts in her domi¬ 
nions, fhe sffigned an annual fum of 5000 rubles for 
the tranflation of foreign literary works into the Ruffian 

language. 
In the year 176S, the fmall-pox raged at St Peterf- 

burgh, and proved fatal to vail numbers of all ranks 
and of every age. The emprefs was defirous to intro¬ 
duce the praCice of inoculation among her fubjeCs ; 
and refolved to fet the example by having herfelf and 
her fon inoculated, With this view, fhe applied for a 

phyfician from England: and Dr Thomas Dimfdale of 
Hertford being recommended to her, he repaired with 

his fon to the capital of Ruffia, where he inoculated 
firft the emprefs, then the grand duke, and afterwards 
many of the nobility. The experiment proving fuc- 

cefsful, he was created a baron of the empire, appoint¬ 
ed aCual counfellor of ftate, and phyfician to her impe¬ 

rial majefty, with a penfion of L. 500 fterling a-year, to 
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be paid him in England, befides L. 10,000 which he im- Catharine. 

mediately received. So popular was the emo-eis at 

this period, that, by a decree of the fenate, the arni- 
verfary of her recovery from the fmall pox was enjoin¬ 

ed to be celebrated as a religious feftival; and ir has 

ever fince been obferved as fuch. 
She was now engaged in war with the Turks of 

which a fufficient account for a work of this nature has 
been given under the title Turkey (Encyci)\ but 

there was one tranfa&ion of her and her friends,, of 
which no mention was made in that article, though it is 

of importance to him who would form a juft eitimate 

of her perfonal chara&er 
We have noticed the fenfuality of the emprefs Eliza¬ 

beth. She bore three children to the grand veneur 
Alexey Gregorievitch Razumofffky, to whom, indeed, 

ffie is faid to have been clandeftinely married. Of thefe 
children the youngeft was a girl, brought up under the 
name of Princefs Tarrakanoff. Prince Radzivil, who 
has been mentioned in the article Poland f Encycl.), 

irritated at Catharine’s cruelties to his countrymen, 

conceived the proje& of placing the young princefs on 
the throne of her anceftors ; and, having, gained over 
the peifons to whom her education was intrufted, he 

carried her off to Rome as a place of fafety. Catha¬ 
rine, in return, feized his large eftates ; and he and the 
princefs were reduced to extreme poverty. Radzivil 
repaired to Poland in order to learn what could be done 
to forward his great enterprife ; and fcarcely had he ar¬ 

rived there when an offer was made to reflore to him his 
poffeffions, upon condition of his carrying his ward to 
St Peterfburgh. This he refnfed : but had the bafe- 

nefs to promile, that he would give himfelf no farther 
concern about the daughter of Elizabeth ; and he was 

put in poffeffion of all his eftates. 
By the inftru&ions of the emprefs, Alexius Orloff, 

who nominally commanded the Ruffian fleet at the Dar¬ 

danelles, repaired to Rome, got accefs to young Tar¬ 
rakanoff, and found means to perfuade her that all Ruf¬ 

fia was ready to revolt from Catharine, and place her 
on the throne of her mother. To convince her of his 
fincerity, he pretended to feel for her the tendereft and 

moft refpe&ful paffion ; and the unfufpicious lady was 
induced to accept of him as a hufband. The ruffian 
who had affaffinated the grandfon of Peter the Great, 
did not hefitate to feduce and betray his grand daughter. 
Under pretence of having the marriage ceremony per¬ 
formed according to the rites of the Greek church, he 
fuborned fome fubaltern villains to perfonate priefts and 
lawyers ; thus combining profanation with impoflure 
againfl the unprote&ed and too confident Tarrakanoff. 

Having been treated for fome days, both at Rome 
and at Leghorn, with all the refpeft due to a fovereign, 
the unfufpe£ling princefs expreffed a wifh to go on 
board a Ruffian fhip of war. This was juft what Or¬ 

loff wanted. Attended by a numerous and obfequiou3 
train, fhe was rowed from the fhore in a boat with mag¬ 
nificent enfigris, hoifted upon the deck of the fhip in 

a fplendid chair, and immediately handcuffed. In vain 
did fhe throw herfelf at the feet of her pretended huf¬ 

band, and conjure him by every thing tender which 
had paffed between them. Site was carried down into 

the hold ; the next day the veffel failed for St Peterf¬ 
burgh ; where, upon her arrival, the princefs was fhut 

up in the fortrefs; and what became of her fince was 
never 
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Catharine, never known. Such were the means which Catharine 

.V',—y fcrupled not to employ in order to get rid of all pre¬ 
tenders to her throne. 

Soon after5 this fervice rendered to her by Alexiu3 
Orloff, (he difmiffed his brother Gregory from her fa¬ 
vour, and connedled herrelf with Vaffiltchikoff, a fub- 

lieutenant of the guard?. The former favourite had 
indeed become infolent, and, as Catharine thought, 
ungrateful. He afpired to nothing lefs than the throne. 

From love to himfelf, and to a fon which fhe had born 
to him, flie offered to enter into a fecret marriage ; but 
with this propofal the proud prince (a) was not fatis- 
fied, and hoped that his refufal would impel her to re¬ 
ceive him publicly as her hufband and partner in power. 
He was miftaken. She divefted him of all his employ¬ 

ments; but gave him a penfion of 150,000 rubles, a 
handfome fervice of plate, and an eftate with 6000 pea- 
fants upon it; and, thus enriched, he fet out upon a 
purney through various parts of Europe. He return¬ 

ed, however, much fooner than was expended ; the new 
favourite was handfomely rewarded, and fent to a dif- 

tance ; Orloff was reftored to all his offices, and his 
baleful influence was again felt. 

He attempted to perfuade the emprefs to difmifs 
Panin from the court ; but the grand duke interpofed 
in behalf of his old preceptor ; and, for once, Catharine 
liftened to the entreaties of her fon. When a dreadful 
rebellion, under a Kofak of the name of Pugetfhoff, 
who pretended to be Peter III. efcaped from his af- 

faffins, was (baking the throne to its foundation—the 
influence of Orloff was fuch as to prevent the emprefs, 
for fome time, from employing her ableft general againft; 

the rebels, becaufe that general was Panin, brother to 
the mini Her. Danger, however, at laft prevailed over 
the favourite : Panin was fent againft Pugetfhoff; the 

rebellion was crufhed ; and Catharine found teifure to 
give fomething like a legal conftitution to the empire. In 
that work, the laws and regulations eftablifhed for the go¬ 
vernment of the various provinces, and for the equitable 
admin iflration of juflice through the whole of her vafl do¬ 

minions, evinces the greatefl wifdom and fagacity in their 
author, as welt as a proper regard to the practicable li¬ 

berties and rights of men. In the capital, fhe eftablifh¬ 
ed the mod perfect police, by which the internal tran- 
quillity of a great city was, perhaps, ever maintained ; 

and whilft her private conduct was far from correct, fhe 
was acting in the capacity of fovereign, fo as to de- 

ferve, indeed, the appellation of Mother of her people. 
To follow her through all her wars and intrigues 

with foreign court3, would fwell this article to the fize 

of a volume. Such a narrative, too. belongs rather to 
the hiftory of Ruffia than to the memoirs of Catharine; 
in which it is the bufinefs of the biographer to deve¬ 
lop the private character of the woman, rather than to 

detail the exploits of the fovereign. Her partition of 
Poland, and afterwards the annihilation of it as an in¬ 
dependent republic ; her encroachments on the territo¬ 
ries of the grand fignior ; her formation of the armed 
neutrality; the influence which fhe maintained over the 
courts of Sweden and Denmark ; and the art with 
which fhe threw the weight of Ruffia fometimes into 
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the fcale of Auftria, and fometimes into that of Pruflia, Catharine, 
juft as the interefls of her own dominions required the 
one or the other to preponderate—(hew how admirably 
flie was qualified to guide the helm of a great empire 
in all its tranfa&ions with foreign dates. We fpeak 
not of the equity of her proceedings; for it mtift be 
confeffed, that equity formed no barrier againft her am¬ 
bition ; and that fhe never failed to fubjugate thofe 
whom fhe pretended to take under her protection. Her 
ruling paffion was to enlarge her own territories, al¬ 
ready fo very extenfive ; and, for the attainment of that 
objeff, fhe contrived the moft judicious plans, which 
fhe executed with vigour. In this part of her condinff, 
however, fhe has been equalled by other monarchs; but 
in the zeal and the wifdom with which fhe endeavoured 
to introduce among her half-favage fubjeeffs the blef- 
fings of knowledge and induftry, fhe ftands unrivalled, 
except, perhaps, by her predeceffor Peter the Great. 
Of this we need bring no other proof, in addition to 
what has been already ftated, than that fhe founded in 
St Peterfburgh atone thirty-one feminaries, where 6800 
children of both fexes were educated at the annual ex¬ 
pence to the government of 754,335 rubles. She fu- 
perintended herfelf the education of her grandchildren, 
and wrote for them books of inftru&ion. If it be true, 
that “ every man acquainted with the common principles 
of human action, will look with veneration On the wri¬ 
ter who is at one time combating Locke, and at another 
making a catechifm for children in their fourth year 
with what veneration fhould we look upon the emprefs 
of Ruffia, could, we forget the means by which fhe ob¬ 
tained that elevation from which fhe frequently defeend- 
ed for a fimilar employment: This fhe did, not for her 
own defendants alone, but alfo for the children of 
others ; of whom fhe had always a great number in her 
apartments, who fhared in the inftru&ion given to her 
grandchildren, and whofe careffes fhe returned with ex¬ 
treme complaifance. 

Her greateft weaknefs was furely that grofs paffion 
which her panegyrifts have dignified with the name of 
love ; but to fuch an appellation it had no claim, if 
love be any thing more than a fexual appetite. Befides 
Gregory Orloff, fhe had not fewer than ten favourites 
after the death of her hufband ; and of thefe fhe feems 
to have felt a refined affe&ion for none but Lanfkoi, a 
young Pole of a very ancient family, and of elegant 
manners, and the famous Potemkin, to whom fhe 18 
faid fecretly to have given her hand, and who prefer- 
ved her friendfhip, if not her affedlion, to the end of 
his life. To Lanfkoi, whofe education had been much 
negledfed, fhe condefcended to become preceptrix ; and, 
as he made great progrefs in the acquifition of ufeful 
knowledge, fhe admired in him her own creation. Po¬ 
temkin, though not amiable, deferved her favour for 
the fidelity and abilities with which he ferved her, both 
in the council and in the field ; and in him, when fhe 
had ceafed to took on him with the eyes of love, fhe 
refpe&ed the intriguing politician and intrepid com¬ 
mander, who had formed plans for driving the Turks 
out of Europe, and fetting her on the throne of By¬ 
zantium. Pier other favourites had nothing to recom¬ 

mend 

(a) She had fome time before obtained for him a patent, creating him a prince of the Roman empire,. 
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Catharine, mend them but mafculine beauty and corporeal ftrength. behind her the 

One of them, however, thought it neceffary to have a 
library In the grand hotife, of which the emprefs, upon 

receiving him into favour, had made him a prefent; and 
defired the principal bookfeller to fill his (helves. The' 
man afked him what books he would pleafe to have* 

<{ You underfland that better than I (replied the fa¬ 
vourite) ; that is your bufmefs. You know the pro¬ 
per affortments ; I have deftined a large room to receive 
them. Let there be large books at the bottom, and 
frnaller and fmaller up to the top ; that is the way they 

(land in the emprefs’s library !” In the convcrfation 
of fuch men the cultivated mind of Catharine could en¬ 

joy no interchange of fentiments. 
We know not whether that more than Afiatic mag¬ 

nificence, which fhe difplayed on every public occafion, 

fhould be confidered as an mftance of weaknefs or of 
wifdom. If fhe delighted in balls, and inafquerades, 
and fumptuous entertainments, and drefs loaded with 
jewels, and every kind of fplendid ornament, for their 
own fakes, fhe betrayed a weaknefs unworthy of that 
fovereign who held in her hand the balance of Europe, 
and at whofe nod the greateft powers of Afia trembled: 
but if fhe introduced fuch fplendor into her court mere¬ 

ly to divert the attention of the Ruffians from the means 
by which fhe got poffeffion of the throne, and to ween 
them from their own favage and flovenly manners ; even 
this may perhaps be confidered as one of her mod maf- 

terly ftrokes in politics. 
Her ambition was boundlefs ; but, if fuch a phrafe 

may be allowed, it was not always true ambition. When 
the French republic had eftablifhed itfelf on the ruins of 
monarchy, and was propagating new theories of govern¬ 
ment through all Europe, true ambition would furely 
have led the autocratrix of the north to unite her forces 
with thofe of the coalefced powers, in order to crufh 

the horrid hydra, before its anarchical principles could 
be introduced among her own barbarous fubjeds. Such 
would certainly have been the advice of her favourite 
Potemkin, who longed to lead a Ruffian army into 

France, even before the murder of the unfortunate 
Lewis. That general, however, had died in October 
1791 ; and when Britain, Auftria, and Pruffia, were 
leagued againft the new republic, Catharine looked 
coolly on, in hopes, it is probable, of availing herfelf of 
their weaknefs, when exhaufled by a long and bloody 
war. She gave refuge, indeed, in her dominions to many 
emigrants from France, and fent a fquaaron of fhips to. 
co-operate with the navy of England : blit in this laft 
meafure fhe regarded merely her own immediate inte- 
reft ; for her crazy fhips were repaired by Britifh car¬ 
penters at the expence of the Britifh government, and 
her officers had an opportunity of learning the evolu¬ 
tions of the Britifh navy. She had likewife other prof- 
pe&s in view when fhe lent to the allies this (lender aid. 

She meditated a new war with Turkey ; and, depend¬ 
ing upon meeting with no oppofition, if fhe fhould not 

receive affiftance from England and Auftria, fhe flatter¬ 
ed herfelf with accomplifhing her darling projeCt of 

driving the Ottomans out of Europe, and of reigning 
in Conftantinople. But fhe was difappointed. On the 

morning of the 9th of November 1796, fhe was feized 
with what her principal phyfician judged a fit of apo¬ 

plexy ; and, at 10 o’clock in the evening of the follow¬ 

ing day, expired, in the 68th year of her age, leaving 
Suppl. Vol. I. Part I. 
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character of one of the greateft fove- 

reigns that ever fwayed a fceptre. 

After this long detail of the incidents of her life, it 
is needlefs to inform the reader that Catharine IT. had 

no religion, and, of courfe, no principles of morality, 
which could induce her in every inftanee to do to others 
as fhe would have them do to her. She was a profeffed 

difciple of the French philofophers ; by fome of whom 
fhe was ridiculed, and by others cheated. The incenfe 
which fhe paid to the genius of Voltaire did not hinder 
him from frequently breaking his jefts upon the auto¬ 
cratrix of Ruffia and her fucceffive favourites; and Di¬ 
derot, whom fire carefled, fold to her ail immenfe li¬ 
brary, when he pofTefTed hardly a book, and was obli¬ 

ged to ranfack Germany and France for volumes to 
enable him to fulfil his bargain. Such is the friendfhip, 
and fuch the gratitude, which fubfifts among the ami¬ 

able pupils of nature, and the philanthropic advocates 
for the rights of man. 

CAUDA Capricornl, a fixed ftarof the fourth mag¬ 
nitude, in the tail of Capricorn ; called alfo, by the 
Arabs, Dlneb Algedi ; and y by Bayer. 

Cauda Cetl, a fixed ftar of the third magnitude ; 
called alfo, by the Arabs, Dined Kaetos ; marked j3 by 
Bayer. 

Cauda Cygni, a fixed ftar of the fecond magnitude, 

in the Swan’s tail ; called by the Arabs Dlneb Adigege, 
or Eldegiaglch ; and marked a by Bayer. 

Cauda Delphini, a fixed ftar of the third magnitude, 
in the tail of the Dolphin ; marked £ by Bayer. 

Cauda Draconis, or Dragon’s tail, the moon’s fouth- 
ern or defending node. 

Cauda Leonis, a fixed ftar of the firft magnitude, in 
the Lion’s tail ; called alfo, by the Arabs, Dlneb Ele- 

ced; and marked by Bayer. It is called alfo Lucidz 
Cauda. 

Cauda Urfa Majoris, a fixed ftar of the third mag¬ 
nitude, in the tip of the Great Bear’s tail; called alfo, 

by the Arabs, Alalioth, and Benenath ; and marked y, by 
Bayer. 

Cauda Urfa Minoris, a fixed ftar of the third mag¬ 

nitude, at the end of the Lefter Bear’s tail ; called alto 
the Pole Star, and, by the Arabs, Alrukabab ; and 
marked a by Bayer. 

CAUSE has been defined, we think, with accuracy 
in the Encyclopaedia, and the doCtrine dated which we 
believe to be true. Objections however have been made* 
to that dodrine, of which we have endeavoured to re¬ 
move fome, under the title Action, in this Supple¬ 
ment ; and the dodrine itfelf has been well illuftrated 
(at lead fuch is our opinion) in the fupplementary ar¬ 

ticle Astronomy. We have, therefore, very little to 
add here on the fnbjed of caufes, though it is the mod 
important fubjed which can employ the mind of man. 
What is the relation between a phyfical caufe and that 

which is termed its effect—between heat, for inftanee, 
and the fufion of metals ? Is it a neccjfary connection, or 

only a conjunction, difeovered by experience to be con- 
ft ant P 

If by neceffary connedion be meant that kind of con¬ 
nection of wl^ich the contrary cannot be conceived, we 

do not think that the connection of any phyfical caufe 
with its effeCt can be called neceffary. We fee no dif¬ 

ficulty in conceiving, that fire, inftead of fufing gold, 

might fix mercury.. This may indeed be impotable 5 

P b and 
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Caufe, and we might perhaps fee the impoffibility, did we as 
Cemer. completely know the nature of fire and of metals, as we 

v know the relations of pure geometry. We know that 

the three angles of a plain triangle cannot polhbly be 
either greater or lefs than two right angles ; for in this 

comparifon nothing is hid from our mental view. e 
do not, however, perceive the impoffibility of mercury 

being fixed, as clay is hardened, by heat ; for ot beat, 
and mercury, and clay, we know very little, and that 

little is the offspring of experience. 
13ut if the connexion between caufe and effect be not 

neccjary, are we not deprived of the means of demonftra- 
ting the great fundamental truth of religion ? We have 
nowhere faid, that the conneftion between caufe and 

effeft is not neceffary ; but only, that we do not per¬ 
ceive the neceffary connexion between'what are called 

phyjlcal caufes and their effefts. That every event is, 

and mull be, brought about by fame caufe or fome agen¬ 

cy, we hold to be a felf evident truth, which no man 
can deny who underftands the terms in which it is ex- 

preffed ; but what or where the agency is, we can very 
feldom, if ever, know, except when we think of our own 
voluntary aftions. When a change is obferved, we can¬ 

not doubt of its being produced by fomethmg : either 
the thing changed is animated, and has produced the 

change by its own agency, juft as we move our heads 
and legs by an aft of volition ; or if it be inanimated, 

and of itfelf incapable of agency, the change has been 
produced by fomething external, denominated a caufe. 

But all external caufes, which are not likewife agents, in 

the proper fenfe of the word, may be traced, we dunk, 
as effefts up to fome agency; and therefore, in our 
opinion, there is no real, ultimate, efficrent caufe but 

mind, or that which is endued with power. In proof 
of this doftrine, if it need any proof, we can only refer 
to what has been faid elfewhere on our notions of power 
and of phyjlcal caufes. See (Encycl.) Metaphysics 

n° 109, Sec.—Philosophy and Physics, pajftm—and 

ISuppL) Action and Astronomy. 

CENTER, or Centre, a word borrowed from the 

Center. 

Definition. Frenchnaine ’eintre or eintre, given to the frame of tim¬ 
ber, by which the brick or (tone of arched vaulting is 
fupported during its erection, and from which it re¬ 

ceives its form and curvature. 
PurDofe of It is not our intention to dtferibe the variety of con- 

thi. article. ftruftions which may be adopted in eafy fixations, 
where the arches are of fmall extent, and where iutti- 

cient foundation can be had in every part of it for fup- 
porting the frame. In fuch cafes, the frequency of the 
props which we can fet up difpenfes with much care ; 

and a frame of very flight timbers, conne&ed together 

in an ordinary way, will fuffice for carrying the weight, 
and for keeping it in exadt (hape. But when the arches 
have a wide fpan, and confequently a very great weight, 
and when we cannot fet up intermediate pillars, either 

for want of a foundation in the foft bottom of a river, 
or becaufe the arch is turned between two lofty piers, 
as in the dome of a (lately cathedral—we are then obli¬ 
ged to red every thing on the piers themfelves ; and the 
framing which is to fupport our arch before the key- 

done is fet, mud itfelf be an arch, depending on the 
mutual abutment of its beams. One (hould think that 
this view of the conftru&ion of a centre would offer it¬ 

felf at the firfl, naturally derived from the eredion it 

was to affift; but it has not been fo. When intermedi- 
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ate pillars were not employed, it was ufual to frame the 
mould for the arch with little attention to any thing but 

its fliape, and then to crofs it and recrofs it in all direc¬ 
tions with other pieces of timber, till it was thought fo 
bound together that it could be lifted in any pofuion, 
and, when loaded with any weight, could not change 

its (hape. The frame was then raifed in a lump, like 
any folid body of the fame fliape, and fet in its place. 
This is the way dill pra&ifed by many country artifls, 
who, having no clear principles to guide them, do not 

flop till they have made a load of timber almod equal 

to the weight which it is to carry. 
But this artlefs method, befides leading the employer 

into great ex pence, is frequently fatal to the under taker* 

from the unfkilfulnefs of the condrudlion. The beams 
which conned its extremities are made alfo to fupport 

the middle by means of polls which red on them. They 
are therefore expofed to a tranfverfe or crofs drain,, 

which they are not able to bear. Their number mud 
therefore be increafed, and this increafes the load. Some 
of thefe crofs drains are derived from beams which are 
prefled very obliquely, and therefore exert a prodigious 
thrud on their fupports. The beams are alfo greatly 
weakened by the mortifes which are cut in them to re¬ 

ceive the tenons of the eroding beams : and thus the 
whole is exceedingly weak, in proportion to what the 
fame quantity of timber may be made by a proper dif- 

pofition of its parts. ... 3 
The principles from which we are to derive this dif- General 

pofition are the general mechanical principles of carpen- principles 

try, of which we have given fome account in that ar-°£^nftrt| 
tide. Thefe furnifh one general rule : When we would 
give the utmod flrength pofiible to a frame of carpen¬ 

try, every piece {hould be fo difpofed that it is. fubjedt 
to no drain but what either puflies or draws it in the 

dire&ion of its length : and, if we would be indebted 
to timber alone for the force or drength of the centre, 
we mud red all on the flrft of thefe drains ; for when 

the draining force tends to draw a beam out of its 
place, it mud be held there by a mortife and tenon, 
which pofleffes but a very trifling force, or by iron 
Araps and bolts. Cafes occur where it may be very 
difficult to make every drain a thrud, and the bed art- 

ids admit of ties ; and indeed where we can admit a 
tie-beam connecting the two feet of our frame, we need 

feek -no better fecurity. But this may fometimes be 
very inconvenient. WBen it is the arch of a bridge that 

.we are to fupport, fuch a tie-beam would totally flop 

the paffage of fmall craft up and down the river. It 
would often be in the water, and thus expofed to the 
mod fatal accidents by frefhes, &c. Interrupted ties, 
therefore, mud be employed, whole joint or meetings 

muft be fupported by fomething analogous to the king- 

pods of roofs. When this is judicioufly done, the fe- 

curity is abundantly good. But great judgment.is ne- 
ceflary, and a very fcrupulous attention to the difpofi- 
tion of the pieces. It is by no means an eafy matter 
to difeern whether a beam, which makes a part of our 
centre, is in a date of compreflion or in a date of ex- 
tenfion. In fome works of the mod eminent carpen¬ 

ters even of this day, we fee pieces confidered as ftruts 
(and conflderable dependence had on them in this ca¬ 
pacity), while they are certainly performing the office 

of tie-beams, and (hould be fecured accordingly. This 

was the cafe in the bolded centre (we think) that has 
been 
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Center, been executed in Europe, that of the bridge of Orleans, 

by Mr Hupeau. Yet it is evidently of great confe-. 
quence not to be miftaken in this point ; for when we 

are miftaken, and the piece is ftretched which we ima¬ 
gine to be compreffed, we not only are deprived of fome 

fupport that we expected, but the expeded fupport has 
become an additional load. 

rT 4 vr To afcertain this point, we may fuppofe the piers 

tino-uifh a to yield a little to the preliure or the archltones on the 
ftrut from a centre frames. The feet, therefore, fly outwards, and 
dcr the fhape is altered by the finking of the crown. We 

muff draw our frame anew for this new (late of things, 
and mult notice what pieces mull be made longer than 

before. All fuch pieces have been ading the part of 

tie-beams. 
But a centre has ftill another office to fullain *, it 

mult keep the arch in its form ; that is, while the load 
on the centre is continually increaflng, as the mafons 
lay on more courfes of arch ftones, the frame mull not 
yield and go out of lhapc, finking under the weight on 
the haunches, and riling in the crown, which is not yet 
carrying any load. The frame mull not be fupple ; and 
mull derive its lliffnefs, not from the clofenefs and 

llrength of its joints, which are quite inlignificant when 
fet in competition with fuch immenfe llrains, but from 
flruts or ties, properly difpofed, which hinder any of 

the angles from changing its amplitude. 
2 It is obvious, from all that has been faid, that the 

How to fe- llrength and flifFnefa of the whole mull be found in the 
cure ft iff- triangles into which this frame of carpentry may be re- 
nefs and f0]Ved. We have feen that the llrains which one piece 

s ' produces on two others, with which it meets in one 
point, depends on the angles of their interfedion ; and 
that it is greater as an obtufe angle is more obtufe, or 
an acute angle more acute. And this fuggefts to us 
the general maxim, “ to avoid as much as poffible all 
very obtufe angles.” Acute angles, which are not ne- 

ceffarily accompanied by obtufe ones, are not fo hurtful; 
becaufe the flrain here can never exceed the draining 

force ; whereas, in the cafe of an obtufe angle, it may 
fmpafs it in any degree. 

Such are the general rules on this fubjed. Although 
fomething of the mutual abutment of timbers, and the 
fupport derived from it, has been long perceived, and 
employed by the carpenters in roofing, and alfo (doubt- 
lefs) in the forming of centres, yet it is a matter of hi- 
ftorical fad, that no general and diftind views had been 
taken of it till about the beginning of this century, or a 
little earlier. Fontana has preferved the figure of the 
frames on which the arches of St Peter’s at Rome were 
turned. The one employed for the dome is conftrud- 
cd with very little Hull; and thofe for the arches of the 
nave and tranfepts, though incomparably fuperior, and 
of confiderable fimplicity and llrength, are yet far infe¬ 
rior to others which have been employed in later times. 

It is much to be regretted that no trace remains of the 

forms employed by the great archited and confummate 
mechanician Sir Chriflopher Wren. We fhould doubt- 
lefs have feen iri them every thing that fcience and great 

fagacity could fuggeft. We are told, indeed, that his 

centering for the dome of St Paul’s was a wonder of its 
kind ; begun in the air at the height of 16o feet from 

the ground, and without making ufe of even a projed- 
ing corniche whereon to reft it. 

The earlieft theory of the kind that we have met 

with, that is propofed on fcientific principles, and with Center* t 
the expreis purpofe of ferving as a leffon, are two cen- £ 

tres by Mr Pitot of the Academy of Sciences, about the The earlieft 
beginning of this century. As they have confiderable theory, on 
merit (greatly referribling thofe employed by Michael fcientific 

Angelo in the nave of St Peter’s), and afford fome good Princll3 e8» 

maxims, we {hall give a (hort account of them. We 
cr^ive the excufe of the artills if we Ihould employ their 
terms of art fomewhat aukwardly, not being very fami¬ 

liarly acquainted with them. Indeed, we obferve very 

great differences, and even ambiguity, in the terms em¬ 

ployed. 
What we (hall deferibe under the name of a centre is 

(properly fpeakiug) only one frame, trufs, or rib, of a 

centre. They are fet up in vertical planes, parallel to 
each other, at the diftance of 5, 6, 7, or 8 feet, like 
the truffes or main couples of a roof. Bridging joills 
are laid acrofs them.—In fmaller works thefe are laid 

fparingly, but of confiderable fcantling, and are board¬ 
ed over ; but for great arches, a bridging joill is laid for 
every courfe of archllones, with blockings between to 
keep them at their proper diftances. The ftones are 
not laid immediately on thefe joifts, but beams of foft 
wood are laid along each joift, on which the Hone is 
laid. Thefe beams are afterwards cut out with the 
chiffel, in order to feparate the centre from the ring of 

ftones, which mull now fupport each other by their mu¬ 
tual abutment. 7 

The centre is dillinguilhable into two parts, ALLB llluftrated. 

(fig. 1.) ar.d LDL, which are pretty independent of plate XIV. 
each other, or at leaft ad feparateiy. The horizontal 

Stretcher LL cuts the femicircle ADD half way be¬ 
tween the fpring and the crown of the arch ; the arches 
AL, LD, being 450 each. This ftretcher is divided in 
the fame proportion in the points G and H ; that is, 

GH is one half of LL, and LG, HL are each one- 
fourth of LL nearly. Each end is fupported by two 
Struts El, GI, which reft below on a Sole or Bed 

properly fupported. The interval between the heads ol 
the llruts GI, HK is filled up by the Straining Beam 

GH, abutting in a proper manner on the llruts (fee 

Carpentry, Supplement). The extremities L, L, are 
united in like manner by butting joints, with the heads 
of the outer llruts. The Arch Moulds AP, BP, are 
conneded with the llruts by crofs pieces PQ^ which we 
lhall call Bridles, which come inwards 011 each fide of 
the llruts (being double), and are bolted to them. This 
may be called the lower part of the frame. The upper 
part confills of the king poll DR, fupported on each 
fide by the two llruts or braces ML, ON, mortifed into 
the poll, and alfo mottifed into the ftretcher, at the 
points L, N, where it is fupported by the Itruts below. 
The arches LD, LD are conneded with the llruts by 
the bridles PQ^in the fame manner as below. $ 

There is a great propriety in many parts of this ar- Propriety 
rangement. The lower parts or haunches of the archof this ar- 

preis very lightly on the centres. Each archftone is ly-ranSenunt9 

ing on an inclined plane, and tends to Hide down only 

with its relative weight; that is, its weight is to its 
tendency to Hide down the joint as radius to the fine of 
elevation of the joint. Now it is only by this tendency 
to Hide down the joint that they prefs on the centering, 

which in every part of the arch is perpendicular to the 

joint: But the preffure on the joint, arifing from this 

caufe, is much lefs than this, by reafon of the fridion of 

B b 2 the 
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Center. the joints. A block of dry free Hone will net Aide down 

w~v'~— ?.t all ; arid therefore will not prefs on the centering, if 

the joint be not elevated 35 degrees at leaft. But the 

archllones are not laid in this manner, by Aiding them 

down along the joint, but are laid on the centres, and 

Aide down their Aope, till they touch the blocks on 

which they are to red ; fo that, i:i laying the arch- 

Aones, we are by no means allowed to make the great 

deduction from their weight juft now mentioned, and 

which Mr Couplet preferibes (Mem. Acad. Sciences, 

1729). But there is another caufe which diminifties 

the preAure on the centres ; e?,ch block Aides down the 

planks on which it is laid, and prefies on the block be¬ 

low it, in the direction of the tangent to the arch. This 

p’-efture is tranfmitted through this block, in the fame 

direction, to the next, and through it to the third, &c. 

In this manner it is plain that, as the arch advances, 

there is a tangential preflfure on the lower archllones, 

which diminilhes their preflfure on the fratne^ and, if 

fufficiently great, might even pufti them away from it. 

Mr Couplet has given an analyfis of this preflfure, and 

Thews, that in a femicircular arch of uniform thicknefs 

none of the arch Aones beto^ 30° prefs on the frames. 

But he (without faying fo) calculates on the fnppofi- 

4ion that the blocks defcend along the circumference of 

this frame in the fame manner as if it were perfectly 

fmooth. As this is far from being the cafe, and as the 

obflru&ions are to the laft degree various and irregular, 

it is quite ufelefs to inftitute any calculation on the fub- 

je&. A little refle&ion will convince the reader, that 

in this cafe the obftru&ion arifing from fii&ion mvjl^ be 

taken into account, and that it muji not be taken into 

account in eftimating the preflfure of each fucceffive 

courfe of Aones as they are laid. It is enough that we 

fee that the preflfure of the lower courfes of archllones 

on the frame is diminifned. Mr Couplet fays, that the 

whole preflfure of a femicircular arch is but -J-ths of its 

weight ; but it is much greater, for the reafon juft now 

£y /centre given. We have tried, with a well made wooden mo¬ 

ot M. Pi- del (of which the circumference was rubbed with black 

lead to render it more Aippery), whether any part of the 

wooden blocks reprefenting the 2rchftones w ere detach¬ 

ed from the frame by the tangential preflfure of the fu- 

perior blocks ; but we could not fay confidently that 

any were fo detached. We perceived that all kept hold 

of a thin Aip of Chinefe paper (alfo rubbed with black 

lead) between them and the frame, fo that a fenfiblc 

force was reouired to ouil it out. From a combination 

of circumftances, which would be tedious to relate, we 

believe that the centres carry more than two thirds of 

the weight of the arch befoie the keyftone is fet. In 

elliptical and lower pitched circular arches, the propor¬ 

tion is ft ill greater. 

It feems reafonable enough, therefore, to difpofe the 

framing in the manner propofed by Pitot, directing the 

main fupport to the upper mafs of the arch, which 

preftes moft on the frame. We ftiall derive another ad¬ 

vantage from this conit ru&ion, which has not occurred 

to Mr Pitot. 

There is an evident propriety in the manner in which 

he has diftributed the fupports of the upper part. The 

ft ruts which carry the king pofl fpring from thofe points 

of the ftretcher where it refts on the ftruts below : thus 

the ftretchey, on which all depends, bears no tranfverfe 

strains. It is Aretched by the ftrut above it, and it is 

tot’s. 
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comprefted in a fmall degree between the ftruts below Center, 

it, at leaft by the outer ones. Mr Pitot propofes the —~"v—J 
Araining beam GH as a lateral fupport to the ftretcher, 

which may therefore be of two pieces : but although it 

does augment its ftrength, it does not feem neccftary for it. 

The ftretcher is abundantly carried by the it rap, which 

may and fhould fufpend it from the king pofl. The 

great ufe of the llraining piece is to give a Arm abut¬ 

ment to the inner ftruts, without allowing any lateral 

{train on the ftretcher. N. B. Great care muft he ta¬ 

ken to make the hold fufficiently Arm and extenfive be¬ 

tween the ftretcher and the upper ftruts, fo that its co¬ 

ll e lion to re Aft the thrufls from thefe ftruts may be much 

employed. 

The only imperfe&ion that we find in this frame is 

the lateral {trains which are brought upon the upper 

ftruts by the bridles, which certainly trarfmit to them 

part of the weight of the archllones on the curves. 

The fpace between the curves and ML ftiould alfo have 

been trufled. Mr Pitot's form is, however, extremely 

ft iff; and the caufing the middle bridle to reach down 

to the ftretcher, feems to fecure the upper ftruts from 

all rifle of bending. 

This centre gives a very diftin£t view of the offices 

of all the parts, and makes therefore a proper introduc¬ 

tion to the general fubje&. It is the fimplefl that can 

be in its principle, becaufe all the efiential parts are fub- 

je&ed to one kind of (train. The ftretcher LL is the 

only exception, and its extenfion is rather a collateral 

circumftance than a ftep in the general fupport. ip 

The examination of the ftrength of the frame is ex-The 

tremely eafy. Mr Pitot gives it for an arch of 60 feetf^.g ^ame 

fpan, and fuppofes the archllones 7 feet long, which is 

a monftrous thicknefs for fo fmall an arch ; 4 feet is an 

abundant allowance, but we ftiall abide by his conitruc- 

tion. He gives the following fcantlings of the parts : 

The ring or circumference confifts of pieces of oak. 

12 inches broad and 6 thick. 

The ftretcher LL is 1 2 inches fquare. 

The (training piece GH is alfo 12 by 12. 

The lower ftruts 10 by 8. 

The king pofl 12 by 12. 

The upper ftruts 10 by 6. 

The bridles 20 by 8. 

Thefe dimenfions are French, which is about 

larger than ours, and the fuperficial dimenfions (by 

which the feaion and the abfolute ftrength is meafured) 

is almoft £th larger than ours. The cubic foot, by 

which the ftones are meafured, exceeds ours nearly fth. 

The pound is deficient about ^th. But fince very 

nice calculation is neither eafy nor neceflary on this fnb- 

je&, it is needlefs to depart from the French meafures, 

which would occafion many fractional parts and a trou- 

blefome reduction. 
The arch is fuppofed to be built of (tone which 

weighed 160 pounds per foot. Mr Pitot, by a compu¬ 

tation (in which he has committed a miftake), fays, 

that only ijtlis of this weight is carried by the frame. 

We believe, however, that this is nearer the truth than 

Mr Couplet’s aftumption of f ths already mentioned. 

Mr Pitot farther a (Tames, that a fquare inch of found 

oak will carry 8640 pounds. By his language we 

fhould imagine that it will not carry much more : but 

this is very far below the ftrength of any Britifh oak 

that we have tried; fo far, indeed, that we rather ima¬ 
gine 
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<rine that lie means that this load may be laid on it 
perfect fecurity for any time. But to compenfate for 
knots and other accidental imperfections, he affumes 

7 200 as the meafure of its abfolute force. 
He computes the load on each frame to be 707520 

pounds,which he reduces to or 555908 pounds. 
The abfolute force of each of the lower ftruts is 

576000 (at 7200 per inch), and that of the curves 
518400. Mr Pitot, confidering that the curves are 
kept from bending outwards by the arch hones which 

prefs on them, thinks that they may be confiderqd as 

ndting precifely as the outer ftruts EL We have no 

Objection to this fuppofition. 
With thefe data we may compute the load which the 

lower trufs can fafely bear by the rule delivered in the 
article Carpentry. We therefore proceed as fol¬ 

lows : 
Meafure off by a fcale of equal parts as, at, each 

576000, and add tv 518400. Complete the paralle¬ 
logram avxs, and draw the vertical xc, meeting the 
horizontal line a C in c. Make cb equal to co. . Join 
xb, and complete the parallelogram ax by. It is evi¬ 

dent that the diagonal xy will represent the load which 
thefe pieces can carry; for-the line a v is the united 
force of the curve AP and the ftrut IE, and a s is the 
ftrength of IG. Thefe two are equivalent to ax. 
x b is, in like manner, equivalent to the fupport on the 

other fide, and xy is the load which will juft balance 

the two fupports a x and b x. 
When xy is meafured on the fame fcale, it will be 

found = 28 50000 pound Si This is more than five 
times the load which actually lies on the frame. It is 
therefore vaftly flronger than is neceffary. Half of 
each of the linear dimenfions would have been quite fuf. 
ficient, and the ftruts needed only to be 5 inches by 4. 
Even this would have carried twice the weight, and. 
would have borne the load really laid on it with perfect 

fafety. 
We proceed to meafure the ftrength of the upper 

part. The force of each ftrut is 432000, and that of 
the curve is 5 \ 8400 ; therefore, having drawn Mv pa¬ 

rallel to the ftrut ON, make M v = 432000, and M s 
~ 432COO 4- 518400. Complete the parallelogram 

Mjru Draw the horizontal line rh, cutting the ver¬ 

tical MC in h, and make ky r= ML It is plain, from 
what was done for the lower part, that Mj win mea¬ 
fure the load which can be carried by the upper part. 
This will be found rr 1 160000. This is alfo greatly 
fuperior to the load ; but not in fo great a pioportion 
as the other part. The chief part of the load lies on 
the upper part ; but the chief reafon of the difference is 
the greater obliquity of the upper ftruts. This fhort- 
ens the diagonal My of the parallelogram of forces. Mr 
Pitot fhould have adverted to this ; and in (lead of ma¬ 
king the upper ftruts more fleuder than the lower, he 

fiiould have made them ftouter. 
The ftrain on the ftretcher EL is not calculated, It 

is meafmed by r k\ when My is the load actually ly- 
ing on the upper pait. Lefs than the fixth part of the 

cohefion of the-ftretcher is more than Efficient for the. 
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with horizontal thruft ; and there is no difficulty of making Center. 

the foot joints of the ftruts abundantly ftrong for the v r—"* 

purpofe. 
The reader will perceive that the computation juft- 

now given does not ftate the proportions of the drains 

actually exerted on the different pieces, but the load on 
the whole, on the fuppofition that each piece is fubjeft- 

ed to :t ftrain proportioned to its ftrength. The other 

calculation is much more complicated, but is not necef¬ 

fary here. 
This centre has a very palpable defetft. If the piers 

fhould yield to the load, and the feet of the centre fly* 
out, the lower part will exert-a very confiderable ftrain 
on the ftretcher, tending to break it acrofs between N- 

and L, and on the other fide. HKF of the lower part 
is firmly bound together, and cannot change its fhape, 

and will therefore a& like a lever, turning round the 
point F. It will draw the ftrut HK away from its a- 
butment with GH, and the ftretcher will be drained 

acrofs at the place between H and F, where it is bolt¬ 
ed with the bridle. This may be refilled in fome de¬ 
gree by an iron ftrap uniting ON and HK; but there 
will ftill be a want of proportional ftrength. Indeed, 
in an arch of fuch height (a femicircle), there is but 

little rilk of this yielding of the piers ; but it is an im¬ 

perfection. 12 
The centre (fig. 2.) is conftru&ed on the fame prin-a centre 

ciple precifely for an elliptical arch (a). The calcula-on the fame 

tion of its ftrength is nearly the fame alfo; only theP^f^® 
two upper ftruts of a fide being parallel* the parallelo- arcjJ 

gram M/rti (of fig. 1.) is not needed, and in its dead 
we meafure off on ON a line to repiefent twice its 

ftrength. This comes in place of Mr'of fig. 1.—N. B. 
The calculation proceeds on the fuppofition that the 

fhort {training piece MM makes bat one firm body v/ith 
the king pod. Mr Pitot employed this piece (we pre¬ 
fume) to feparate the heads of the ftruts, that their ob¬ 
liquity might be leffened thereby: and this is a good 
thought ; for v/hen the angle formed by the ftruts 0:1 
each fide is very open, the ftrain on them becomes very * 

great. 
The ftretcher of this frame is fcarfed in the middle. 

Suppofe- this joint to yield a little, there is a danger 
of the lower iirut ON lofing its hold, and ceafing to 
join in the fupport : for when the crown finks by the 
lengthening of the ftretcher, the triangle ORN of ng. 2. 
will be more diiloited than the fpace above it, and ON 
will be toofened. But this will not be the cafe when 
the finking of the crown arifes from the mere com* 
predion of the ftruts. Nor will it happen at all in 

the centre, fig. 1. On the contrary, the ftrut ON 
will abutt more firmly by the yielding of the foot of 

ML. 
The figure of this arch of Mr Pitot’s confifts of three 

arches of circles, each of 60 degrees. As it is elegant, 

it will not be unacceptable to the artift to have a con- 
ftnidtion for this purpofe. 

Make BY ” CD, and CZ = 4CY. Defcribe tbeHow tv 
femicircle ZiEY, and make ZS = ZoE. S ia the centre cohftrudl’t 

of the fide arches, each of 60 degrees. The centre- P ofiuck an 

the. 
at ch. • 

(a) It is the middle arch of the bridge at Lille Adam, of which Mr Pitot had the dire&ion. It is of 80 

feet fpan,- and rifes 51 feet- 
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Center, the arch, which unites thefe two, is at the angle of an 

equilateral triangle STS. 
This conftruftion of Mr Pitot’s makes a handfome 

oval, and very near an ellipfis, but lies a little without 
it. We fhall add another of our own, which coincides 

with the ellipfe in eight points, and furnifhes the artift, 
by the way, a rule for drawing an infinite variety of 

ovals. 
Let AB, DE (fig. 2. N° 2.) be the axes of an el¬ 

lipfe, C the centre, and F, f the two foci. Make C b 
= CD, and deferibe a circle AD^f palling through 

the three given points A, D, and b. It may be de- 
mondrated, that if from any point P of the arch AD 
be drawn a chord PD, and if a line PRr be drawn, 

making the angle DPR = PDC, and meeting the two 
axes in the points R and r, then R and r will be the 

centres of circles, which will form a quarter APD of 

an oval, which has AB and DE for its two axes. 
We want an oval which fhall coincide as milch as 

pofiible with an ellipfis ? The mofl likely method for 
this is to find the very point P where the ellipfis cuts 
the circle AD be. The eafieft way for the artifl is to 
deferibe an arch of a circle a m, having AB for its ra¬ 

dius, and the remote focus/ for its centre. Then fet 
one foot of the compaffes on any point P, and try whe¬ 

ther the diflance PF from the neared focus F is exaft- 
ly equal to its diflance P m from that circle. Shifting 

the foot of the compaffes from one point of the arch to 
another, will foon difeover the point. This being found, 

draw PD, make the angle DP r = PD r, and R and r 

are the centres wanted. Then make Cf = CR, and 

we get the centres for the other fide. 
The geometer will not relifh this mechanical conflruc- 

tion. He may therefore proceed as follows: DrawDJ 
parallel to AB, cutting the circle in d. Draw e d, cut¬ 
ting AC in N. Draw CG parallel to Ae, and make the 

angle CG i = AD*. Bifed CN in O, and join O 1. 
Make OM, OM' = O i, and draw MP, MT perpen¬ 
dicular to AB. Thefe ordinates will cut the circle 

AT>be in the points P and F, where it is cut by the 
ellipfe. We leave the demondration as a geometrical 

exercife for the dilettante. 
We faid, that this centering of Mr Pitot’s refembled 

nave of in principle the one employed by Michael Angelo for 
>eter’s, t^e nave ancj tranfepts of St Peter’s church at Rome. 

Fontana, who has preferred this, aferibes the conduc¬ 
tion of it to one of the name of San Gallo. A fketch 

of it is given in ,fig. 3. It is, however, fo much fupe- 
rior, and fo different in principle, from that employed 

for the cupola, that we cannot think it the invention of 

tin; fame perfon. It is, like Pitot’s, not only divifible, 

but really divided into two parts, of which the upper 
carries by much the greateft part of the load. The 
pieces are judicioufly diipofed, and every important beam 
is amply fecured againil all tranfverfe ftraius. Its only 
fault is a great profufion of ftrength. The innermod 
polygon aghb is quite fuperfluous, becaufe no drain 
can force in the flruts which red on the angles. Should 
the piers yield outwards, this polygon will be loofe, and 
can do no fervice. Nor is the triangle gib of any ufe, 
if the king-pod above it be drapped to the tie-beam and 
draining fill. Perhaps the inventor confidered the king- 
pod as a pillar, and wifhed to fecure the tie-beam againd 
its crofs drain. This centering, however, mud be al¬ 

lowed to be very well compofed ; and we expert that 

14 
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the well-informed reader will join us in preferring it to Center. 
Mr Pitot’s, both for fimplicity of principle, for feienti- 
fic propriety, and for drength. 

There is one confiderable advantage which may be de¬ 
rived from the a&ual divifion of the trnfs into two parts. 
If the tie-beam LL, indead of reding on the dretcher 

EF, had reded on a row of chocks formed like double 
wedges, placed above each other, head to point, the up¬ 
per part of the centering might be druck independent 

of the lower, and this might be done gradually, begin¬ 

ning at the outer ends of the dretcher. By this proce¬ 
dure, the joints of the arch-dones will clofe on the 
haunches, and will almod relieve the lower centering, 
fo that all can be pulled out together. Thus may the 
arch fettle and consolidate in perfect fafety, without any 

chance of breaking the bond of the mortar in an)* part ; 
an accident which frequently happens in great arches. 
This procedure is peculiarly advifable for low pitched or 
elliptical arches. But this will be more cleaily feen af¬ 

terwards, when we treat of the internal movements of 
an arch of mafonry. 

This may fuffice for an account of the more fimple 
condru&ion of truffed centres; and we proceed to fuch 

as have a much greater complication of principle. We 
fhall take for examples fome condru&ed by Mr Perro- 
net, a very celebrated French architect. 

Mr Perronet’s general maxim of condru&ion is to Perroned* 
make the trufs confid of feveral courfes of feparate truf-maxim of 

fes, independent (as he thinks) of each other, and thusT^ruc" 

to employ the joint fupport of them all. In this con- 
ftru&ion it is not intended to make ufe of one trufs, or 

part of one trufs, to fupport another, as in the former 
fet, and as is pra&ifed in the roofs of St Paul’s church. 
Covent Garden, and in Drury Lane theatre. Each 

trufs fpans over the whole didance of the piers, and 
would Hand alone (having, however, a tottering equili¬ 
brium). It confids of a number of druts, fet end to 
end, and forming a polygon. Thefe truffes are fo ar¬ 

ranged, that the angles of one are in the middle of the 
fides of the next, as when a polygon is inferibed in a 
circle, and another (of the fame number of Tides) is cir- 
cumfcribed by lines which'touch the circle in the angles 
of the inferibed polygon. By this condruCtion the 
angles of the alternate truffes lie in lines pointing to¬ 

wards the centre of the curve. King-pods are there¬ 
fore placed in this direction between the adjoining beams 

of the truffes. Thefe king-pods confid of two beams, 
one On each fide of the trufs, and embrace the trufs- 

beams between them, meeting in the middle of their 
thicknefs. The abutting beams are mortifed, half into 
each half of the pod. '1 he other beam, which makes 

the bafe of the triangle, paffes through the pod, and a 
drong bolt is driven through the joint, and fecured by 
a key or a nut. In this manner is the whole united ; 

and it isexpe&ed, that when the load is laid on the up- 
permod trufs, it will all butt together, forcing down the 
king-pods, and therefore preffing them* on the beams of 

all the inferior truffes, caufmg them alfo to abntt on each 
other, and thus bear a diare of the load. Mr Perronet 
does not affume the invention to himfelf; but fays that 

it was invented and praCtifed by Mr Manfard de Sa- 
gonne at the great bridge of Moulins. It is much more 
ancient, and is the work of the celebrated phyfician and 
architect. Ferrault; as may be feen in the collection of 

machines and inventions of that gentleman publifhed af¬ 
ter 
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Center, ter his death, and alfo in the great colle&ion of inven- 

-\-" tions approved of by the Academy of Sciences. It is 

this which we propofe to examine. 
16 Fig 4. reprefents the centering employed for the 

Centering bridge of Cravant. The arches are elliptical, of 60 feet 

forltheCd *Pan and 20 **eet r^e* ^he arc^onts are ^our feet 
bridge of thick, and weigh 176 pounds per foot. The trufs- 
Cravant, beams were from 15 to i 8 feet long, and their fe&ion 

was 9 inches by 8. Each half of the king polls was 

about 7 feet long, and its fedlion 9 inches by 8. The 
whole was of oak. The five truffes were 54 feet afun- 
der. The whole weight of the arch was 1350000 lbs. 
which we may call 600 tons (it is 558). This is about 

112 tons for each trufs. We mull allow near 90 tons 

of this really to prefs the trufs. A great part of this 
prelfure is borne by the four beams which make the feet 

of the trufs, coupled in pairs on each fide. The diago¬ 
nal of the parallelogram of forces drawn for thefe beams 

is, to one of the iides, in the proportion of 360 to 285. 

Therefore fay, as 360 to 285 *, fo is 90 to 7*4 tons, the 
thrull on each foot. The fe&ion of each is 144 inches. 
We may with the utmoll fafety lay three tons on every 

inch for ever. This amounts to 432 tons, which.is more 
than fix times the ftrain really prefiing the foot beams 
in the dire&ion, of their length ; nay, the upper trufs 

alone is able to carry much more than its load. The 
abfolute ftrength of its foot-beam is 216 tons. It is 
much more advantageoufly placed ; for the diagonal of 
the parallelogram of forces correfponding to its pofition is 

to the fide as 438 to 285. This gives 58^ tons for the 
ftrain on each foot; which is not much above the fourth 
part of what it is able to carry for ever. No doubt can 
therefore be entertained of the fuperabundant ftrength 

of this centering. We fee that the upper row of ftruts 
is quite fufficient, and all that is wanted is to procure 
ftiffnefs for it ; for it mull be carefully kept in mind, 
that this upper row is not like an equilibrated arch. It 

will be very unequally loaded as the work advances. 
The haunches of the frame will be preffed down, and 

the joints at the crown raifed up. This muft be re¬ 

filled. 
Here then we may gather, by the way, a ufeful lef- 

fon. Let the outer row of ftruts be appropriated to 

the carriage of the load, and let the reft be employed 
for giving ftiffnefs. For this purpofe let the outer row 
have abundant ‘ftrength. The advantages of this me¬ 
thod are confiderable. The pofition of the beams of 
the exterior row is more advantageous, when (as in this 
example) the whole is made to reft on a narrow foot ; 
for this obliges us to make the laft angle, at leaft of the 
lower row, more open, which increafes the ftrain on 
the llrut ; befides, it is next to impoftible to diftribute 
the comprefting thruft s among the different rows of the 
trufs beams ; and a beam which, during one period of 
the mafon work, is acting th£ part of a ftrut, in another 

period is bearing no ftrain but its own weight, and in 

another it is ftretched as a tie. A third advantage is, 
that, in a cafe like this, where all refts on a narrow foot, 

and the lower row of beams are bearing a great part of 

the thruft, the horizontal thruft on the pier is very great, 

and may pufh it afide. This is the mofl ruinous acci- 
r dent that can happen. An inch or two of yielding will 

caufe the crown of the arch to fink prodigioufly, and 

will inftantly derange all the bearings of the abutting 

beams: but when the lower beams already aft as ties, 

and are quite adequate to their office, we render the Center- 

frame perfeftly ftiff or unchangeable in its form, and v-"—- 

take away the horizontal thruft from the piers entirely. 
This advantage is the more valuable, becaufe the very 
circumftance which obliges us to reft all on a narrow 

foot, places this foot on the very top of the pier, and 

makes the horizontal thruft the more dangerous. 
But, to proceed in our examination of the centering 

of Cravant bridge, let us fuppofe that the king pofts 

are removed, and that the beams are joined by compafs 
joints. If the pier fhall yield in the fmalleft degree, 

both rows of ftruts muft fink ; and fince the angles (at 
leaft the outeripoft) of the lower row are more open 
than thofe of the upper row, the crown of the lower 
row will fink more than that of the upper. 

The angles of the alternate rows muft therefore fepa- 
rate a little. Now reftore the king polls ; they pre¬ 
vent this feparation. Therefore they are Jlretched ; 
therefore the beams of the lower row are alfo ftretched; 
confequently they no longer butt on their mortifes, and 

muft be held in their places by bolts. Thus it appears 
that, in this kind of fagging, the original diftribution of 
the load among the different rows of beams is changed, 

and the upper row becomes loaded beyond our expecta¬ 
tion. 

If the fagging of the whole trufs proceed only from 
the Gomprefiion of the timbers, the cafe is different, and 
we may preferve the original diftribution of mutual abut¬ 

ment more accurately. But in this cafe the ftiffnefs of 

the frame arifes chiefly from crofs ftrains. Suppofe that 

the frame is loaded with archftones on each fide up to 
the pofts HC, hc\ the angles E and e are preffed 
down, and the beams EOF, e 0 F pufh up the point F. 

This cannot rife without bending the beams EOF, eo F; 
becaufe O and 0 are held down by the double king pofts, 
which grafp the beams between them. There is there¬ 
fore a crofs ftrain on the beams. Obferve alfo, that the 

tiiangle EHF does not preferve its fhape by the con- 
neftion of its joints ; for although the ftrut beams are 
mortifed into the king poll, they are in very (hallow 

mortifes, rather for fteadying them than for holding 
them together. Mr Perronet did not even pin them, 
thinking that their abutment was very great. The tri¬ 

angle is kept in fhape by the bafe EF, which is firmly 
bolted into the middle poft at O. Had thefe interfec- 
tions not been ftrongly bolted, we imagine that the cen¬ 
tres of fome of Mr Perronet’s bridges would have yield¬ 
ed much more thau they did ; yet fome of them yield¬ 
ed to a degree that our artifts would have thought very 
dangerous. Mr Perronet was obliged to load the crown 

of the centering with very great weights, increafing 
them as the work advanced, to prevent the frames from 
going out of fhape: in one arch of 120 feet he laid on 

45 tons. Notwithftanding this imperfe&fon, which is 
perhaps unavoidable, this mode of framing is undoubt¬ 

edly very judicious, and perhaps the beft which can be 
employed without depending on iron-work. 

Fig. 5. reprefents another, conftruCled by Perronet For the 

for an arch of 90 feet fpan and 28 feet rife. The truf-bri<ige °f 

fes were 7 feet apart, and the arch was 44 thick ; fo thatNogeEt> 
the unreduced load on each frame was very nearly 235 

tons. The fcantling of the ftruts was 15 by 12 inches. 

The principle is the fame as that of the former. The 

chief difference is, that in this centre the outer trufs- 

beana of the lower row is not coupled with, the middle 

, row-. 
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Center, row, but kept nearly parallel to the outer beam of the 

13pper row Thi9 adds greatly to the flrength of the 

foot, and takes off much of the horizontal thruft from 

the pier. 
Mr Perronet has (hewn great judgment in caufing 

the polygon of the inner row of trufs beams gradually 

to approach the polygon of the outer row. By this 
Mifpofition, the angles of the inner polygon are more 
acute than thofe of the outer. A little attention will 

fhew, that the general fagging of all the polygons will 
keep the abutments of the lower one nearer, or exaftly, 
to their original quantity. We mull indeed except the 
foot beam. It is ftill too oblique ; and, inftead of con¬ 
verging to the foot of the upper row, it fhould have di¬ 
verged from it. Had thia been done, this centre is al- 
mod perfe& in its kind. As it is, it is at lead fix times 
itronger than was abfolutely neceffary. We fhall have 

occafion to refer to this figure on another occafion. 

Sr Max This maxim is better exemplified by Mr Perronet in 
cnee aX the centering of the bridge of St Maxence, exhibited in 

fig. 5 n° 2. than in that of Nogent, fig. 5. n° 1. But 
we think that a horizontal trufs-beam a b fhould have 
been inferted (in a fubordinate manner) between the 

king-pods next the crown on each fide. This would 
prevent the crown from riling while the haunches only 
^re loaded, without impairing the fine abutments of c dy 

c d, when the arch is nearly completed. This is an ex¬ 
cellent centering, but is not likely to be of much ufe in 
thefe kingdoms ; becaufe the arch itfelf will be confi- 

dered as ungraceful and ugly, looking like a huge lin¬ 
tel. Perronet fays, that he preferred it to the ellipfe, 
becaufe it was lighter on the piers, which were thin. 
But the failure of one arch mud be immediately follow¬ 

ed by the ruin of all. We know much better methods 

of lightening the piers. 
Nemlly, Fig. 6 reprefents the centering of the bridge of 
i*nd Neuilly, near Paris, alfo by Perronet. The arch has 

120 feet fpan, and 30 feet rife, and is 5 feet thick. 

The frames are 6 feet apart, and each carries an abfo: 

lute (that is, not reduced to 44 or to £) load of 350 
tons. The drut beams are 17 by 14 inches in icant- 
ling. The king pods are of 15 by 9 each half ; and 
the horizontal bridles, which bind the different frames 

together in five places, are alfo 15 by 9 each half. 
There are eight other horizontal binders of 9 inches 

fquare. 
This is one of the mod remarkable arches in the 

world; not altogether on account of its width (for 

there are feveral much wider), but for the flatnefs at 

the crown ; for about 26 feet on each fide of the middle 
it was intended to be a portion of a circle of 150 feet 
radius. An arch (femicircular) of 300 feet fpan might 

therefore be eafily conftru&ed, and would be much 
ilronger than this, becaufe its horizontal thrud at the 
crown would be vadly greater, and would keep it more 

firmly united. 
The bolts of this centre are differently placed from 

thofe of the former ; and the change is judicious. Mr 
Perronet had doubtlefs found by this time, that the 
diffnefs ofhis framing depended on the tranfverfe drength 
of the beams ; and therefore he was careful not to weak¬ 
en them by the bolts. But notwithdanding all his care,, 
the framing funk upwards of 13 inches before the key- 

dones were laid ; and during the progrefs of the work, 

the crown rofe and funk, by various deps, as the loading 

was extended along it. When 20 courfes were laid on Certer. 
each fide, and about 16 tons laid on the crown of each v-— 
frame, it funk about an inch. When 46 courfes were 
laid, and the crown loaded with 50 tons, it funk about 
half an inch more. It continued finking as the work 
advanced ; and when the keydone was fet it had funk 
134 inches. But this finking was not general; on the 
contrary, the frame had rifen greatly at the very haunch¬ 

es, fo as to open the upper part of the joints, many of 
which gaped an inch ; and this opening of the joints 

gradually extended from the haunches towards the 
crown, in the neighbourhood of which they opened on 
the under fide. This evidently arofe from a want of 

diffuefs in the frame. But thefe joints clofed again 
when the centres were druck, as will be mentioned af¬ 
terwards. 

We have taken particular notice of the movements 
and twiding of this centre, becaufe we think that they 

indicate a deficiency, not only of diffnefs, but of abut¬ 
ment among the trufs beams. The whole has been 

too flexible, becaufe the angles are too obtufe : This 
arifes from their multiplicity. When the intercepted 

arches have fo little curvature, the power of the load 
to prefs it inward increafes very fad. When the in¬ 
tercepted arch is reduced to one half, this power is 
more than doubled ; and it is alfo doubled when the 

radius of curvature is doubled. The king’pods fhould 
have been farther apart near the crown, fo that the 
quantity of arch between them fhould compenfate for 
its diminifhed curvature. 

The power of withdanding any given inequality of 

load would therefore have been greater, had the centre 
confided of fewer pieces, and their angles of meeting 
been proportionally more acute. The greated improve¬ 

ment would have been, to place the foot of the lower 

tier of trufs-beams on the very foot of the pier, and to 
have alfo feparated it at the head from the red with a 
longer king-pod, and thus to have made the didances 

of the beams on the king-pods increafe gradually from 
the crown to the fpring. This would have made all 
the angles of abutment more acute, and would have pro¬ 

duced a greater preffure on all the lower tiers when the 

frame fagged. 
Fig. 7. reprefents the centering of the bridge of Or- Orleans, 

leans. The arch has 100 feet fpan, and rifes 30, and 
the arch.ftones are 6 feet long. It is the conftrudfion 

of Mr Hupeau, the tird architect of the bridge. It is 
the bolded work of the kind that we have feen, and is 
condru&ed oil clear principles. The main abutments 

are few in number. Becaufe the beams of the outer 
polygon are long, they are very well fupported by 

draining beams in the middle ; and the druts or braces 

which fupport and butt on them, are made to led on 
points carried entirely by ties. The inventor, however, 
feems to have thought that the angles'of the< inner po¬ 
lygon were fupported by mutual co'mprellion, as in the 
outer polygon. But it is plain that the whole inner 
polygon may be formed of iron rods. Not but that 
both polygons may be in a date of comprefiion (this ia 

very poflible) ; but the fmalled fagging of the frame 
will change the proportions of the preffures at the an¬ 

gles of the two polygons. rJThe preffures on the exte¬ 
rior angles will increafe,'and thofe on the lower or in¬ 

terior angles will diminifh mod rapidly ; fo that the a- 

butments in the lower polygon will be next to no¬ 
thing. 
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Center, thing. Such points could bear very little preflure from 
---the braces which fupport the middle of the long bear¬ 

ings of the upper beams, and their preflures mull be 
borne chiefly by the joints fupported by the king-pods. 
The king-pods would then be in a date of extenfion. 
It is difficult, however, to decide w'hat is the precife 

date of the preflure at thefe interior angles. 
The hidory of the ere&ion of this bridge will throw 

much light on this point, and is very indru&ive. Mr 
tins centre jqUpeail died before any of the arches were carried far¬ 

ther than a very few of the fird courfes. Mr Perronet 
fucceeded to the charge, and finifhed the bridge. As 
the work advanced, the crown of the frame rofe very 
much. It was loaded ; and it funk a3 remarkably. 
This (hewed that the lower polygon was giving very 
little aid. Mr Perronet then thought the frame too 
weak, and inferted the long beam DE, making the 
diagonal of the quadrangle, and very nearly in the di- 
redlion of the lower beam a b, but falling rather below 

this line. He now found the frame abundantly drong. 
It is evident that the trufs is now changed exceedingly, 
and confids of only the two long Tides, and the fhort 
draining beam lying horizontally between their heads. 
The whole centering confids now of one great trufs 
aEe b, and its long Tides aE, e b, are trufled up at B 
and /. Had this fimple idea been made the principle 
of the condru&ion, it would have been excellent. The 
angle a DE might have been about 176°, and the po¬ 
lygon D c h g employed only for giving a flight fup¬ 
port to this great angle, fo as not to allow it to exceed 
1800. But Mr Perronet found, that the joint c, at the 

foot of the pod E c, was about to draw loofe, and he 
was obliged to bolt long pieces of timber on each Tide 

of the joiat, embracing both beams. Thefe were evi¬ 
dently a&ing the fame part as iron draps would have 
done ; a complete proof that, whatever may have been 
the original prefluresj there was no abutment now at 
the point c, and that the beams that met there were 
not in a date of compreffion, but were on the dretch. 
Mr Perronet fays that he put thefe cheeks to the joints 
toJliffeTi them. But this was not their office ; becaufe 

the adjoining beams were not druts, but ties, as we have 

now proved. 
* We may therefore conclude, that the outer polygon, 

with the affidance of the pieces a by DE, were carrying 
the whole load. We do not know the didance between 
the frames ; but fuppofing them feven feet apart, and 
the arch 6 feet thick, and weighing 170 pounds per foot, 
we learn the load. The beams were 16 inches fquare. 
If we now calculate what they would bear at the fame 
very moderate rate allowed to the other centres, we find 
that the beams AB and ah are not loaded to one-fixth 
of their drength. 

We have given this centre as a fine example of what 
carpentry is able to perform, and becaufe, by its fim- 
pliciiy, it is a fort of text on which the intelligent ar- 
tid may make many comments. We may fee plainly 
that, if the lower polygon had been formed of iron rods, 

firmly bolted into the feet of the king-pods, it would 
have maintained its fttape completely. The fervice done 
by the beam DE was not fo much an increafe of abut¬ 
ment as a difeharge of the weight and of the pull at the 
joint c. Therefore, in cafes where the feet of the trufs 
are necejfarily confined to a very narrow fpace, we fliould 
be careful to make the upper polygon fufficient to carry 
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Center. the whole load (fay by doubling its beams), and we 

may then make the lower polygon of flender dimen- v”■* 

Tions, provided we feeure the joints on the king-pods 
by iron draps which embrace a confiderable portion of 

the tie on each fide of the joint. xi 
We are far from thinking that thefe centres are of All tbife 

the bed kind that could be employed in their fituation ; centres 

but they are excellent in their kind: and a carefulj^nd. 

dudy of them will teach the artid much of his profef- 
fion. When we have a clear conception of the date 

of drain in which the parts of a frame really are, we 
know what fhould be done in order to draw all the ad¬ 

vantage poffible from our materials. We have faid iu 
another place, that where we can give our joints fuffi¬ 
cient connexion (as by draps and bolts, or by cheeks 
or fiffies), it is better to ufe ties than druts, becaufe 

ties never bend. 
We do not approve of Mr Perronet’s pra&ice of gi¬ 

ving his truffes fuch narrow feet. By bringing the foot 
of the lower polygon farther down, we greatly diminifh 

all the drains, and throw more load on the lower poly¬ 
gon : and we do not fee any of Mr Perronet’s centres 
where this might not have been done. He feems to af- 
fedf a great fpan, to (hew the wonders of his art; but 
our objeft is to teach how to make the bed centre of a 
given quantity of materials ; and how to make the mod 

perfedl centre, when we are not limited in this refpedt, 
nor in the extent of our fixed points. *3 . 

We {hall conclude this feries of examples with one Excellence 

where no fuch affedlation takes place. This is the cen*°^tlie c7n“ 

tering of the bridge at Blackfriars, London. The fpan^for*3 
of the arch is 100 feet, and its height from the fpringBIackfriars 
is about 43. The drawing fig. 8. is fufficiently minute bridge, 

to convey a didindl notion of the whole conftrudlion. 
We need not be very particular in our obfervations, af¬ 
ter what has been faid on the general principles of con- 
dru&ion. The leading maxim, in the prefent example, 

feems to be, that every part of the archjloall be fupported 
by a frmple trufs of two legs refling, one on each pier. 

H, H, &c. are called apron pieces, to drengthen the 
exterior joints and to make the ring as did’ in itfelf 
as poffible, From the ends of this apron-piece proceed 

the two legs of each trufs. Thefe legs are 12 inches 
fquare : They are not of an entire piece, but of feveral, 
meeting in firm abutment. Some of their meetings are 
feenred by the double king-pods, which grafp them 
firmly between them, and are held together by bolts. 
At other interfe&ions, the beams appear halved into 
each other ; a pradlice which cannot but weaken them 
much, and would endanger their breaking by crofs 

drains, if it were poffible for the frame to change its 
fhape. But the great breadth of this frame is an ef¬ 
fectual dop to any fuch change. The fa61 was, that 
no finking or twifling whatever was obierved during the 

progrefs of the mafon work. Three points in a draight 
line were marked on purpofe for this obfervation, and 

were obferved every day The arch was more than fix 
feet thick ; and yet the finking of the crown, before 
fetting the key-dones, did not amount to one inch. 

The centre employs about,one-third more timber 
than Perronet^ great centre in proportion to the fpan 

of the arch ; but the circumference increafes in a 
greater proportion than this, becaufe it is more eleva¬ 
ted. In every way of making a companion of the di- 

menfions, Mr Mylne’s arch employs more timber ; but 

C c it 
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Center. ;t ig beyond all comparifon ftronger. The great elevation 

is partly the reafon of this. But the difpofition of the 
timbers is alfo much more advantageous, and may be 
copied even in the low pitched arches of Neuilly. The 
fimple trufs, reaching from pier to pier for the middle 
point of the arch, gives the ftrong fupport where it is 
moll of all wanted ; and in the lateral points H, al¬ 
though one leg of the trufs is very oblique, the other 

compenfates for it by its upright pofition. 
The chief peculiarity of this centre is to be feen in 

its bafe. This demands a more particular attention : 

but we mull firft make fome obfervations on the condi¬ 
tion of an arch, as it refts on the centering after the 
keyftones are all fet, and on the gradual transference 

of the preffure from the boards of the centering to the 

joints of the archftones. 
While all the archftones lie on the centering, the 

Obferva- Jower courfes are alfo leaning pretty ftrongly on each 
turns on the . y ii rrj * 
flare of an other. But the mortar is hardly compelled in the 
arch as it joints; and lead of all in the joints near the crown, 
refts on the Suppofe the arch to be catenarian, or of any other 
centering. j]lape t}iat js perfedfly equilibrated : When the center- 

ing is gradually withdrawn, all the archftones follow it. 
Their wedge-like form makes this impoflible, without 
the middle ones fqueezing the lateral ones afide. This 
compreffes the mortar between them. As the ftones 
thus come nearer to each other, thofe near the crown 
muft defcend more than thofe near the haunches, be¬ 
fore every ftone has leffened its diftance from the next 
by the fame quantity ; for example, by the hundredth 
part of an inch. This circumftance alone muft caufe a 

finking in the crown, and a change of fhape. But the 
joints near the crown are already more open than thofe 
near the haunches. This produces a ftill greater change 
of form before all is fettled. Some mafons endeavour 

to remedy, or at leaft to diminifh, this, by ufmg no 
mortar in the joints near the crown. They lay the 
ftones dry, and even force them together by wedges 
and blocks laid between the ftones on oppofite Tides of 

the crown : They afterwards pour in fine cement. This 
appears a good practice. Perronet rejedls it, becaufe 
the wedging fometimes breaks the ftones. We fhould 
not think this any great harm ; becaufe the fra&ure 
will make them clofe where they would otherwife lie 
hollow. But, after all our care, there is ftill a linking 

of the crown of the arch. By gradually withdrawing 

the centering, the joints clofe, the archftones begin to 
butt on each other, and to force afide the lateral courfes. 

This abutment gradually increafing, the preffure on the 
haunches of the centering is gradually diminifhed by 
the mutual abutment, and ceafes entirely in that courfe, 
which is the loweft that formerly prefled it : it then 

ceafes in the courfe above, and then in the third, and 
fo on. And, in this manner, not only the centering 

quits the arch, gradually, from the bottom to the top, 
by its own retiring from it, but the arch alfo quits the 
centering by changing itsfhape. If the centering were 
now pufhed up again, it would touch the arch firft at 
the crown ; and it muft lift up that part gradually be¬ 
fore it come again in contadl with the haunches. It 
is evident, therefore,_that an arch, built on a centre of 
a fhape perfedlly fuited to equilibration, will not be in 
equilibrio when the centering is removed. It is there¬ 
fore neceffary to form the centering in fuch a manner 

(by raifing the crown), that it fhall leave the arch of 

a proper form. This is a very delicate talk, requiring Center, 
a previous knowledge of the enfuing change of form. ~v—-^ 

This cannot be afcertained by the help of any theory 

we are acquainted with. 
But, fuppofe this attained, there is another difficulty; 

While the work advances, the centering is warped by 
the load laid on it, and continually increafing on each 
fide. The firft preffure on the centering forces down 

the haunches, and raifes the crown. The arch is there¬ 
fore lefs curved at the haunches than is intended : the 
joints, however, accommodate themfelves to this form, 
and are clofe, and filled with mortar. When the ma¬ 

fons approach the middle of the arch, the frame fink3 
there, and rifes up at the haunches. This opens all the 
joints in that place on the upper fide. By the time that 
the keyftones are fet, this warping has gone farther; 
and joints are opened on the under fide near the crown. 
It is true we are here fpeaking rather of an extreme 
cafe, when the centering is very flexible ; but this oc¬ 
curred to Mr Perronet in the two great bridges of Neu- 
illy and of Mantz. In this laft one, the crown funk 
above a foot before the key was fet, and the joints at 
the haunches opened above an inch above, while fome near¬ 

er the crown opened near a quarter of an inch below. A delicate 
In this condition of things, it is a delicate bufmefs tpbufinefs to 

ftrike the centering. Were it removed in an inilant, allftrikethe 
would probably come down ; for the archftones are notcentcnn£‘ 
yet abutting on each other, and the joints in the middle 
are open below. Mr Perronet’s method appears to us 
to be very judicious. He began to detach the center¬ 

ing at the very bottom, bn each fide equally, where the 
preffure on the centering is very flight. He cut away 
the blocks which were immediately under each arch- 

ftone. He proceeded gradually upwards in this way 
with fome fpeed, till all was detached that had been put 

out of fhape by the bending of the centering. This be¬ 
ing no longer fupported, funk inward, till it was flopped 
by the abutment which it found on the archftones near 
the crown, which were ftill refting on their blocks. 

During part of this procefs, the open joints opened ftill 
more, and looked alarming. This was owing to the re¬ 
moval of the load from the haunches of the centering. 
This allowed the crown to fink ftill more, by forcing 

out the arch ftones at the haunches. He now paufed, 
fome days; and during this time the two haunches, now 
hanging in the air, gradually preffed in toward the cen¬ 
tering, their outer joints clofing in the meanwhile. The 
haunches were now preffing pretty hard on the arch¬ 

ftones nearer the crown. He then proceeded more 
flowly, deftroying the blocks and bridgings of thefe up¬ 
per archftones. As foon as he deftroyed the fupport of 
one, it immediately yielded to the preffure of the haunch; 

and if the joint between it and the one adjoining to¬ 
ward the crown happened to be open, whether on the 
under or the upper fide, it immediately clofed on it. 
But in proceeding thus, he found every ftone fink a 

little while it clofed on its neighbour; and this was like 
to produce a ragged foffet, which is a deformity. He 
therefore did not allow them to fink fo much. In the 

places of the blocks and bridgings which he had cut 
away, he fet fmall billets, {landing on their ends, between 
the centering and the archftones. Thefe allowed the pen¬ 
dulous arch to pufh toward the crown without fenfibly 
defcending ; for the billets were pufhed out of the per¬ 

pendicular, and fome of them tumbled down. Proceed¬ 
ing 
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Center, {ng In this way, he advanced to the very next courfe to 
-n/-' the keyftone on each fide, the joints doling all the way 

as he advanced. The laft job was very troublefome ; 
we mean the detaching the three uppermoft courfes from 
the centering : for the whole elafticity of the center¬ 
ing was now trying to unbend, and prefling hard againft 
them. He found that they were lifted up ; for the 
joints beyond them, which had clofed completely, now 
opened agaih below ; but this job was tinifhed in one 
day, and the centre fpruug up two or three inches, and 

the whole arch funk about fix inches. This was an 
anxious time ; for he dreaded the great momentum of 
fuch a vaft mafs of matter. It was hard to fay where 
it would (lop. He had the pleafuro to fee that it (lop¬ 

ped very foon, fettling flowly as the mortar was com- 
preffed, and after one or two days fettling no more. 
This fettling was very confiderable both in the bridge 

at Neuilly and in that at Mautz. In the former, the 
finking during the work amounted to 13 inches.^ It 
funk fix inches more when the blocks and bridgings 
were taken out, and i^- when the little ilandards were 
dellroyed, and 1^ more next day ; fo that the whole fink¬ 
ing of the pendulous arch was 9t inches, befides what it 
had funk by the bending and compreffion of the center- 

ing. 
The crown of the centering was an arch of a circle 

deferibed with a radius of 150 feet; but by the finking 
of the arch its fhape was confiderably changed, and 
about 60 feet of it formed an arch of a circle wliofe 
radius was 244. feet. Hence Mr Perronet infers, that 
a femicircle of 500 feet fpan may be ereeled. . It would 
no doubt be (Ironger than this arch, becaufe its greater 

horizontal thruft would keep the Hones firmer together. 
The finking of the arches at Mantz was not quite fo 
great, but every thing proceeded in the fame way. It 
amounted in all to io\ inches, of which 12 inches were 
owing to the compreffion and bending of the center- 

26 ing* ... 
The fore- In fig. 5. n° I. may be obferved an indication of this 
poing ob- procedure of the mafonry. There may be noticed a 

«em llori*zontal 1Jne a c> and a di3g°nal a h' 7hck are fuP‘ 
fied11^ 1 pofed to be drawn on the mafonry as it would have 

flood had the frames not yielded during the building. 

The dotted line AV c' fhews the fhape which it took 
by the finking of the centering. The dotted line on 
the other fide was a&ually drawn on the mafonry when 
the keyftone was fet ; and the wavy black line on the 
fame fide fhews the form which the dotted line took by 
the firiking of the centering. The undulated part of 
this line cuts its former pofition a little below the middle, 
going without it below, and falling within it above. 
This fhews very diftindlly the movement of the whole 
mafonry, diftinguifhing the parts that were forced out 

and the parts which funk inward. 
We prefume that the pra&ical reader will think this 

account of the internal movements of a flupendous arch 

very inftrudlive and ufeful. As Mr Perronet obferved 
it to be uniformly the fame in feveral very large arches 
which he eredled, wc may conclude that it is the gene¬ 

ral procefs of nature. We by no means have the con¬ 
fidence in the durability or folidity of his arches which 

he prudently profeffes to have. We have converfed with 
fome very experienced mafons, who have alfo ere6led 
very great arches, and in very difficult fituations, which 

have given univerfal fatisfa&ion ; and we have found 

them uniformly of opinion, that an arch which has fet- Center ^ 

tied to fuch a proportion of its curvature as to change 
the radius from 150 to 244 feet, is in a very hazardous 
fituation. They think the hazard the greater, becaufe 
the fpan of the arch is fo great in proportion to its 
weight (as they exprefs it very emphatically) or its 
height. The weight, fay they, of the haunches is too 
fmall for forcing together the key Hones, which have 
fcarcely any wedge-like form to keep them from Hiding 
down. This is very good reafoning, and expreffes very 

familiar notions. The mechanician would fay, that the 
horizontal thruH at the crown is too fmall. When we 

queHioned them about the propriety of Mr Perronet’s 
method of removing the centering, they unanimoufly 
approved of its general principle, but faid that it was 
very ticklifh indeed in the execution. The cafes which 
he narrates were new to them. They fiiould have al- 
moH defpaired of fuccefs with arches which had gone fo 
much out of Hxape by the bending of the centres ; be- 
eaufe, faid they, the Hope of the centering, to a great 
diHance from the crown, was fo little, that the arch- 
Hones could not Hide outwards along it, to clofe even 
the under fide of the joints which had opened above 
the haunches ; fo that all the archfiones were at too 
great a diHance from each other; and a great and gene¬ 
ral fubfiding of the whole was neceflary for bringing 
them even to touch each other. They had never obfer¬ 
ved fuch bendings of the centerings which they had em¬ 
ployed, having never allowed themfelves to contradl the 
feet of their trufies into fuch narrow fpaces. They ob¬ 
ferved, that nothing but lighters with their maHs down 

can pafs under the truffes, and that the fides mu ft be fo 
protected by advanced works from the accidental fhock 
of a loaded boat, that there cannot be left room for 
more than one. They added, that the bridges of com¬ 
munication, neceflary for the expeditious conducing of 

the work, made all this fuppofed roominefs ufelefs: be¬ 
fides, the bufinefs can hardly be fo urgent and crowded 
anywhere, as to make the paffage through every arch in- 
difpenfably neceflary. Nor was the inconvenience of 
this obflrudlion greatly complained of during the erec¬ 
tion of Weflminiter or Blackfriars bridges. Nothing 

fhould come in competition with the undoubted folidity 
of the centering and the future arch ; and all boafling 
difplay of talent and ingenuity by an engineer, in the 
exhibition of the wonders of his art, is mifplaced here. 

Tliefe appeared to us good reafons for preferring the 
more cautious, and incomparably more fecure, conilruc- 
tion of Mr Mylne, in which the breadth given to each 
bafe of the trufies permitted a much more effe&ive dif- 
pofition of the abutting timbers, and alfo enabled the 
engineer to make it incomparably differ ; fo that no 
change need be apprehended in the joints which have 
already clofed, and in which the mortar has already ta¬ 
ken its fet, and commenced an union that never can be 

reftored if it be once broken in the fmalleft degree, no 
not even by greater compreffion. 

Here we beg leave to mention our notions of theT, 
connexion that is formed by mortar compofed of lime 

or gypfum. We confider it as confiding chiefly, if not that is 
folely, in a cryflallization of the lime or gypfum and formed 

water. As much water is taken up as is neceflary forbJ.!nortar 
the formation of the cryftals during their gradual con- &c>imc’ 
verfion into mild calcareous earth or alabaftcr, and the 

reft evaporates. When the free accefs of air is abfo- 

Cca lutely 
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Center, lately prevented, the cryftallization never proceeds to 

that ftate, even although the mortar becomes extremely 
dry and hard. We had an opportunity of observing 

this accidentally, when palling through Maeftricht in 
1770, while they were cutting up a niaffy revetment of 
a part of the fortifications more than 300 years old. 
The mortar between tl\e bricks was harder than the 
bricks (which were Dutch clinkers, fuch as are now 
ufed only for the greateft loads) ; but when mixed with 
water it made it lime water, feemingly as ftrrong as if 

frefh lime had been ufed. We obferved the fame thing 
in one fmall part of a huge mafs of ancient Roman work 
near Romney in Kent ; but the reft, and all the very 
old mortar that we have feen, was in a mild ftate, and 
was generally much harder than what produced any 
lime-water. Now when the mortar in the joints has 
begun its fir ft cryftallization, and is allowed to remain 

in perfect reft, we are confident that the fubfequent cry- 
ftals, whether of lime, or of calcareous earth, or of gyp- 
fum, will be much larger and ftronger than can ever be 
produced if they are once broken ; and the farther that 
this cryftallization has been carried, that is, the harder 

that the mortar has become, lefs of it remains to take 
any new cryftallization. Why fhould it be otherwife 
here than in every other cryftallization that we are ac- 

a8 quainted with ? 
Ncceflityof We think therefore that it is of great confequence 
keeping the to keep the j0ints their JirJl ftate if pofiible ; and 

thdr'firft that the ftrength (as far as it depends on the mortar) 
itate.. is greatly diminifhed by their opening; efpecially when 

the mortar has acquired confiderable hardnefs, which it 

will do in a month or fix weeks, if it be good. The 
cohefion given by mortar is indeed a mere trifle, when 
oppofed to a force which tends to open the joints, act¬ 

ing, as it generally does, with the tranfverfe force of a 
lever : but in fituations where the overload on any par¬ 
ticular archftones tends to pufh them down through be¬ 
tween their neighbours, like wedges, the cohefion of the 

mortar is then of very great confequence. 
We muft make another obfervation. Mr Perronet’s 

ingenious prccefs tended very effe&ually to clofe the 
joints. It doing this, the forces which he brought in¬ 
to a&ion had little to oppofe them ; but as foon as they 
were clofed, the contaft of the parts formerly open op¬ 
pofed an ohftru&ion incomparably greater, and imme¬ 

diately balanced a force which was but juft able to turn 

the ftone gently about the two edges in which it touch¬ 
ed the adjoining (tones. This is an important remark, 

though feemingly very trifling ; and we with the prac- 

titioner to have a very clear conception of it; but it 
would take a multitude of words to explain it. It is 
worth an experiment. Form a little arch of wooden 

blocks ; and form one of thefe fo, that when they are 
all refting on the centering, it may be open at the outer 
joint—Remove the centering—Then prefs on the arch 
at fome diftance from the open joint.—You will find 
that a very fmall preffure will make the arch bend till 
that joint clofes.—Prefs a little harder, and the arch will 
bend more, and the next joint will open.—Thus you 
will find that, by preffmg alternately on each fide of the 
open joint, that ftone can eafily be made to flap over to 
either fide ; and that immediately after this is done the 
refiftance increafes greatly. This ftiews clearly, that a 
very moderate force, judicioufly employed, will clofe 

the joints, but will not prefs the parts ftrongly toge¬ 

ther. The joints therefore are clofed, but no more than Center. 
clofedy and are hanging only by the edges by which they v"~' J 
were hanging while the joints were open. The arch, 
therefore, though apparently clofe and firm, is but loofe 
and tottering. Mr Perronet fays, that his arches were 
firm, becaufe hardly a ftone was obferved to chip or 
fplinter off at the edges by the fettlement. But he had 

done every thing to prevent this, by digging out the 
mortar from between the headers, to the depth of two 
inches, with faws made on purpofe. But we are well 
informed, that before the year 1791 (twenty years af¬ 
ter the erection) the arches at Neuilly had funk very 

fenfibly, and that very large fplinters had fiewn off in g 
feveral places. IUcould not be otherwife. The origi- Mr Perro- 
nal conftrmftion was too bold; we may fay needlefsly net’s con- 

and oftentatioufly bold. A very gentle Hope of the^™^^9 
roadway, which would not have flackened the mad gal¬ 
lop of a ducal carriage, nor fenfibly checked the labo¬ 
rious pull of a loaded waggon, and a proper difference 

in the fize of the arches, would have made this won¬ 
derful bridge incomparably ftronger and alfo much 
more elegant and pieafing to the eye. Indeed, ,it is far 
from being as handfome as it might have been. The 
ellipfe is a molt pleafmg figure to every beholder ; but 

this is concealed as much as poffible, and it is attempt¬ 
ed to give the whole the appearance of a tremendous 
lintel. It has the opprelfive look of danger. It will 
not be of long duration. The bridge at Mantz is ftill 
more exceptionable, becaufe its piers are tall and (lender. 
If any one of the arches fails, the reft muft fall in a 
moment. An arch of Blackfriars Bridge might be 
blown up without difturbing its neighbours. 

Mr Perronet mentions another mode of ftriking the A bad me. 
centering, which he fays is very ufual in France. Every thod of 
fecond bridging is cut out. Some time after, every fe- ftnking the 

cond of the remainder ; after this, every fecond of the 
remainder ; and fo on, till all are removed. This is ne¬ 
ver pra&ifed in this country, and is certainly a very bad 
method. It leaves the arch hanging by a number of di- 

ftant points ; and it is wonderful that any arch can bear 

this treatment. 
Our archite&s have generally proceeded with extreme 

caution. Wherever they could, they fupported the cen¬ 

tering by intermediate pillars, even when it was a truffed 
centre, having a tie-beam reaching from fide to fide. 

The centre was made to reft, not immediately on thefe yh£ corn- 
pillars, but on pieces of timber formed like acute wedges, m0n me* 
placed in pairs, one above the other, and having the thod in 
point of the one on the thick end of the other. Thefe,Britain. ■ 
wedges were well foaped and rubbed with black lead, to 
make them (lippery. When the centres are to be (truck, 

men are ftationed at each pair of the wedges with heavy 
malls. They are directed to (trike together on the op- 
pofite wedges. By this operation, the whole centering, 

defeends together ; or, when any part of the arch is ob¬ 
ferved to have opened its joints on the upper fide, the. 
wedges below that part are fiackened. The framing, 
may perhaps bend a little, and allow that part to fub- 

fide. If any part of the arch is obferved to open its 
joints on the under fide, the wedges below that part are. 
allowed to (land after the reft have been flackened. By 
this procefs, the whole, comes down gradually, and as 
(lowly as we pleafe, and the defe&s of every part of the 
arch may be attended to. Indeed the caution and mo¬ 

deration of. our builders have commonly been fucb, that 
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few defefts have been allowed to fhew themfelves. 

1 are but little acquainted with joints opening to the ex¬ 
tent of two inches, and in fuch a cafe would probably 

lift every Hone of the arch again (b). We have not 
employed trulfed centerings fo much perhaps as we 

ihould have done ; nor dowe fee their advantage (lpeak- 
ing as mere builders) over centres fupported all over, 

and unchangeable in their form. Such centres mu 
bend a little, and require loading on the middle to keep 
them in fhape. Their compreffion and tlieir elallicity, 

are very troublefome in the ilriking of the centres in 
Mr Perronet’s manner. The elafiicity is indeed of ufe 

when the centres are flruck in the way now defcnbed. 
Thefe obfervations on the management of the inter¬ 

nal movements of a great arch will enable the reader to 

appreciate all the merit of Mr Mylne’s very ingenious 
confirmation. We proceed therefore to complete our 

defcription. 

2o5 ] C E N 
We his expectation on what he faw in the launching of great Center, 

fhips, which flide very eafily on a hope of 10 or 12 de- 
grees. He rather feared, that taking out the block 
behind would allow the wedge to be puttied back at 
once, fo that the defcent of the trnfs would, be too ra¬ 
pid. However, to be certain of the operation, he had 
prepared an abundant force in a very ingenious manner. 

A heavy beam of oak, armed at the end with iron, was 
fufpended from two points of the centre like a battering 

ram, to be ufed in the fame manner. Nothing could 
be more Ample in- its ftru&ure, more powerful in its 
operation, or more eafy in its management. Accord¬ 

ingly the fucccfs was to his wifh. The wedge did not 
flip back of itfelf; and very moderate blows of the ram 

drove it back with the greateft eafe. The whole ope¬ 
ration was over in a very few minutes. The fpe&ators 
had fufpe&ed, that the fpace allowed for the recefs of 
the wedge was not fufficient for the fettlement of the 

rWradual enlargement of the bafe of the piers of arch ; but the architeft trufted to the precautions he 

Blackfrfars bridge enabled the architeft to place a feries had taken in its conftruftion. The reader, by turning 
— n _ -rtnn AT f np mpr ! 

of five polls c, c, c, c, c, one on each flap of the pier ; 
the ingenious contexture of which made it like one 10- 

3* , lid block of flone (fee Arch, Supplement). Thefe itruts 
*he were gradually more and more oblique, till the outer 

Mine’s one formed an obtufe angle with the lowefl fide of the 
method. interior polygon of the trufs. On the top of thefe polls 

was laid a Hoping seat or beam D of flout oak, the up¬ 
per part of which was formed like a zig-zag fcarting. 
The polls were not perpendicular to the under hde ol 
the feat. The angles next the pier were fomewhat ob¬ 
tufe. Short pieces of wood were placed between the 
heads of the polls (but not mortifed into them), to pre¬ 
vent them from flipping back. Each face of the icart 
was covered with a thick and fmooth plate of copper* < 
The feet of the trufs were mortifed into a fumlar piece 
F, which may be called the sole of the trufs, having 

its lower fide notched in the fame manner with the up¬ 

per fide of D, and like it covered with copper. Be¬ 
tween thefe two lay the striking wedge E, the faces 
of which correfponded exadlly with the flant faces of 

the feat and the foie. The wedge was fo placed, that 
the correfponding faces touched each other for about 

half of their length. A block of wood was put in at 
the broad end or bafe of this wedge, to keep it from 
flipping back during the laying the arch-ftones. Its 

to the article Arch in this Supplement, will fee that 
there was only the arch LY which could be expelled- 

to fettle : accordingly, the recefs of the wedge was 
found to be much more than was neceffary. However, 
had this not been the cafe, it was only neceffary to take 
out the pieces between the polls below the feat, and 
then to drive back the heads of the ftruts ; but this was 

not needed (we believe) in any of the arches. We are 
well affured that none of the arches funk an inch and a 
half. The great arch of 100 feet fpan did not fink one 
inch at the crown. It could hardly be perceived whe¬ 

ther the arch quitted the centering gradually or not, fo 

fmall had been the changes of fhape. 33 
We have no hefltation in faying, that (if we except The great\ 

fome wafte of great timber by uncommon joggling) thefuperiority '' 

whole of this performance is the moft perfedl of any °gr*ng ufed * 
that has coine to our knowledge. We doubt not butbyhiin> 

that feveral have equalled it, or may have excelled it ; 
hut we do not know of them : and we think that the 
bringing forward fuch performances is no lefs fervice- 
able to the public, than it is honourable to the inventor. 
Nor do we iuppofe that any views of intereft can be fo > 

powerful as to prevent an ingenious architect from com¬ 
municating to the public fuch honourable fpecimens of 
his own talents. We ffiould be happy to communicate flipping back during the laying uie arcu-iiouc*. *-rj r• • 

outer end E was bound with iron, and had an iron bolt more of this kind ; .for we confider it as a very import 

feveral inches long driven into it. The head of this ant article of praftical mechanics,andthink.that it-,n 

bolt was broad enough to cover the whole wood.of the 

wedge within the iron ferule. 
We prefume that the reader, by this time, forefees 

the ufe of this wedge. It is to be driven in between 

of confequence to the nation that it fhould be very ge¬ 
nerally underflood. In every corner of the country 
bridges are to be built—we have everywhere good ma- 
fonsy who are fully.able to execute any practicable pro- 

^ 1 _ _A. a. n/mnnmf 0/1 n tm*i n /*-» f irVtTanf 
the uie 01 this wedge, it is to De ariven 111 uawccu a., ™y • . , ■} r—-. r 
the foie and the feat (having firfl taken out the block jeft, but too little acquainted with principle to invent, 
at the bafe of the wedge). As it advances into the or to accommodate even what they know to local cir- 

wider fpaces, the whole trufs mull defeend, and be freed cumilances, and are very.apt to be duped by appear- 
from the arch ; but it will require prodigious blows to ances of ingenuity, or milled by erroneous notions of 
drive it back. ’ Mr Mylne did not think .fo, foundings the ftrains which are excited. We profefs more fcience, 

(b) The writer of this article can only fay, that, after much inquiry, he has no information of any arch being 
received from the builder as fufficient that had fuffered-half the change of ffiape mentioned by Mr Perronet. 

The arch of Dublin bridge, built by an excellent, but a very private, mafon, Mr 8teeven, is 105 feet wide, with 

only 22 feet of rife. It was erefted (but- not on a trufTed centering) without changing one full inch in its ele¬ 

vation ; and when the centering was removed, it funk only i|th inches, and about half an inch mere when the 

parapets were added and the bridge completely.finiffied. 
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and to treat the fubjeCl with the alMance of accurate 
' principles : But while we are certain that every cir- 
cumftance is fufceptible of the mod accurate determi¬ 
nation, we mud acknowledge that we have by no means 
attained an accurate knowledge of all the drains which 
are produced and excited in a frameof carpentry, which 
is fettling and changing its fliape, even though it be not 
very complicated ; far lefs are we poflefTed of a clear 
view of what happens in a mafs of maionry in fimilar 

conditions. Therefore, though we fpeak with the ftrong 
belief of our being right, we fpeak with a fenfe of our 

fallibility, and with great deference to the judgment of 
eminent and experienced archite&s and engineers. We 
fhuuld confider their free and candid criticifms as the 

highed favour ; and we even folicit them, with afiuran- 
ces of thanks, and that we will take fome opportunity, 

before the clofe of this work, to acknowledge and cor¬ 

rect our miilakes. We even prefume to hope, that the 
liberal-minded artift will be pleafed with this opportu¬ 
nity which we give him of increafing the national flock 

of knowledge. Let mutual jealoufy and rfvalfhip reign 
in the breads, and prompt the exertions, of our refllefs 
neighbours on the continent—let them think that the 

dignity of man confifls in perpetual warfare, in which 
every individual feels, himfelf indebted only to himfelf, 
freed from all the fweet ties of domeflic partiality, of 
friendfhip, and of patriotic attachment. We hope that 
the hearts of Britons will long continue to be warmed 
and fortified by the thoughts of mutual afiiflance, mu-' 

tual co-operation, mutual attachment, arid a patriotic 
preference of their countrymen to all other men. While 

thefe fentiments are regulated by unfhaken honefly, by 
candour, and by Chrillian charity, we (hall be fecured 
from the errors of partial attachments, and yet enjoy all 
the pleafures of unfophiflicated nature. Families will 

{till be bound together by the affe£lion3te ties of blood; 
and the whole frame of Britifh fociety will be in har¬ 
mony with the bonds which conned the members of 
each family, by their endlefs erodings and intermixings. 

In this flate, the (late of focial nature, the man of ta¬ 
lents will -not lock up all the fruits of his exertions in 
his own bread, but will feel a pleafure in imparting 
them to a fociety that is dear to him, and on which he 
depends for all his bed enjoyments. Nothing will hold 

the good man back when this is in his power, but the 

virtuous ufe which he can make of his fuperiority in 

the difeharge of his own little circle of duties. This is 
all that is required of true patriotifm ; and it is not too 
much to be expe&ed from Britons, who feel a pleafure 

in viewing their country as the great fchool of the arts, 
under the patronage of a fovereign who has done more 
for their improvement than all the other princes of Eu¬ 
rope, and who (we are well adured) is now meditating 

a plan which mud be highly gratifying to every emi¬ 
nent profedor of the arts. 

The^hb- The fubje£t which we have been confidering is very 
of this clofely conne&ed with the conftru&ion of wooden 

article con-bridges. Thefe are not always conftru&ed on the foie 
neded withpn*licipies Gf equilibrium, by means of mutual abutment, 

ftrudtion of^hey are frames of carpentry, where, by a proper 
wooden difpofition, beams are put into a date of extenfion, as 
bridges. well as of compreflion, fo as to dand in place of folid 

bodies as big as the fpaces which the beams enclofe ; 

and thus we are enabled to couple two, three, or four 
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of thefe together, and fet them in abutment with each Center, 
other like mighty arch-dones. We {hall clofe this ar- 
tide, therefore, with two or three fpecimens of wooden 
bridges, difpofed in a feries of progreflive compofition, 
fo as to ferve as a fort of introduction to the art in ge¬ 

neral, and furnifh a principle which will enable the in¬ 

telligent and cautious artid to pufh it with confidence 
as far as it can go. 

The general problem is this. Suppofe that a bridge 
is to be thrown over the fpace AB (fig. 9.), and that Pktc 
this is too wride for the drength of the fize of timber 

which is at our command ; how may this beam AB be 
fupported with fufficient effect ? There are but two 

ways in which the middle point C (where the greated 
drain is) can be fupported: 1. It may be fufpended by 
two ropes, iron rods, or wooden ties, DC, EC, made 

fad to two firm points, D, E, above it ; or it may red on 
the ridge of two rafters JC, eC, which red on two firm 
points dy e, below it 2. It may be fupported by con¬ 
necting it with a point fo fupported ; and this connec¬ 

tion may be formed, either by fufpending it from this 
point, or by a pod reding on it. Thus it may hang, 

by means of a rod or a king-pod FC, from the ridge F 

of two rafters AF, BF ; or it may red on the drut C f, 
whofe lower extremityy*is carried by the ropes, rods, 
or wooden ties A.ffBf. 

Whichfoever of thefe methods we employ, it follows, 
from the principles of carpentry, that the fupport given 
to the point C is fo much the more powerful, as we 
make the angle DCE, or dC e9 or the equivalent angles 

AFB, or A/B, more acute. 
Each of thefe methods may be fuppofed equally 

drong. Our choice will depend chiefly on the facility 

of finding the proper points of fupport D, E, d, e ; ex¬ 
cept in the fecond cafe, where we require no fixed points 35 

but A and B. The iimple forms of the firfi cafe re-Theufual 
quire a great extent of figure. Very rarely can we fuf- andfimplefc 

pend it from points fituated as D and E. It is even 
feldom that we have depth enough of bank to allow the ;n,y fucJl 

fupport of the rafters dC, eQ ; but we can always findbndges. 
room for the fimple trufs AFB. This therefore is the 

mod ufually praClifed. 
In the conftruClion, we mud follow the maxims and 

directions preferfbed in the article Carpentry of this 
volume, and the article Roof of the EncycL The beams 
FA, FB mud be mortifed into AB,in the firmed man¬ 
ner, and there fecured with draps arid bolts ; and the 
middle mud hang by a drap attached to the king-pod 
FC, or to the iron rod that is ufed for a king-pod. No 

mortifing in the point C mud be employed ; it is unne- 
ceffary, and it is hurtful, becaufe it weakens the beam, 
and becaufe it lodges water, and foon decays by rot. 
The bed praClice is not to fufpend the beam immedi¬ 
ately by this drap, but to let it red, as in fig. it), on a 
beam C, which erodes the bridge below, and has its 

other end fupported in the fame manner by the other 

trufs. 
It is evident that the length of the king-pod has no 

effeCl on the fupport of C. We may therefore con- 
traCl every thing, and preferve the fame drength of fup¬ 
port, by finding two points a and b (fig. ! 1.) in the 

banks, at a moderate didance below A and B, and fet- 
ting up the rafters a F, b F, and fufpending C from the 
fhortened king-pod. In this condru&ion, when the 

beam AB reds on a crofs bearer, as is drawn here, the 
druts 
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Center, ftruts a F, b F are kept clear of it. No conneftion be- five feet wide, 

-v-'tween them is neceffary, and it may be hurtful, by in¬ 
ducing crofs ftrams on both. It will, however, greatly 

increafe the ftiffnefs of the whole. This conftruaion 
may fafely be loaded with ten times the weight that AB 

can carry alone. . 
Suppofe this done, and that the fcantling ot AB is 36 

provement too weak for carrying- the weight which may be brought 
of that me-on the parts AC, CB. We may now-trufs up each 

half, as in fig. 12. and then the whole will form a hand- 
fome bridge^ of the fimpleft conftruaion poftible. The 
interfe&ions of the fecondary braces with thofe of the 

main trufs will form a hand-rail of agreeable figure. . 
We are not confined to the employment of an entire 

piece AB, nor to a redilineal form. We may frame 

the bridge as in fig. 13* and this f°rm diffuade 
from allowing any connection with the middle points 
of the main braces. This conftrudion alfo may be o - 

lowed till each beam AC and CB is loaded to ten 
times what it can fafely bear without the fecondary 

trufling. . 
There is another way by which a bridge ol one beam 

may be fupported beyond the power of the firft and 
fimpleft conftrudion./ This is reprefented in fig. 14. 

and fig. 15. The trufs beam FG fhould occupy one- 
third Of AB. The advantage of this conftrudion is 
very confiderable. The great elevation of the braces 

(which is a principal element of the ftrength) is preier- 

ved, and the braces are greatly fhortened. 
This method may be pufhed ft ill farther, as in fag. 

And all thefe methods may be combined, by joining 

the conftrudions of fig. 14* an(^ I5* 1 t^iat 

fig. 16. f 
In all of them there is much room for the dilplay ot 

/kill, in the proper adjuftment of the fcantling of the 
timber, Tnd the obliquity of the braces, to the lengths 
of the different bearings. A very oblique ftrut, or a 

{lender one, will fuffice for a fmall load, and may often 
give an opportunity to increafe the general ftrength; 
while the great timbers and upright fupports are refer- 

ved for the main preflures. Nothing will improve the 
compofition fo much as refteaing progreffivelv, and in 

the order of thefe examples, on the whole. This alone 
can preferve the great principle in its fimplicity and full 

energy. 
inceie- Thefe conftrudions are the elements of all that can 
ments of all ^ done [n the art of building wooden bridges, and are 
that can beto be found more or ief8 obvioufly and diftindly in all 

n attempts of this kind. We may affert, that the more 
obvioufly they appear, the more perfed the bridge will 
be. It is aftonifhing to what extent the principle may 
be carried. We have feen a bridge of 42 feet fpan 
formed of two oak truffes, the biggeft timber of which 
did not exceed fix inches fquare, bearing with perfed 

fteadinefs and fafety a waggon loaded with more than 
two tons, drawn by four flout horfes. It was framed 
as fig. 16. nearly, with the addition of the dotted lines, 
and was near thirty years old ; proteded, however, from 

the weather by a wooden roof, as many bridges in Ger¬ 

many are. 
We recoiled another in the neighbourhood of Stet¬ 

tin, whichTeemed conftruded with great judgment and 

fpirit. It had a carrriage *oad in the middle about 20 

feet (we think) wide, and on each fide a foot-way about 
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__ The fpan was not lefs than 60 feet, and 

the greateft fcantling did not appear to exceed 10 

inches by 6. 
This bridge confifted of four truffes, two of which 

formed the outfide of the bridge, and the other two 
made the feparation between the carriage road and the 
two foot ways. We noticed the conftrudlion of the 
truffes very particularly, and found it fimilar to the laft, 

except in the middle divifion of the upper trufs, which, 

being very long, was double miffed, as in fig. 17. 
The reader will find in that volume of Leupold’s 

Theatrum Machinarum} which he calls Theatrum Pontifi- 

cum, many fpecimens of wooden bridges, which are very 

frequent in the champain parts of Germany. They are 
not, in general, models of mechanic art; but the reflect¬ 
ing reader, who confiders them carefully, will pick up 

here and there fubordinate hints, which are ingenious, 

and may fometimes be ufeful. 
What we have now exhibited are not to be confider- 

ed as models of conftruaion, but as elementary examples 
and leffons, for leading the reader fyftematically into a 

thorough conception of the fubjea. # 40 
We cannot quit the fubjea without taking notice of A wonder- 

a very wonderful bridge at Wittengen in Switzerland, ful bridge 

{lightly defcribed by Mr Coxe (Travels, vol. I. if 2.) }an(j*ltZer 
It is of a conftruaion more Ample* ftill than the bridges 
we have been defcribing. The fpan is 230 feet, and it 

rifes only 2$. The fleetch (fig. 18.) will make it fuffi- 
citntly intelligible. ABC is one of two great arches, 
approaching to a catenarian fhape, built up of feven 
courfes of folid logs of oak, in lengths of 12 or 14 feet, 
and 16 inches or more in thicknefs. . Thefe are all 
picked of a natural fhape, fuited to the intended curve ; 

fo that the wood is nowhere cut acrofs the grain to trim 
it into fnape. Thefe logs are laid above each other, fo 
that their abutting joints are alternate, like thofe of a 

brick wall ; and it is indeed a wooden wall, Amply 
built up, by laying the pieces upon each other, taking 
care to make the abutting joints as clofe as poffible. 
They are not faftened together by pins or bolts, or by 

fcarfings of any kind. They are, however, held toge¬ 
ther by iron ftraps, which furround them, at the diftance 

of five feet from each other, where they are faftened by 

bolts and keys. 
Thefe two arches having been ereCled (by the help, 

we prefume, of pillars, or a centering of fome kind), and 
well butted againft the rock on each fide, were freed 
from their fupports, and allowed to fettle. They are 
fo placed, that the intended road a b c interfedls them 
about the middle of. their height. The roadway is fup¬ 

ported by crofs joifts, which reft on a long horizontal 
fummer beany* This is connedled with the arches on 
each fide by uprights bolted into them. The whole is 
covered with a roof, which projects over the arches on 
each fide to defend them from the weather. Three of 

the fpaces between thefe uprights have ftruts or braces, 
which give the upper work a fort of truffing in that 

part. 
This conftrudion is Ample and artlefs ; and appears, 

by the attempt to trufs the ends, to be the performance 
of a perfon ignorant of principle, who has taken the 
whole notion from a ftone arch. It is, however, of a 
ftrength much more than adequate to any load that can 

be laid on it. Mr Coxe fays, but does not explain how, 

that it is fo contrived that any part of it can be. repair¬ 
ed 
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.Center. ec| Independent of the reft. It was the laft work of one 

v Onibenharnm of Tuffen, in the canton of Ap- 
penzei, a carpenter without education, hut celebrated 
for ft veral works of the fame kind ; particularly the 

bridge over the Rhine at Schafhanfen, confiding of two 
arches, one of 1 7 2 and the other of 193 feet fpan, both 
Jelling on a finall rock near the middle of the river. 

While writing this article, we got an account of a 
wooden bridge, eredfed in North America, in which 
this limple notion of Grubenhanim’s is mightily impro¬ 
ved. The fpan of the arch was faid to exceed 250 
feet, and its rife exceedingly fmall. The defeription 

we got is very general, but fufficient, we think, to make 
41 it perfedUy intelligible. 

Another In fig. 19. DD, EE, FF, are fuppofed to be three 
in North beams of the arch. They confift of logs of timber of 
AmerKa. pmap lengths, fuppofe of 10 or 12 feet, fuch as can be 

found of a curvature fuited to its place in the arch with¬ 

out trimming it acrofs the grain. Each beam is double, 
confiding of two logs applied to each other, fide to fide, 
and breaking joint, as the workmen term it. They are 
kept together by wedges and keys driven through them 
at fhort intervals, as at K, L, See. 

The manner of joining and ftrongly binding the two 

fide pieces of each beam is (hewn in fig. 20. The 
mortife aicb and dcio, which is cut in each half beam, 
is confiderably longeron the outfide than on the infide, 
where the two mortifes meet. Two keys, BB and 
CC, are formed, each with a notch bed, or at 0, on its 
fide ; which notch fits one end of the mortife. The in¬ 
ner fide of the key is ftraight, but fo formed, that when 
both keys are in their places, they leave a fpace between 
them wider at one end than the other. A wedge AA, 

having the fame taper as the fpace juft mentioned, is 
put into it and driven hard. It is evident that thismuft 
hold the two logs firmly together. 

This is a way of uniting timber not mentioned in 
the article Carpentry ; and it has fome peculiarities 
worthy of notice. In the firfl place, it may be employ¬ 
ed fo as to produce a very ftrong lateral connection, 
and would then co-operate finely with the other artifi¬ 
cial methods of fcarfing and tabling that we deferibed 
in the article referred to. But it requires nice attention 

to fome circumftances of conftru&ion to fecure this 
•effeCti If the joints are accurately formed to each 
other, as if the whole had been one piece divided by an 
infinitely thin faw, this manner of joining will keep them 

all in their places. But no driving of the wedge A A 
will make them firmer, or caufe one piece to prefs hard 

on the other. If the abutment of two parts of the half 
beam is already clofe, it will remain fo ; but if open in 
the fmalleft degree, driving of the wedge will not make 

it tighter. I11 this refpeCl, therefore, it is not fo pro¬ 
per as the forms deferibed in Carpentry. 

In order that the method now deferibed may have 
the effeCI of drawing the halves of the beams together, 
and of keeping them hard fqueezed on each other, the 
joints muft be made fo as not to correfpond exaCtiy. 
The prominent angle aio (fig. 21.), formed by the 
ends of the two half mortifes, muft be made a little 
more obtufe than the angle afo of the notch of the 

key which this prominence is intended to fill up. More¬ 
over, the oppofite fide et of this key (hould not be 
.quite ftraight, but a very little convex. With thefe 
■precautions, it is eafy to fee that, by driving the wedge 

AA, we caufe the notch afo to take hold, firfi at the Center, 
two points a and 0, and then, by continuing to drive 
the wedge, the fides af, of, of the notch gradually 
comprefs the wood of the half beams, and prefs them 
on each other. By continuing to drive the wedge, the 

mutual compreftiori of the key and the beam fqueezes 
all together, and the fpace af o i is completely filled up. 
We may fee, from this procefs, that the mutual com- 
preffion and drawing together of the timber will be 

greater in proportion as we make the angle aio more 
prominent, and its correfponding angle afo more deep ; 
always taking care that the key (hall be thick enough 
not to break in the narrow part. 

This adjuftment of the keys to the mortife is necef- 
fary on another account. Suppofing the joints to fit 
each other exadlly before driving the wedge, and that 

the whole (brinks a little by drying—by this the angle 
aio will become more prominent, and the angle afo 
will become more (hallow ; the joint will open at a and 
0, and the mutual compreffure will be at an end. 

Wre may alfo obferve, that this method will not give 

any additional firmnefs to the abutments of the different 
lengths employed to piece out the arch-beam; in which 
refpedl it differs materially from the other modes of 
joining timber. 

Having (hewn how each beam is pieced together, we 
muft now (hew how a number of them are united, fo 
as to compofe an arch of any thicknefs. This is done 
in the very fame way. The beams have other mortifes 
worked out of their inner fides, half out of each half 
of the beam. The ends of the mortifes are formed in 
the fame way with thofe already deferibed. Long 
keys BB, CC, (fig. 19.) are made to fit them properly, 
the notches being placed fo as to keep the beams at a 
proper diftance from each other. It is now plain that 
driving in a long wedge AA will bind all together. 

In this manner ftiay an arch be extended to any fpan, 
and made of any thicknefs of arching. The bridge 
over Portfmouth river in North America was more 
than 250 feet in length, and confided of feveral parallel 
arches of beams. The inventor (we think that his name 
is Bludget) faid that he found the ftrength fo great, 
that he could with perfect confidence make one of four 
times the fpan. 

We admire the ingenuity of this conftruftion, and 
think it very effectual for bringing the timbers into firm 

and uniform abutment; but we imagine that it requires 
equilibration, becaufe it is extremely flexible. There is 
nothing to keep it from bending, by an inequality of 
load, but the tranfverfe ftrength of the beams. The 
keys and wedges can have very little power to prevent 
this bending. The diftance between the beams will 

alfo contribute little or nothing to the ftiffnefs ; nay, 
we imagine that a great diftance between' them will 
make the frame more flexible. Could the beams be 
placed fo near each other that they could be fomehow 
joggled on each other, the whole would be differ; but 
at prefent they will bend like the plates of a coach- 
fpring. But nothing hinders us from adding diagonal 
pieces to this conftru&ion, which will give it any de¬ 
gree of ftiffnefs, and will enable it to bear any inequali¬ 
ty of loading. When completed in this manner, we 
imagine that it will be at lead equal to any conftruc- 
tion that has yet been thought of. One advantage it 

poffeffes that is very precious: Any piece that fails 

may 
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Center, may be taken out, and replaced by another, 

-v—* difturbing the reft, and without the fmalleft rifle. On 
the whole, we think it a very valuable addition to Bri- 
tifh carpentry. The method here pra&ifed, both for 
joining the parts of one beam and for framing the dif¬ 
ferent beams together, fuggefts the moft firm and light 
conftru&ions for dome-roofs that can be conceived ; 
incomparably fuperior to any that have yet been ereCl- 
ed. The whole may be framed, without a nail or a 
fpike, into one net-like fhell that cannot even be pulled 
in pieces. We may perhaps confider this in another ar¬ 
ticle ; at prefent we return to the confideration of truff- 
ed bridges. 

When the width of the river exceeds what is thought 
practicable by a fingle trufs, we muft then' combine, 
either by fimple addition, or by compofition, different 
truffes together. We compofe a bridge by fimple ad¬ 
dition when we make a frame of carpentry of an un¬ 
changeable and proper fhape, to ferve as one of the 
archftones of a bridge of mafonry. This may eafily 
bef comprehended by looking at fig. 22. Each of the 
frames A, B, C, D, muft be confidered as a feparate 
body, and all are fupported by their mutual abutment. 
The nature of the thing is not changed, although we 
fuppofe that the rails of the frame B, inftead of being 
mortifed into an upright b' b'9 unconnected with the 
frame C, is mortifed into the upright c c of that frame, 
the direction and intenfity of the mutual prefTures of 
the two frames are the fame in both cafes ; accordingly 
this is a very common form of fmall wooden bridges. 
It is ufual, indeed, to put diagonal battens into each : 
but we believe that this is more frequently done to 
pleafe the eye than to produce an unalterable fhape of 
each frame. 

To an unfkilful carpenter this bridge does not feem 
eflentially different from the centering of Mr Hupeau 
for the bridge of Orleans; and indeed, in many cafes, 
it requires reflection, and fometimes very minute reflec¬ 
tion, to diftinguifh between a conftruCtion which is only 
an addition of frame to frame till the width be covered, 
from a conftruCtion where one frame works on the ad¬ 
joining one tranfverfely, pufhing it in one part, and 
drawing it in another. The ready way for an unletter¬ 
ed artift to form a juft notion of this point, is to exa¬ 
mine whether he may faw through the connecting piece 
V b' from one end to the other, and make them two 
feparate frames. Whenever this cannot be done with¬ 
out that part opening, it is a conftruCtion by compofi¬ 
tion. Some of the beams are on the ftretch ; and iron 
{traps, extending along both pieces, are neceffary for fe- 
curing the joint. The bridge is no longer a piece of 
mafonry, but a performance of pure carpentry, depend¬ 
ing on principles peculiar to that art. Equilibration is 
neceffary in the firft conftruCtion ; but, in the fecond, 
any inequality of loading is made ineffectual for hurt¬ 
ing the edifice, by means of the ftretch that is made to 
operate on fome other piece. We are of opinion, 
that this moft fimple employment of the dfftfnguifhing 
principle of carpentry, by which tlie beams are made 
to aCt as ties, will give the moft perfeCt conftruCtion 
of a wide bridge. One polygon alone fhould contain 
the whole of the abutments; and one other polygon 
fhould confiit entirely of ties; and the beams which 
form the radii, connecting the angles of the two poly¬ 
gons, complete the whole. By confining the atten- 
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without tion to thefe two fimple objeCts, the abutments of the Center. 

outer polygon, and the joints of the inner one, may be ~v—^ 
formed in the moft fimple and efficient manner, without 
any collateral connections and dependencies, which di¬ 
vide the attention, increafe the complication, and com¬ 
monly produce unexpected and hurtful ftrains. It was 
for this reafon that we have fo frequently recommended 
the centering of the bridge of Orleans. Its office will 
be completely performed by a trufs of the form of fig. 
23. ; where the polygon ABCDEF, confifting of two 
layers of beams (if one is not fufficient), contains the 
whole abutments, and the other A^rrt^F'is nothing 
but an iron rod. I11 this conftruCtion, the obtufenefs 
of the angles of the lower polygon is rather an advan¬ 
tage. The braces Gr, G d> which are wanted for truff- 
ing the middle of the outer beams, will effectually fe- 
cure the angles of the exterior polygon againft all rifle ^ 
of change. The reader muft perceive that we have The beft 

now terminated in the conftruCtion of the Norman roof, general 
We indeed think it the belt general form, when fome^J^°^a 
moderate declivity is not an infuperable objection. When 
this is the cafe, we recommend the general plan of the 
centering of the bridge of Orleans. We would make 
the bridge (we fpeak of a great bridge) confill of four 
trufles ; two to ferve as the outfides of the bridge, and 
two inner trufles, feparating the carriage-way from the 
foot-paths. The road ffiould follow the courfe of the 
lower polygon, and the main trufs fhould form the rails. 
It might look flrange ; but we are here fpeaking of 
ftrength; and evident, but not unwieldy, ftrength, once 
it becomes familiar, is the furefl fource of beauty in all 
works of this kind. 

Centre of Friftion, is that point in the bafe of a 
body on which it revolves ; into which, if the whole 
furface of the bafe, and the mafs of the body, were 
collected, and made to revolve about the centre of the 
bafe of the given body, the angular velocity deftroyed 
by its friCtion would be equal to the angular velocity 
deltroyed in the given body by its friCtion in the fame 
time. See Friction in this Supplement. 

Centre of Gyration, is that point in which, if the 
whole mafs be collected, the fame angular velocity will 
be generated in the fame time, by a given force aCting 
at any place, as in the body or fyftem itfelf. This point 
differs from the centre of ofcillation, in as much as in 
this latter cafe the motion of the body is produced by 
the gravity of its own particles; but, in the cafe of the 
centre of gyration, the body is put in motion by fome 
other force aCting at one place only. 

Centre of Ofcillation, is that point in the axis or line 
of fufpenfion of a vibrating body, or fyftem of bodies, 
in which, if the whole matter or weight be collected, 
the vibrations will ftill be performed in the fame time, 
and with the fame angular velocity, as before. Hence, 
in a compound pendulum, its diftance from the point 
of fufpenfion is equal to the length of a fimple pendu¬ 
lum whofe ofcillations are ifoclxronal with thofe of the 
compound one. 

Centre of Prcjfure, of a fluid againft: a plane, is that 
point againft which a force being applied equal and 
contrary to the whole preflure, it will juft fitftain it, fo 
as that the body preffed on will not incline to either 
fide.—This is the fame as the centre of percufiion, fup- 
pofing the axis of motion to be at the interfeCtion of 
this plane with the furface of the fluid ; and the'centre 
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Centroba* of prefTure upon a plane parallel to the horizon, or upon 

rico any plane where the prefTure is uniform, is the fame as 

Chamber*1 the centre of gravity of that plane. 
. ^ ! CENTROBARICO, the fame as centre of gravity. 

CENTROBARIC Method, is a method of deter, 

mining the quantity of a furface or folid, by means of 
the generating line or plane and its centre of gravity. 
The do&rine is chiefly comprifed in this theorem : 

Every figure, whether fuperficial or folid, generated 

by the motion of a line or plane, is equal to the pro- 
du£ of the generating magnitude and the path of its 
centre of gravity, or the line which its centre of gra¬ 

vity defcribes. 
CERUSE, or White-lead, is a fubftance fo much 

ufed in painting, and for other purpofes, that numerous 
modes have been employed for the preparation of it. 
Of the moft common of thcfe, a fufficient account has 
been given in the Encyclopaedia (fee Ceruse, and the 
fame word Chemistry-Z/i^A* but Lord Dundonald 
has difcovered a more expeditious and facile method- 
than any of them, which becomes the more ufeful, 
as the fubftance with which it is effected has been hi¬ 
therto rejeCted by the chemical world as a caput mor- 

tuum. 
His lordfhip dire&s common lead to be reduced to a 

calx, but not too fine, and to have a proportion of five- 
iixth parts thereof, intimately mixed with muriat, or 
folution of potafs. In this ftate, he direCts it to be 
frequently flirred, in order to have the new furfaces of 
the mixture expofed to the carbonic acid of atmofpheric 
air ; as his lordfhip obferves, that the effeCts of the car¬ 
bonic acid on the alkali exifting in the prefent ftate of 
the mixture is effentially neceffary, in order to effeCt the 
intended purpofe. In this ftate it is to be frequently 
fprinkled with water, and, after the calx has been long 
enough immerfed with the muriat to be fufficiently o- 

perated upon, the muriat is to be levigated by common 
water from the calx, and to be concentrated by evapo¬ 

ration, in order to be made ufe of at a future period 
with other calx. The calx is to be afterwards ground, 

levigated, and dried for ufe. 
For this difcovery, his lordfhip obtained a patent on 

the 18th of Auguft 1797 ; and the fuccefs which has 
attended the former patents of this fcientific nobleman 

leads us to conclude, that the prefent difcovery is entit¬ 

led to the attention of the public. 
CHAMBERS (Sir William), the celebrated archi¬ 

tect, was defcended of the ancient family of Chalmers in 
Scotland, barons of Tartas in France. His grandfather 

fuffered confiderably in his fortune by fupplying Charles 
XII. of Sweden with money, &c. which that monarch 
repaid in bafe coin. Sir William’s father refided feveral 
years in Sweden to recover his claims; and there Sir Wil¬ 
liam was bortf, and, at eighteen years of age, appointed 
fupercargo £0 the Swedifh Eaft India company. From a 
voyage which he made to China, he brought home the 
Afiatic ftyle of ornament, in tents, temples, rnofques, and 
pagodas. Thefe ornaments (through the intereft of Lord 
Bute) he was enabled to apply ip the gardens at Kew. 
Patronifed by the princefs dowager and the king, Mr 
Chambers had much of the fafhionable bufinefs of the 
day. Under Burke’s reform, he was appointed furvey- 
or general of the board of works. Somerfet-houfe was 
worth to him at leaft L. 2000 a-year. His Chef d'ceuvres 
arehisftaircafes, particularlythofe at LordBefborough’s, 
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Lord Gower’s, and the Royal and Antiquarian Socie- Chamfer; 

ties. The terrace behind Somerfet-houfe is a bold ef- ^iara<^ri 
fort of conception. His deligns for interior arrange¬ 
ments were excellent. His Treatife on Civil Architec¬ 
ture alone will immortalize his name. In private life, 
Sir William was hofpitable, kind, and amiable. His fon 
married Mifs Rodney ; Mr Cotton, Mr Innis, and Mr 
Harward, married his beautiful daughters. Having 
been abftemious in his youth, Sir William’s conftitution 
did not begin to break till he was feventy years of age. 
For the laft three years, he was kept alive by wine and 
oxygenated air; and died on the 5th of March 1796. 
His celebrity will be lafting in the works which he has 
left ; and as he was equally {filled in the theory and 
praCtice of the arts which he profeffed, his precepts are 
as valuable as his works. At his death, he was fellow 
of the Royal and Antiquarian Societies, treafurer of 
the Royal Academy, furveyor-general of the board of 

works, and knight of the Swedifh order of the Polar 

Star.. 
CHAMFER, or Chamferet, an ornament in ar¬ 

chitecture, confifting of half a fcotia ; being a kind jof 
fmall furrow or gutter on a column. 

Universal CHARACTERS, could they be in¬ 
troduced, would contribute fo much to the diffufion of 
ufeful knowledge, that every attempt to make fuch a 

fcheme fimple and practicable is at leaft intitled to no¬ 
tice. Accordingly, in-the Encyclopedia Britannica, un¬ 
der the word Character, a fhort account is given of 
the principal plans of univerfal characters which had 
then fallen under our obfervation ; but lince that article 
was publifhed, a new method of writing, by which the 
various nations of the earth may communicate their 
fentiments to each other, has been propofed by Thomas 
Northmore, Efq; of Queen-ftreet, Mayfair. It bears 
fome refemblance to that which we have given from the 

Journal Literaire> 1720, but it is not the fame ; and of 
the two, Mr Northmore’s is perhaps the moft ingenious. 
The ground-work of the fuperftruCture differs not in¬ 
deed from that of the journalift, being this in both, 
“ That if the fame numerical figure be made to repre- 
fent the fame word in the various languages upon earth, 
an univerfal character is immediately obtained.” The 
only objection which the author or his friends faw to 
fuch a plan, originates in the diverfity of idioms ; but, 
as he truly obferves, every fclioolboy has this difficulty 
to encounter as often as he conftrues Terence. 

Such then was Mr Northmore’s original plan : but he 
foon perceived that it was capable of confiderable im¬ 
provement; for, inftead of ufmg a figure for every word, 
it will be neceffary to apply one only to every ufeful 
word ; and we all know how few words are abfolutely 
neceffary to the communication of our thoughts. Even 
thefe may be much abbreviated by the adoption of cer¬ 
tain uniform fixed figns (not amounting to above 20), 
for the various cafes, numbers, genders, degrees of com- 
parifon, of nouns, tenfes, and moods of verbs, &c. All 
words of negation, too, may be expreffed by a prefixed 
fign. A few inftances will beft explain the author’s 

meaning. 
Suppofe the number 5 to reprefent the word fee. 

8 — 

a man, 
happy, 
never, 

L 
“ I 
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“ I would then (fays he) exprcfs the tenfes, genders, 

cafes, &c. in all languages, in fome fuch uniform manner 

as following ; 

(0 s = prefent tenfe, — fee, 

U) -5 — perfect tenfe, — faw, 

(3) =5 3= pcrfeCl participle, • — feen, 

(4) 5 = — prefent participle, — feeing, 

(5) 5- — future, — —- will fee, 

(6) JL = fubjlantive, — fight, 

(7) 5 3= perfonal fuhjlantive, — fpe&ator, 

(8) « 3= nominative cafe, — a man, 

(9) 6 = genitive, — — of a man, 

(«°) 1 3Z dative, — — to a man, 

(11) 6 = feminine, a woman, 

(l2)+6 — plural, — — men, 

(13) 7 3= pofitive, — happy, 

(14) 7 ZZ comparative, — happier, 

US) 7 3= fuperlative, — happieft, 

7 3= as above, No. 6. — happinefs, 

(i6)-7 — negation, — — unhappy. 

« prom the above fpecimen, I fhould find no difficul¬ 
ty in comprehending the following fentence, though 

it were written in the language of the Hottentots • 

g9 8, _7, *6? I never faw a more unhappy woman. 

tt phofe languages which do not ufe the pronoun 

prefixed to the verb, as the Greek and Roman, &c. 
may apply it, in a fmall chara&er, fimply to denominate 
the perfon; thus, inftead of 9, 8, .5, I never faw ; 
they may write, 8, 9.5* which will fignify that the 
verb is in the firft perfon, and will ftill have the fame 

meaning.” 
Our author feems confident that, according to this 

fcheme of an univerfal chara&er, about 20 figns, and 

lefs than 10,000 chofen words (fynonyms being fet a- 
fide), would anfwer all the ends propofed ; and that fo¬ 
reigners, by referring to their numerical dictionary, 
would eafily comprehend each other. He proceeds next 

to fhew how appropriate founds may be given to his 
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figns, and an univerfal living language formed from the Charters 
univerfal characters. # # Cheniin. 

To attain this end, he propofes to diftinguifli the ten . . _ i 

numerals by ten monofyllabic names of eafy pronouncia- 
tion, and fuch as may run without difficulty into one 
another. To illuftrate his fcheme, however, he calls 
them, for the prefent, by their common Engliffi names ; 
but would pronounce each number made ufe of by ut¬ 
tering feparately its component parts, after tlic manner 

of accountants. Thus let the number 6943 reprefent 
the word horfe, he would not, in the univerfal language, 
call a horfe fix thoufand nine hundred and forty-three, but 

fix, nine, four, three, and fo on for all the words of a 
fentence, making the proper flop at the end of each. 
In the fame manner, a diflin& appellation muft be ap¬ 
propriated to each of the prefixed figns, to be pronoun¬ 
ced immediately after the numeral to which it is an ap¬ 
pendage. Thus if plu be the appellation or the fign of 
the plural number,^*, nine, four, three,plu will be horfes. 

“ Thus (fays our author), I hope it is evident that 
about 30 or 40 diftin& fyllables are fufficient for the 
above purpofe ; but 1 am much miftaken if eleven only 
will not anfwer the fame end. This is to be done by 
fubftituting the firft 20 or 30 numerals for the figns, 
and faying, as in algebra, that a term is in the power of 
fuch a number, which may be exprefled by the fimple 
word under. Ex. gr. Let 6943 reprefent the word 
horfe ; and fuppofe four to be the fign of the plural 

number, I would write the word thus, zvzt 5 a°d Pro“ 
nounce it, fix, nine, four, three, in the power of or under 
four. By thefe means eleven diftin& appellations would 
te fufficient, and time and ufe would much abbreviate 

the pronunciation.” 
To refufe the praife of ingenuity to this contrivance 

for an univerfal language would be very unjuft ; but 
elocution in this manner would be fo very tedious, that 
furely the author himfelf, when he thinks more coolly 
on the fubje&, will perceive, that in the living fpeech 
its defe&s would more than balance its advantages. A 
pangraph, as he calls his univerfal chara&er, would in¬ 
deed be ufeful, and is certainly pra&icable ; a panleg 
(if we may form fuch a word) would not be very ufeful, 
unlefs it were much more perfe& than it could be made 
according to the plan before us. 

CHAUSETRAPPES. See Crowds Feet, EncycL 
CHEMIN des Ronds, in fortification, the way of 

the rounds, or a fpace between the rampart and the low 

parapet under it, for the rounds to go about it. 

D d 2 CHEMISTRY, 
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CHEMISTRY, 
T 

Definition. TS a fclence, the objed of which is to afcertain the 
■* ingredients that enter into the compofition of bodies, 
to examine the nature of thefe ingredients, the manner 
in which they combine, and the properties refulting 
from their combination. 

As an art, it has been in fome meafure coeval with 
the human race ; for many of the moft important 
branches of manufactures could not have been conduct¬ 
ed without at leaft fome knowledge of chemical combi¬ 
nations. As a fcience, it can hardly be dated farther 
back than the middle of the 17th century; but fince 
that time it has advanced with a rapidity altogether un¬ 
precedented in the annals of philofophy. Newton laid 
its foundation ; and fince his days an almoft incredible 
number of the moft diftingui/hed names in Europe have 
enlifted under its banners. So rapid has this progrefs 
been, that though the article Chemistry in the Ency¬ 

clopedia Britcinnica was written only about ten years 
ago, the language and reafoning of chemiftry have been 
fo greatly improved, and the number of fads have ac¬ 
cumulated fo much, that we find ourfelves under the 
neceffity of tracing over again the very elements of the 

a fcience. 

Importance Indeed, if we confider the importance of chemiftry, 
of chemif- we /hall not be fo much furprifed at the ardour with 

which it has been cultivated. As a fcience, it is inti¬ 
mately conneded with all the phenomena of nature ; 
the caufes of rain, fnow, hail, dew, wind, earthquakes : 
even the changes of the feafons can never be explored 
with any chance of fuccefs while we are ignorant of 
chemiftry ; and the vegetation of plants, and fome of 
the moft important fundions of animals, have received 
all their illuftration from the fame fource. No ftudy 
can give us more exalted ideas of the wifdom and good- 
uefs of the Great Firft Caufe than this, which (hews us 
everywhere the moft aftonifhing effeds produced by 
the moft fimple though adequate means, and dis¬ 
plays to our view the great care which has everywhere 
been taken to fecure the comfort and happinefs of every 
living creature. As an art, it is intimately connected 
with all our manufactures : The glafs-blower, the pot¬ 
ter, the fmith, and every other worker in metals, the 
tanner, the foap-maker, the dyer, the bleacher, are real¬ 

ly practical chemifts ; and the moft efTential improve¬ 
ments have been introduced into all thefe arts by the 
progrefs which chemiftry has made as a fcience. Agri- 
culture can only be improved rationally and certainly 
by calling in the afiiftance of chemiftry ; and the ad¬ 

vantages which medicine has derived from the fame 
fource are too obvious to be pointed out. 3 

It is evident from the definition of chemiftry that it Arrangc- 

muft confift in a hiftory of the fimple fubftances which ment* 
enter into the compofition of bodies, in an inveftigation 
of the manner in which thefe fubftances combine, and 
in a defeription of the properties of the compounds 
which they form. And this is the arrangement which 
we mean to purfue ; referving to ourfelves, however, the 
liberty of deviating a little from it, whenever it may 
appear neceftary for the fake of perfpicuity. All our 

claflifications are in fad artificial; nature does not know 
them, and will not fubmit to them. They are ufeful, 
however, as they enable us to learn a fcience fooner, and 
to remember it better ; but if we mean to derive thefe 
advantages from them, we muft renounce a rigid adhe¬ 
rence to arbitrary definitions, which nature difclaims. 

We /hall begin by an account of the fimpleft bodies, 
and proceed gradually to thofe which are more com¬ 
pound. By fimple bodies, we do not mean what the an¬ 
cient philosophers called the elements of bodies, but mere¬ 
ly fubftances which have not yet been decompounded. 
Very poftibly the bodies which we reckon fimple may 
be real compounds ; but till this has adually been pro¬ 
ved, we have no right to fuppofe it. Were we acquaint¬ 
ed with all the elements of bodies, and with all the 
combinations of which thefe elements are capable, the 
fcience of chemiftry would be as perfed as pofiible ; but 
at prefent this is very far from being the cafe. 

We /hall divide this article into four parts. The frfl 

part /hall treat of thofe bodies "which are at prefent con¬ 
sidered as fimple; the fecond, of thofe bodies which are 
formed by the union of two fimple bodies, and which, 
for want of a better word we /hall call compound bodies ; 

the third, of thofe bodies which are formed by the union 
of two compound bodies ; and the fourth, of bodies fuch 
as they are prefented to us by nature in the mineral, ve¬ 
getable, and animal kingdoms. 

Part I. Of SIMPLE BODIES. 

C’a/fes of A LL the bodies which are at prefent reckoned fim- 
fimple bo- pie, becaufe they liaye never been decompounded, 

dies' may be reduced into fix cla/Tes. 

1. Oxygen, 4. Earths, 

2. Simple combuftibles, 5. Caloric, 
3. Metals, 6. Light. 

Thefe /hall form the fubjeds of the fix following 
chapters. 

Chap. I. Of Oxygen. 

Tte'e Take a quantity of nitre, or faltpetre, as it is alfo 
XVIII. called, and put it into a gun-barrel A (fig. 1.), the 

touch-hole of which has been previoufly clofed up with Method pf 

metal. This barrel is to be bent in fuch a manner, Procurin£ 
that while the clofe end, in which the nitre lies, is put°x^en* 
into the fire E, the open end may be plunged below the 
furface of the water, with which the vefiel B is filled. 
At the fame time, the glafs jar D, previoufly filled with 
water, is placed on the fupport C, lying at the bottom 
of the ve/Tel of water B, fo as to be exadly over the 
open end of the gun-barrel A. As foon as the nitre 
becomes hot, it emits a quantity of air, which iftuing 
from the end of the gun-barrel, afeends to the top of 
the glafs jar D, and gradually difplaces all the water. 
The glafs jar D then appears to be empty, but is in fad 

filled with air. It may then be removed in the follow¬ 

ing 
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oxygen.* ing manner: Slide It away a little from the gun-barrel 

and the fupport, and then dipping any flat difh into the 

water below it, raife it on it, and bear it away. 1 he 
difh mull be allowed to retain a quantity of water in it, 
(fee fig. 2.) Another jar may then be filled with air 
in the fame manner ; and this procefs may be continued 
either till the nitre ceafes to give out air, or till as many 
jarfuls have been obtained as are required. This me¬ 
thod of obtaining and confining air was firft invented 
by Dr Mayow, and afterwards much improved by Dr 
Hales. All the airs obtained by this or any other 
procefs, or, to fpeak more properly, all the airs differ- 
ing from the air of the atmofphere, have, in order to di- 
flinguifh them from it, been called gafes, and this name 

. we fhall afterwards employ, 
rrr 6 The gas which we have obtained by the above pro- 
Sweftleycefs was difcovered by Dr Prieftley on the 1 ft of Au- 

and Scheele. £Uft 1774, and called by him dephlogijlicatedatr. 
Scheele of Sweden difcovered it in 1775, without any 
previous knowledge of what Dr Prieftley had done : he 

gave it the name of empyreal air. Condorcet, co”‘ 
fpicuous during the French revolution, gave it firit the 
name of vital air ; and Mr Lavoifier afterwards called 

it oxygen gas ; a name which is now generally received, 

and which we fhall adopt. 
Oxygen gas may be obtained likewife by the tollow- 

(in fig. 3.) reprefents a wooden trough, the infide 

of which is lined with lead or tinned copper. AB is a 
fhelf running along the infide of it, about three 1 scries 
from the top. C is the cavity of the trough, which 
ought to be a foot deep. It is to be filled with water 

at leaft an inch above the fhelf AB. In the body o 
the trough, which may be called the ciftern, the jais 
deftined to hold gas are to be filled with water, and then 
to be lifted, and placed inverted upon the fhelf at B, 
with their edges a little over it. This trough, winch was 
invented by Dr Prieftley, has been called by the trench 
chemifts the pneumato-chemical, or fimply pneumatic appa¬ 
ratus, and is extremely ufeful in all experiments m which 
gafes are concerned. Into the glafsveffel E put a quan¬ 
tity of the black oxide (a) of manganefe in powder, and 
pour over it as much of that liquid which in commerce 
is called oil of vitriol, and in chemiftry fulphuric acid, as 
will fomewhat more than cover it. Then mfert into 
the mouth of the vefiel the glafs tube F, fo clofely that 
no air can efcape except through the tube. This may 
be done by covering the joining with a pafte made 01 
wheat-flour and water, or any other lute, as fubftances 
ufed for fimilar purpofes are called. The end of the 
tube C is then to be plunged into the pneumatic appa¬ 
ratus D, and the jar G, previoufly filled with water, to 
be placed over it on the fhelf. The whole apparatus be¬ 
ing fixed in that fituation, the glafs veffei E is to be 
heated by means of a lamp or a candle. A great quan¬ 
tity of oxygen gas rufh'es along the tub F, and fids the 
jar G. As foon as the jar is filled, it may be flid to an¬ 
other part of the fhelf, and other jars fubftituted m its 

8 place, till as much gas has been obtained as is wanted. 
Properties. Oxygen gas is colourlefs, and invifible like com. 
of oxygen. * 

X S T R Y. 
mon air. Like it too, it is elaftic, and capable of in 
definite expanfion and comprefiion. 

213 
Oxygen. 

7 
Another 
method. 

H. 

3 
o 
o 

unite expauuuu <mu 9 
2. If a lighted taper be let down into ajar of oxgen $upports 

gas, it burns with fuch fplendor that the eye can fcarce-flame, 

ly bear the glare of light, and at the fame time time pro¬ 
duces a much greater heat than when burning in com¬ 
mon air. It is well known that a candle put into a well 
clofed jar, filled with common air, is extinguifhed in a 
few feconds. This is the cafe alfo with a candle enclo- 
fed in oxygen gas ; but it burns much longer in an equal 

quantity of that gas than of common air. 10 

a. It was proved long ago by Boyle, that animals can- And Hie. 

not live without air, and by Mayow that they cannot 
breathe the fame air for any length of time without fuf- 
focation. Dr Prieftley and feveral other philofophers 
have fhewn us, that animals live much longer in the 
fame quantity of oxygen gas than of common air. 
Count Morozzo placed a number of fparrows, one after 
another, in a glafs bell filled with common air, and in¬ 
verted over water. 

The firft fparrow lived 

The fecond 
The third 

He filled the fame glafs with oxygen gas 

peated the experiment. 
The firft fparrow lived 

The fecond 
The third 
The fourth 
The fifth 
The fixth 
The feventh 
The eighth 
The ninth 
The tenth - ... 

He then put in two together; the one died in 2C rai- 

nutes, but the other lived an hour longer. ,T. 
4. Atmofpherical air contains about 27 parts m the^^ 

hundred of oxygen gas. This was fiift difcovered by jp)ierc 
Scheele. It has been proved by a great number of ex¬ 
periments, that no fubftance will burn in common air 

previoufly deprived of all the oxygen gas which it con¬ 
tained but combuftibles burn with great fplendor in 

oxygen gas, or in other gafes to which oxygen gas ha3 
been added. Oxygen gas then is abfolutely neceffary 
for combuftion. . 

5. It has been proved alfo, by many experiments, that 
no breathing animal can live for a moment in any air or 
gas which does not contain oxygen mixed with it. Oxy¬ 

gen gas then is abfolutely neceffary for refpiration. 
6 When fubftanc?s are burnt m oxygen gas, or in 

any other gas containing oxygen, if the air be examined 
after the combuftron, a great part of the oxygen will oe 
found to have difappeared. If charcoal, for inftance,*. 

be burnt in oxygen gas, there will be found, inftead of' 
part of the oxygen, another very different gas, known by - 
the name of carbonic acid gas. Exactly the fame thing 
takes place when air is refpired by animals ; part of the 
oxygen gas difappears, and its place is occupied by fub- 

. fiances poffeffed of very different properties.. Oxygen 

M. 
o 

3 
1 

and 

H.* M. 
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3° 
10 

3° 
47 
27 

3° 
22 
2f 

(a) This fubftance fhall be afterwards defenbed. 

ufe with bleachers and feveral other manufadurers. 

It is now very well known in Britain, as it is in commons 
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Its fpecific 
gravity. 
* On Phlo- 

g\jian% fe&. i, 

13 
Affinity ex¬ 
plained. 

C HEMI 
gas then undergoes Tome change during combuftion, as 

well as the bodies which have been burnt; and the fame 
obfervation applies alfo to refpiration (b). 

7. The fpecific gravity of oxygen gas, a3 determined 
by Mr Kirwan *, is 0,00135, that of water being 
i ,cooo, as is always the cafe when fpecific gravity is 

’mentioned ahfolutely. Lt is therefore 740 times lighter 
than the fame bulk of water. Its weight to atmofphe- 
rical air is as 1103 to ioco : 116 cubic inches of oxy¬ 
gen gas weigh 39,03 grains troy, 116 cubic inches of 
common air, 35,38 grains. 

8. Oxygen is capable of combining with a great num¬ 
ber of bodies, and forming compounds. As the com¬ 
bination of bodies is of the utmoft importance in che- 
miftry, before proceeding farther -we fhall attempt to 

explain it. When common fait is thrown into a veffel 
of pure water, it melts, and very foon fpreads itlelf 
through the whole of the liquid, as any one may con¬ 
vince himfelf by the tafte. In this cafe the fait is com¬ 
bined with the water, and cannot afterwards be fepara- 
ted by filtration or any other method merely mechani¬ 
cal. It may, however, by a very fimple procefs: Pour 
into the folution a quantity of fpirit of wine, and the 
whole of the fait inflantly falls to the bottom. 

Why did the fait diffolve in water, and why did it 
fall to the bottom on pouring in fpirit of wine ? Thefe 
queftions were fir ft a^fwered by Sir Ifaac Newton. 
There is a certain attraction between the particles of 
common fait and thofe of water, which caufes them to 
unite together whenever they are prefented to one ano¬ 
ther. There is an attraction alfo between the particles 
of water and of fpirit of wine, which equally difpofes 
them to unite, and this attraction is greater than that 
between the water and fait; the water therefore leaves 
the fait to unite with the fpirit of wine, and the fait be¬ 
ing now unfupported, falls to the ground by its gravi¬ 

ty. This power, which difpofes the particles of diffe¬ 
rent bodies to unite, was called by Newton attraction, 
by Bergman, elective attraction, and by many of the Ger¬ 
man and French chemifts, affinity; and this lafl term we 
fhall employ, becaufe the other two are rather general. 
All fubftances which are capable of combining together 
are faid to have an affinity for {c) each other: thofe 
fubftances, on the contrary, which do not unite, are 
faid to have no affinity for each other. Thus there is 
no affinity between water and oil. It appears from the 
in fiance of the common fait and fpirit of wine, that fub¬ 
ftances differ in the degree of their affinity for other 

fubftances, fince the fpirit of wine difplaced the fait and 

Part T. 
Oxygen. 

S T R Y, 
united with the water. Spirit of wine therefore has a 
ilronger affinity for water than common fait has. 1 ~ p II 

In 1 7T9 GeofFroi invented a method of reprefenting 
the different degrees of affinities in tables, which he 
called tables of affinity. His method confided in pla¬ 
cing the fubftances whofe affinities were to be afcertain- 
ed at the top of a column, and the fubftances with which 
it united below it, each in the order of its affinity ; the 
fubftance which had the flrongeft affinity next it, and 
that which had the weakeft fartheft diftant, and fo of 
the reft. According to this method, the affinity of 
water for fpirit of wine and common fait would be 
marked as follows ; 

Water, 

Sirit of wine. 

Common fait. 

This method lias been univerfally adopted, and has con¬ 
tributed very much to the rapid progrefs of che- 
miftry. ,4 

We fhall proceed therefore to give a table of the af- Affinitiesef 
finities of oxygen. oxygen. 

Oxygen, 

Carbon,. 

Zinc, 
Iron, 

Manganefe, 
Hydrogen, 
Azot, 
Sulphur, 

Phofphorug, 
Cobalt, 
Nickel, 
Lead, 
Tin, 

Phofphorous acid, 
Copper, 
Bifmuth, 

Antimony, 
Mercury, 
Silver, 

Arfenic, 
Sulphurous acid, 
Oil, 
Nitrous gas, 
Gold, 

White oxide of arfenic. 
Muriatic acid, 
Oxide of tin. 

White 

(b) Mayow had in the laft century made confiderable progrefs towards the difcovery of oxygen gas. He knew 
that only a part of the air fupported combuftion : ThiVpart he calledparticula igneo-aerea. He knew that this part 
was contained in nitre*: “ Pars nitri aerea nihil aliud quam particulse ejus igneo-aerese eft.” He adds, “ At non eft 
eftimandum pabulum igneo-aereum ipfum aerem elfe, fed tantum partem ejus majus a&ivam fubtilemque. Quippe 
lucerna vitro inclufa expirat cum tamen copia aeris iatis ampla in eodem continetur.” He knew alfo that it was 
this part of the air which was ufeful in refpiration. After mentioning feveral experiments to prove this, he adds, 
“Ex didis certo con ft at animalia refpirando particulas quafdam vitales eafque elafticas ab aere haurire.” See his 
TraClatus quinque Medico-Pbyftci, p. 12. and 106.—He knew alfo that this part of the air was neceffary to com¬ 
buftion : “ Et tamen certo conftat, particulas nitro-aereas non minus quam fulphureas ad ignem conflandum ne- 

'celfareas effe.” Ibid, p. 26. 

(c) We are not certain that the phrafe affinity for is warranted by claffical authority ; we have ventured, 
however, to ufe it, becaufe, as the word affinity in this article fignifies a fpecies of attra&ion, vve thought it would 
be more perfpicuous to put after it the prrepofition/or, which ufually follows the word attradion, than to or with, 
which come after affinity when ufed in its ordinary acceptation. 
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Sulphur. White oxide of lead ? 

v— ; Nitrous acid, 
White oxide of manganefe, 

Water. 
The reafon of this order will appear when we treat 

of thefe various fubftances. 

Chap. II. O/'Simple Combustible Bodies. 

Five fnnple By combujlibles, we mean fubftances capable of com- 
combufti- bullion ; and by Jiniple combujlibles, bodies of that na¬ 

ture which have not yet been decompounded. Thefe 
are only five in number, Sulphur, Phosphorus, 

Carbon, Hydrogen, and Azot. Were we to adhere 
ftriclly to our definition indeed, we fliould add all the 
metals ; for they are alfo combuftible, and have no£ yet 
been decompounded : But for the rcafons formerly 
given, we fhall venture to deviate a little from ftridl lo¬ 
gic, and confider them afterwards as a diftiiuft clafs of 

fubftances. 

Sect. I. Of Sulphur. 

Sulphur, diftinguifhed alfo in Englifh by the name 

of brtmjlone, was known in the earlieil ages. As it is 
found native in many parts of the world, it could not 
fail very foon to attraft the attention of mankind. It 
was ufed by the ancients in medicine, and its fumes were 

employed in bleaching wool*. 
Sulphur is a hard brittle fubftance, commonly of a 

yellow colour, without any fmell, and of a weak though 

perceptible tafte. 
It is a non-condu£or of ele&ricity, and of courfe 

becomes ele&ric by fri&ion. 
If a confiderable piece of fulphur be expofed to a 

fudden though gentle heat, by holding it in the hand, 
for inftance, it breaks to pieces with a crackling noifef. 

Its fpecific gravity is 1,990. 
When heated to the temperature of 1850 of Fahren¬ 

heit, it melts and becomes very fluid. If the tempera¬ 
ture be ft ill farther increafed, the fluidity diminiflies; but 
when the fulphur is then carried from the fire and al¬ 
lowed to cool, it becomes as fluid as ever before it con¬ 

geals J. 
When fulphur is heated to the temperature 01 170°, 

it rifes up in the form of a fine powder, which may he 
eafily colle&ed in a proper veffel. This powder is call¬ 
ed flowers of fulphur. When fubftances fly off in this 
manner on the application of a moderate heat, they are 
called volatile; and the procefs itfelf, by which they are 

railed, is called volatilization. 

Sulphur undergoes no change by being allowed to 

remain expofed to the open air. 
When thrown into water, it does not melt, as com¬ 

mon fait does, but falls to the bottom,. and remains 
there unchanged ; it is therefore infoluble in water. . If, 
however, it be poured, while in a flate of fufion, into 
water, it affuines a red colour, and retains fuch a degree 
of foftnefs, that it may be kneaded between the fingers; 

but it lofes this property in a few days §. 

There are a great many bodies which, after being dif- 

'folved in water or melted by heat, are capable of affu- 
ming certain regular figures. If a quantity of common 

* Pliny. 
lib. xxxv. 
c. 15. 

Properties 
of fulphur 

I Fourcroy, 

\Dr Blaci. 

T7 r 
Flowers of 
fulphur. 

$ Fourcroy. 
18 

Sulphur ca 
pable of 
cryftalli- 
zing. 
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fait, for inftance, be diffolved in water, and that fluid, tSulPhur- j 
by the application of a moderate heat, be made to fly 
off in the form of fleam; or, in other words, if the wa¬ 
ter be flowly evaporated, the fait will fall to the bottom 
of the veffel in cubes. Thefe regular figures are called 
cnjlah. Now fulphur is capable of cryftallizing. If it 
be melted, and as foon as its furface begins to congeal, 
the liquid fulphur beneath be poured out, the internal 
cavity will exhibit long nee<j|e-lhaped cryftals of an oc¬ 
tahedral figure. Tliis method of cryllallizing fulphur 

was contrived by Rouelle. 19 
When fulphur is heated to the temperature of 302° Converted 

in the open air, it takes fire fpontaneoufly, and burns 
with a pale blue flame, and at the fame time emits 
great quantity of fumes of a very ftrong fuffocating 
odour. When heated to the temperature of 570°, or 
a little higher, it burns with a bright white flame, and 
at the fame time emits a vaft quantity of fumes. If the 
heat be continued long enough, the fulphur burns all 
away without leaving any aftes or refiduum. If the 
fumes be collected, they are found to confift entirely of 
fulphuric acid. By combuftion, then, fulphur is con¬ 
verted into an acid. This fa& was known feveral cen¬ 
turies ago, but no intelligible explanation was given of it 
till the time of Stahl. That chemift undertook the talk; 
and founded on his experiments a theory fo exceeding¬ 

ly ingenious, and fupported by fuch a vaft number of 
fadls, that it was in a very fhort time adopted with ad¬ 
miration by all the philosophic world, and contributed 
not a little to raife chemiftry to that rank among the 
fciences from which the ridiculous pretenfion^ ot the 

early chemifts bad excluded it. # 20 

According to Stahl, there is only one fubftance in Stahl’s ex» 

nature capable of combuftion, which therefore he called 
Phlogiston ; and all thofe bodies which can. be fet 
on fire contain lefs or more of it. Combuftion is mere¬ 
ly the feparation of this fubftance. Thofe bodies which 
contain none of it are of courfe incombuftibie. All com- 
buftibles, except thofe which confift of pure plilogifton 
(if there be any fuch), are compofed of an incombuftbile 
body and plilogifton united together.' During combuf¬ 
tion the phlogifton flies off, and the incombuftibie body 
remains behind. Now when fulphur is burnt, the fub¬ 
ftance which remains is fulphuric acid, an incombuftibie 
body. Sulphur therefore is compofed of fulphuric acid 

and phlogifton. 
To eftablilh this theory completely,, it was neceffary 

to (hew that fulphur could be a&ually made by combi¬ 
ning fulphuric acid and phlogifton ; and this alfo Stahl 
undertook to perform. Sulphat of potafs is a fubftance 
compofed of fulphuric acid and potafs (d), and charcoal 

is a combuftible body, and therefore, according to the 
theory of Stahl, contains phlogifton : when burnt, it 
leaves a very inconfiderable refiduum, and confequentiy 
contains hardly any thing elfe than phlogifton. He 
melted together in a crucible a mixture of potafs and fuU 

phat of potafs, ftirred into it one-fourth part by weight 
of pounded charcoal, covered the crucible with another 
inverted over it, and applied a ftrong heat to it. He 
then allowed it to cool, and examined its contents. The 
charcoal had difappeared, and there only remained in 
the crucible a mixture of potafs and fulphur combined 

together* 

(d) The nature of potafs (hall afterwards be explained, 

purity. 

It Is the potafh well known in commerce in a ftate^oF 
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Sulphur, together, and of a darker colour than ufual, from the 

l"" \r—' refiduum of the charcoal. Now there were only three 
fubftances in the crucible at firft, potafs, fulphuric acid, 
and charcoal : two of thefe have difappeared, and ful¬ 

phur' has been found in their place. Sulphur then muft 
have been formed by the combination of thefe two. 
But charcoal confifts of phlogiiton and a very fmall re¬ 
fiduum, which is (till found in the crucible. The ful- 
phur then muft have been formed by the combination 
of fulphuric acid and phlogifton. This fimple and lu¬ 
minous explanation appeared fo fatisfa&ory, that the 
compofition of fulphur was long confidered as one of 

0,l the beft demonftrated truths in chemiftry. 

Unfati-fac- There are two fa£ts, however, which Stahl either did 
tory. not know or did not fufficiently attend to, neither of 

which were accounted for by his theory. The firft is, 
that fulphur will not burn if air be completely exclu¬ 
ded ; the fecond, that fulphuric acid is heavier than the 
fulphur from which it was produced. 

To account for thefe, or fadls fimilar to thefe, fuc- 
ceeding chemifts refined upon the theory of Stahl, de¬ 
prived his phlogifton of gravity, and even affigned it a 
principle of levity. Still, however, the necefiity of the 
contaft of air remained unexplained. At laft Mr La- 
voifier, who had already diftinguifhed himfelf by the ex- 
tenfivenefs of his views, the accuracy of his experiments, 
and the precifion of his reafoning, undertook the exa¬ 
mination of this fubje&, and his experiments were pub- 

22 lifiied in the Memoirs of the Academy of Sciences for 
T^al expla- lyyy. He put a quantity of fulphur into a large glafs 

XavoUier ve^ wlt^ which he inverted into another vef- 
fel containing mercury, and then fet fire to the fulphur 
by means of a burning-glafs. It emitted a blue flame, 
and gave out thick vapours, but was very foon extin- 
guiflied, and could not be again kindled. There was, 
however, a little fulphuric acid formed, which was a 
good deal heavier than the fulphur which had difap¬ 
peared ; there was alfo a diminution in the air of the 
veflel proportional to this increafe of weight. The 
fulphur, therefore, during its converfion into an acid, 
muft have abforbed part of the air. He then put a 
quantity of fulphuret of iron, which confifts of fulphur 
and iron combined together, into a glafs veflel full of air, 
which he inverted over water (e). The quantity of air 
in the veflel continued diminifliing for eighteen days, as 
was evident from the afeent of the water to occupy the 
fpace which it had left; but after that period no farther 
diminution took place. On examining the fulphuret, it 
was found fomewhat heavier than when firft introduced 
into the veflel, and the air of the veflel wanted precifely 
the fame weight. Now this air had loft all its oxygen ; 
all the oxygen of the air in the veflel muft therefore 
have entered into the fulphuret. Part of the fulphur 
was converted into fulphuric acid ; and as all the reft of 
the fulphuret was unchanged, the whole of the increafe 
of weight muft have been owing to fomething which 
had entered into that part of the fulphur which was 
converted into acid. This fomething we know was 
oxygen. Sulphuric acid therefore muft be compo- 
fed of fulphur and oxygen ; for as the original weight 
of the whole contents of the veflel remained exa&ly the 

fame, there was not the fmalleft reafon to fuppofe that Sulphur, 
any fubftance had left the fulphur. 

It is impoflible, then, that fulphur can be compofed 
of fulphuric acid and phlogifton, as Stahl fuppofed ; 
fince fulphur itfelf enters as a part into the compofition 
of that acid. There muft therefore have been fome 
want of accuracy in the experiment by which Stahl 
proved the compofition of fulphur, or at lead fome fal¬ 
lacy in his reafonings; for it is impoflible that two con¬ 
tradictory facts can both be true. Upon examining the 
potafs and fulphur produced by Stahl’s experiment, we 
find them to be confiderably lighter than the charcoal, 
fulphuric acid, and potafs originally employed. Some¬ 
thing therefore has made its efcape during the applica¬ 
tion of the heat. And if the experiment be conducted 
in a clofe veflel, with a pneumatic apparatus attached 
to it, a quantity of gas will be obtained exactly equal 
to the weight which the fubftances operated on have 
loft ; and this weight confiderably exceeds that of all 
the charcoal employed. This gas is carbonic acid gas, 

which is compofed of charcoal and oxygen, as will af¬ 
terwards appear. We now perceive what paffes in this 
experiment: Charcoal has a ftronger affinity for oxygen 
at a high temperature than fulphur has. When char¬ 
coal therefore is prefented to fulphuric acid in that 
temperature, the oxygen of the acid combines with it, 
they fly off in the form of carbonic acid gas, and the 
fulphur is left behind. 

The combuftion of fulphur, then, is nothing elfe than 
the act of its combination with oxygen ; and, for any 
thing which we know to the contrary, it is a fimple 

fubftance. 
The affinities of fulphur, according to Bergman, areA^n^c90| 

as follows : fulphur. 
Lead, 
Tin, 
Silver, 
Mercury, 

Arfenic, 
Antimony, 
Iron, 
Eixed alkalies, 
Ammonia, 

Barytes, 
Lime, 
Magnefia, 
Phofphorus t 

Oils, 
Ether, 

Alcohol. 

Sect. II. Of Phofphorus. 
24 

Let a quantity of bones be burnt, or, as it is term-ProduSion 

ed in chemiftry, calcined, till they ceafe to fmoke, or0^phofpbo- 

to give out any odour, and let them afterwards be re-rus* 
duced to a fine powder. Put this powder into a glafs 
veffel, and pour fulphuric acid on it by little at a time, 
till farther additions do not caufe any extrication of air 
bubbles (f). Dilute the mixture with a good deal of 
water, agitate it well, and keep it hot for fome hours ; 
then pafs it through a filter. Evaporate the liquid 

' flowly 

(e) This experiment was firft made by Scheele, but with a different view. 

(f) The copious emiffion of air bubbles is called in chemiftry effervefcence. 
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Phof, horus jQovvly till a quantity of white powder falls to the bottom. 

-' This powder muft be feparated by filtration and thrown 
away. The evaporation is then to be refumed; and vvhen- 

' ever any white powder appears, the filtration muft be re¬ 

peated in order to feparate it. During the whole procefs, 
what remains on the filter muft be wafiied with pure 
water, and this water added to the liquor. The evapo¬ 

ration is to be continued till all the moifture difappears, 
and nothing but a dry mafs remains. Put this mafs in¬ 
to a crucible, and keep it melted in the fire till it ceafes 

to exhale fulpliureous odours ; then pour it out. When 
cold it affumes the appearance of a brittle glafs. Pound 
this glafs in a mortar, and mix it with one-third by 
weight of charcoal duft. Put this mixture into an 

earthen ware retort, and apply a receiver containing a 
little water. Put the retort into a fand bath, and in¬ 
crease the fire till it becomes red hot. A fubftance 
then pafles into the receiver, which has the appearance 

of melted wax, and which congeals as it falls into the 
water of the receiver. This fubftance is phofphorus. 

It was difeovered by Brandt, a chemift of Hamburgh, 

about the year 1667, while he was employed in attempt¬ 
ing to extract from human urine a liquid capable of con- 

* Leibnitz, verting lilver into gold *. 

Berlin*6 ^ Kunkel, another German chemift, hearing of the dif- 
covery, was anxious to find out the procefs, and lor 
that purpofe afiociated himfelf with a friend of his na¬ 
med Kraft. But the latter procured the fecret from 
the difeoverer ; and expeding by means of it to acquire 
a fortune* refufed to give any information to his affo- 
ciate. Vexed at this treachery, Kunkel refolved to at¬ 
tempt the difeovery himfelf; and though he knew on¬ 
ly that phofphorus was obtained from urine, profecuted 
the inquiry with fo much zeal, that he fucceeded, and 
has been defervedly confidered as one of the difcover- 

Stall's ers +. 
Three Hun- Boyle likcwife difeovered phofphorus. Leibnitz in- 
ired Expert- ^eed affirms that Kraft taught Boyle the whole pro¬ 

cefs, and Kraft declared the fame thing to Stahl. But 
furely the aftertion of a dealer in fecrets, and one who 
had deceived his own friend, on which the whole of this 
{lory is founded, cannot be put in competition with the 

affirmation of a man like Boyle, who was one of the 
honefteft men, as well as greateft philofophers, of his 
age ; and he pofitively allures us that he made the dif¬ 
eovery without being previoufly acquainted with the 

procefs J. 
Gahn, a Swedifti chemift, difeovered, in 1769, that 

phofphorus was contained in bones ||, and Scheele (g) 

Bergman'foon after invented a procefs for obtaining it from 
Hotes on them. Phofphorus is now generally procured in that 

*5 
Its difeo¬ 
very. 

t Boyle si- 
bridged by 
Slaw, iii. 
174. 

Sclejfer 

a6 
Its proper¬ 
ties. 

manner. The procefs deferibed in the beginning of this 
fedion is that of the Dijon academicians : it differs 
from that of Scheele only in a fingle particular. 

Phofphorus, when pure, is of a clear, tranfparent, 

yellowifh colour ; but when kept fome time in water, it 

Suppl. Vol.I• Parti. 
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becomes opaque, and then has a great refembiance to Phofphorus 

white wax. Its confidence is nearly that of wax : it v 
may be cut with a knife or twilled to pieces with the 

fingers. It is infoluble in water. Its fpecific gravity 

is 1,714.. » 
It melts at the temperature of 990 *, and even at 6 70 * Pelletierf 

it gives out a white finoke, and is luminous in the dark \ Journal de 

that is to fay, it fufFers a flow combuftion : fo that it 
can only be prevented from taking fire by keeping it in 
a very low temperature, or by allowing it to remain al¬ 
ways plunged in water. If air be excluded, it evapo¬ 
rates at 219°, and boils at 5540 f. When heated to f J&V. 381. 

12 2® (h), it burns with a very bright flame, and givesconverted 
out a great quantity of white finoke, which is luminous ly combuf„ 
in the dark ; at the fame time it emits an odour whichtion 
has fome refembiance to that of garlic. It leaves no 
reliduum ; but when the white fmoke is colleded, it is 
found to be an acid. Stahl confidered this acid as the 
muriatic (1). According to him, phofphorus was com- 
pofed of muriatic acid and phlogifton, and the combuf¬ 
tion of it was merely the feparation of phlogifton. He 
even declared, that to make phofphorus, nothing more 

was neceffary than to combine muriatic acid and phlo¬ 
gifton ; and that this compofition was as eafily accom- 

plifhed as that of fulphur itfelf f. \ThrceHun- 
Thefe alfertions gained implicit credit; and the com-dredExpert- 

pofition and nature of phofphorus were confidered asmenU* 

completely underftood, till Margraf of Berlin publifhed 

his experiments in the year 1743. That great man, 
oiie of thofe illuftrious philofophers who have contribu- ' 

ted fo much to the rapid increafe of the fcience, diftin- 
guifhed equally for the ingenuity of his experiments and 
the clearnefs of bis reafoning, attempted to produce 
phofphorus by combining together phlogifton and mu¬ 
riatic acid ; but though he varied his procefs a thou- 
fand ways, prefented the acid in many different dates, 
and employed a variety of fubftances to furnifti phlogif¬ 

ton, all his attempts failed, and he was obliged to give 
up the combination as impradicable. On examining into phof- 
the acid produced during the combuftion of phofpho-phoric acid, 

rus, lie found that its properties were very different from 
thofe of. muriatic acid. It was therefore a diftind fub¬ 
ftance. The name of phofphoric acid was given to it; 
and it was concluded that phofphorus was compofed of 

this acid united to phlogifton. 
But it was obferved in 1772 by Morvean §, that § 

phofphoric acid was heavier than the phofphorus from^ 
which it was produced (k) ; and Boyle had long beforeP‘ 
{hewn that phofphorus would not burn except when in 
contad with air. Thefe fads were fufficient to prove 
the inaccuracy of the theory concerning the compofi¬ 
tion of phofphorus ; but they remained themfelves un¬ 
accounted for, till Lavoifierpublifhed thofe celebrated 
experiments, which threw fo much light on the nature 4 
and compofition of acids. 

He exhaufted a glafs globe of air by means of an air- 
Ee pump; 

(g) Crell, in his life of Scheele, informs us that Scheele was himfelf the difeoverer of the fad. This, he fays, 

clearly appears from a printed letter of Scheele to Gahn, who was before looked upon as the difeoverer. See 

Crell7s Jnnals, Englifti Tranf. I. 17. 
(h) Morveau, EncycL Method. Chimie, art Jljfmite.—According to Nicholfon at l6op. See his Tranflalion of 

ChaptaL 
(1) This acid fhall be afterwards deferibed. 
(k) The fame obfervation had been made by,Margraf, but.no.attention was paid to it. 
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Phofphoruf.ptjrnp ; and after weighing it accurately, he filled it 

*-v-1 with oxygen gas, and introduced into it ioo grains of 
phofphorus. The globe was furnifhed with a ftop- 
cock, by which oxygen gas could be admitted at plea- 

fure. He fet fire to the phofphorus by means of a 

_ _ Parti, 
The affinities of phofphorus have not yet been afeer- Carbon, 

tained. w— 

Sect. III. Of Carton, 

29 
Which is 

burning-glafs. The combuftion was extremely rapid, 

accompanied by a bright flame and much heat. Large 

quantities of white flakes attached themfelves to the in- 
ner furface of the globe, and rendered it opaque ; and 
thefe at laft became fo abundant, that notwithftanding 

the conftant fupply of oxygen gas, the phofphorus was 
extinguifhed. The globe, after being allowed to cool, 

was again weighed before it was opened. *1 he quantity 
of oxygen employed during the experiment was afeer- 

tained, and the phofphorus, which {fill remained un¬ 
changed, accurately weighed. The white flakes, which 
were Nothing elfe than pure phofphoric acid, were found 

exadlly equal to the weights of the phofphorus and 
oxygen, which had difappeared during the procefs. 

Phofphoric acid therefore mull have been formed by wi icnis rnoipnonc acia liiciciuic muu -- 

phofphorus the combination of thefe two bodies ; for the abfolute 

^bl™d weight of all the fubftances together was the fame be- 
wxtn oxy* _ ® ■ r •a. t. * •   a".i_i „ .Un, 
jxen. forehand after the procefs *. It is impoffible then that 
*Lavt\fiers phofphorus can be compofed of phofphoric acid and 
fibem'tftry 

Part f. 
chap.\ 

phlogifton, as phofphorus itfelf enters into the compo- 

fition of that acid (l). 
Thus the combuftion of phofphorus, like that of ful- 

phur, is nothing elfe than its combination with oxygen; 
for during the procefs no new fubftance appears except 

the acid, accompanied indeed with much heat and 

30 light. 
phofphorus Phofphorus combines readily with fulphur, as Mar- 
combines p-raf difeovered during his experiments on phofphorus. 

FL. . ... r. __* A/f .. ■with ful- 
?hur* 

This combination was afterwards examined 6y Mr Pel- 
letier. The two fubftances are capable of being mixed 
in different proportions. Seventy-two grains of phof¬ 

phorus and nine of fulphur, when heated in about four 

ounces of water, melt with a gentle heat. The com¬ 
pound remains fluid till it be cooled down to 7 7°,‘and 
then becomes folid. Thefe fubftances were combined 
in the fame manner in the following proportions : 

If a piece of wood be put into a crucible, well co¬ 
vered with fand, and kept red hot for fome time, it is 
converted into a black fhining brittle fubftance, without 
either tafte or fmell, well known under the name of 

charcoal, This fubftance contains always mixed with 
it feveral earthy and faline particles. When freed from 

thefe impurities it is called carton, 
Charcoal is infoluble in water. It is not affe&ed (pro- pr0perties 

vided that all air be excluded) by the mod violent heat0f carbon, 
which can be applied, excepting only that it is rendered 

much harder. 
New-made charcoal abforbs moifture with avidity. 

When heated to a certain temperature, it abforbs air 
copioufly. La Metherie plunged a piece of burning 
charcoal into mercury, in order to extinguifh it, and 
introduced it immediately after into a glafs veffel filled 
with common air. The charcoal abforbed four times 
its bulk of air. On plunging the charcoal in water, 

one-fifth of this air was difengaged. This air, on be¬ 
ing examined, was found to contain a much fmaller 
quantity of oxygen than atmofpherical air does. He 
extinguifhed another piece of charcoal in the fame man¬ 
ner, and then introduced it into a veffel filled with oxy¬ 
gen gas. The quantity of oxygen gas abforbed amount¬ 
ed to eight times the bulk of the charcoal ; a fourth 
part of it was difengaged on plunging the charcoal into 
water *. It appears from the experiments of Sennebier, * Jour, de 

that charcoal when expofed to the atmofphere abforbs phf- «x. 

oxygen gas in preference to azot f, as the other portion V^nn de 

of common air is called. . cbim. iv. 
When heated to the temperature of 370° J, it takes 261. 

fire, and, provided it has been previoufly freed from the t Morwux 

earths and falts which it generally contains, it burns 

without leaving any refiduum. If this combuftion be jjjitiite. 

n Sir] 18 Sulphur 
72 Phofphor. 

36 Sulphur 

72 Phofphor. 
72 Sulphur _ 

72 Phofphor.^ 

59° 

at 5 ov 

at 4tc 

216 Sulphur 
at 99c 

Phofphorus and fulphur may be combined alfo by 

melting them together without any water; but the com¬ 

bination takes place fo rapidly, that they are apt to 
rufh out of the veffel if the heat be not exceedingly mo- 

f Pelletier, derate f. 
Jtur. de Phofphorus is capable of combining alfo with many 
I>byf. xxxv* ther bodies: the compounds produced are called phof- 

38il pbuntu 

performed in clofe veffels filled with oxygen gas inftead 32 
of common air, part of the charcoal and oxygen difap-Converted 

pear, and in their room is found a particular gas exactly an a* 

equal to them in weight. This gas has the properties01 * 
of an acid, and is therefore called carbonic acid gas, Mr 
Lavoifier, to whom we are indebted for this difeovery, 
afeertained, by a number of very accurate experiments,, 

that this gas was compofed of about 28 parts of carbon 

, and 72 of oxygen ||. . !! Mem. A* 
Carbon is fufceptible of cryftallization. In that ftate^* I78r» 

It is called diamond. The figure of the diamond varies 44 3* 

confiderably ; but moft commonly it is a hexagonal prifm SufceptibJe 
terminated by a fix-fided pyramid. When pure it is co-of cryftalk- 
lourlefs and tranfparent. Its fpecific gravity is fromz*tion. 

3>44 to 3,55. It is one of the hardeft fubftances in 
nature ; and as it is not affefted by a confiderable heat, 
it was for many ages confidered as incombuftible. Sir 
Ifaac Newton, obferving that combuftibles refra&ed 

light more powerfully than other bodies, and that the 
diamond poffeffed this property in great perfe&ion, fuf- 

pedled? 

(l) The quantity of phofphorus confumed was 45 grams 
The quantity of oxygen gas - 69>375 

Weight of the phofphoric acid produced 114,375 
Phofphoric acid therefore is compofed of 100 parts phofphorus and 154 oxygen. 
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pefted, from that circumftance, that it was capable of 
combuftion. This fmgular conje&ure was verified in 

1 694 by the Florentine academicians, in the prefence of 
Cofmo III. grand duke of Tufcany. By means of a 
burning-glafs, they deftroyed feveral diamonds. Fran¬ 
cis I. emperor of Germany, afterwards witnefTed the de- 
ftru&ion of feveral more in the heat of a furnace. Thefe 
experiments were repeated by Rouelle, Macquer, and 
D’Arcet ; who proved that the diamond was not merely 

evaporated, but a6lually burnt, and that if air was ex¬ 

cluded it underwent no change. 
No attempt, however, was made to afeertain the pro- 

dud, till Lavoifier undertook a feries of experiments for 

that purpofe in 1772. He obtained carbonic acid gas. 
It might be concluded from thefe experiments, that the 
diamond contains carbon ; but it was referved for Mr 

Tennant to fhew that it confided entirely of that fub- 

ftance. 
Into a tube of gold, having one end clofed and a 

glafs tube adapted to the other to colled the produd, 
that gentleman put 2\ grains of diamonds and a quar¬ 
ter of an ounce of nitre (m). This tube was heated 
flowly; the confequence of which was, that great part 
of the nitric acid paffed off before tlie diamond took 
fire, and by that means almoft the whole of the carbonic 
acid formed during the combuftion of the diamond re¬ 
mained in the potafs, for which it has a ftrong affinity. 
To afeertain the quantity of this carbonic acid, he dif- 
folved the potafs in water, and added to the folution an¬ 
other fait compofed of muriatic acid and lime. Muria¬ 
tic acid has a itronger affinity for potafs than for lime; 

it therefore combines with the potafs, and at the fame 
time the lime and carbonic acid unite and fall to the 
bottom of the veffel, becaufe they are nearly infoluble in 
water. Fie decanted off the liquor, and put the lime 
which contained the carbonic acid gas into a glafs globe, 
having a tube annexed to it. This globe and tube he 
then filled with mercury, and inverted into a veffel con¬ 
taining the fame fluid. The lime by that means occu¬ 
pied the very top of the tube. It now remained to fepa- 
rate the carbonic acid from the lime, which may be done 
by mixing it with any acid, as almoft every other acid 
has a ftronger affinity for lime than carbonic acid has. 
Accordingly on introducing muriatic acid, 10,3 ounce 

meafures of carbonic acid gas, or nearly 9,166 grains, 
were feparated. But, according to the experiments of 
Lavoifier, this gas is compofed of 72 parts of oxygen and 
28 of carbon; 9,166 grains, therefore contain 2,56 grains 
of carbon, which is almoft precifely the weight of the 
diamond confumed. It follows, therefore, that it was 
compofed of pure carbon*. The difficulty of burning 
the diamond is owing entirely to its hardnefs. Meffrs 
Morveau and Tennant rendered common charcoal fo 
hard by expofing it for fome time to a violent fire in 
clofe veffels, that it loft much of its natural tendency to 
combuftion, and endured even a red heat without catch¬ 

ing fire f. 
Charcoal poffeffes a number of Angular properties, 
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which render it of coafiderable importance. It is in-Hydrogen, 

capable of putrefying or rotting like wood, and is not r 
therefore liable to decay through age. This property 

has been long known. It was cuftomary among the 
ancients to char the outfide of thofe (takes which were 
to be driven into the ground or placed in water, in or¬ 
der to preferve the wood from fpoiling. New-made 
charcoal, by being rolled up in cloths which have con¬ 

tracted a difagreeable odour, effectually deftroys it. It 

takes away the bad taint from meat beginning to pu¬ 
trefy, by being boiled along with it. It is perhaps the 

beft teeth powder known. Mr Lowitz of Peterfburgh 
has fhewn, that it may be ufed with advantage to puri¬ 

fy a great variety of fubftances. 
Carbon unites with a number of bodies, and forms Carburets, 

with them compounds known by the name of carburets. 
Its affinities have not yet been afeertained. 

Sect. IV. Of Hydrogen. 

Pvt into a glafs veffel furnifhed with two mouths a ^ 

quantity of frefti iron filings, quite free from ruft. Lute Method of 
into one of thefe mouths the end of a crooked glafs procuring 
tube. Infert the other end of this tube below a glafs hydrogen, 

jar filled with water, and inverted into a pneumatic ap¬ 
paratus, Then pour upon the iron filings a quantity of 
fulphuric acid, diluted with twice its own weight of 
water, and clofe up the mouth of the veffel. Imme¬ 
diately the iron filings and acid effervefee with violence, 
a vaft quantity of gas is produced, which ruffles through 

the tube and fills tlie jar. This gas is called hydrogen 

gas {n). 
It was obtained by Dr Mayow and by Dr Hales 

from various fubftances, and had been known long be¬ 
fore in mines under the name of the fire damp. MrCa- 
vendifh * was the firft who examined its properties with# 

attention. They were afterwards more fully inveftiga- Tranf. 1766. 
ted by Prieftley, Scheele, and Fontana. ^ 

Hydrogen, like air, is invifible and elaftic, and ca-its proper- 
pable of indefinite compreffion and dilatation. tics. 

Its fpecific gravity differs according to its purity, 
Kirwan found it o,ccoiof ; Lavoifier 0,000094 J, orf OnPhlcgif- 

about twelve times lighter than common air. 
All burning fubftances are immediately extinguifhed;^^^ 3 

by being plunged into this gas. It is incapable, there- Appendix. 
fore, of fupporting combuftion. 

Animals, when they are obliged to breathe it, die al¬ 
moft inftantaneoufly. Scheele, indeed, found that he 
could breathe it for fome time without inconvenience § Scheele or. 
but Fontana, who repeated the experiment, difeovered Eire. 
that this was owing to the quantity of common air con¬ 
tained in the lungs when lie began to breathe ; for on 
expiring as ftrongly as polfible before drawing in the 
hydrogen gas, he could only make three refpirations, 
and even thefe three produced extreme feeblenefs and 
oppreflion about the breaft ||. || 

If a phial be filled with hydrogen gas, and a lighted ^y*xv*9P* 

candle be brought to its mouth, the gas. will take fire, 
and burn gradually till it is all confumed. If hydro- 

■d: 

E e 2 gen 

(m) Nitre is compofed of potafs and nitric acid ; and nitric acid contains a great quantity of oxygen, which 

is eafily feparated by heat. Diamond, when mixed with nitre, burns at a much lower heat than by any other 

procefs. ’ gj* . 
(n) It was formerly called inflammable airt and by fome chemiftsphlogijlon. 



220 
Hydrogen, gen and oxygen gas be mixed 

Compofi- 
tion of \va- 

% Encycl, 

Method. 

they barn inttantaneoufly, and produce an explofion 
like gunpowder. The fame effeft follows when a mix¬ 
ture of hydrogen gas and atmofpherical air is kindled, 
but the explolion is lefs violent.. Hydrogen gas will 
not burn except in contad with oxygen gas, nor 
will it burn even in contad with oxygen gas, unlefs a 

red heat be applied to it. If 85 parts by .weight of 
oxygen gas, and 15 of hydrogen gas, be mixed toge¬ 
ther, and fet on fire in a dole vefiel, they diiappear, 
and in their place there is found a quantity of water 
exadly equal to them in weight. This water mult be 

. compofed of thefe two gafes.; for it did not previoufly 

exilt in the vefiel, and no other fubltance except the 
gafes was introduced. Water then is compofed of oxy¬ 
gen and hydrogen ; and the combullion of hydrogen is 

nothing elfe but the ad of its combination with oxy- 

gen(°). 
It had been fuppofed, in confequence of the experi¬ 

ments of Dr Prieltley and feveral other philofopliers, 
that when hydrogen gas was allowed to remain in con- 
tad with water, it was gradually decompofed, and con¬ 

verted into another gas ; but Mr de Morveau *, Mr 
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together~and kindled, part of the remaining fulphur, for which it has a con-Hydrogen. 

fiderable affinity. ~~ 
The fpecific gravity of fulphurated hydrogen gas is 

0,00135*; it is to common air as 1106 to 1000. * Kirwan 

It lias a very fetid odour, precifely fnnilar to that 
emitted by rotten eggs, which indeed is owing to the 

emiffion of the very fame gas. 
It is riot more refpirable than hydrogen gas. "When 

fet on fire, in contad with oxygen gas, it burns with a . 
light blue flame, without exploding, and at the fame 
time a quantity of fulphur is depoiited. The combuf- 
tion of this gas, then, is merely the union of its hydro¬ 

gen, and perhaps part of its fulphur, with oxygen. 
This gas turns fvrup of violets to a green eolourf.f Fourcroy't 

It does not feem capable of exifting in atmofpherical^ 
ir witlirmt dprninnnfil-inn ; for the moment it comes air without decompofition; for the moment it comes" 

into contad with oxygen gas, fulphur is depofited J. \ Bergman. 

2. Phofphorated hydrogen gas was difeovered by Mr 41 

Gengembre in 1783, and by Mr Kirwan fome time af-teti°hy 
ter, before he became acquainted with the experiments gcn gas> 

of that gentleman. It may be procured by mixing 
phofphorus with potafs diffolved in water, and applying 

a boiling heat to the folution. The phofphorus is gra- ~ . verieu nuu <uiuuiu , uuw. ^ - —.t>-- - - 1 1 o 

+ J54* Haffenfratzf, and Mr Libes|, have fiiewn that it un- dually converted into an acid by decmnpoling the wa- 
ChimA. u)2. dergoes no change, provided fufficient care be taken to ter, and uniting with its oxygen. rI he hydrogen.af- 

$ Jo»r. de exclude every other gas 
Ehyf. xxxvi. Hydrogen gas diffolves fulphur, phofphorus, and car- 

4l2‘^ bon. The compounds are called fulphurated, phofphora- 

Compoundsta/, and carbonated hydrogen gas. 
of hydro- I# Sulphurated hydrogen gas was firil examined with 
gcn gas. attention by Scheele, who, together with Bergman, dif¬ 

eovered many of its properties. Mr Kirwan likewife 
40 publifhed a very valuable paper on the fame fubjed. 

Sulphura- jp ec^ua| parts Qf fu]phur and potafs be melted together 

tCen gas.r°" in a covered crucible, they combine together, and form 
k k a compound known by the name of fulphuret of potafsy 

but formerly called, from its red colour, hepar fulphurisy 

or liver of fulphur. When this fubftance is moiflened 
with water, it gives out a quantity of fulphurated hy¬ 
drogen gas; hence this gas was at firil called hepatic gas* 

Mr Gengembre enclofed a bit of fulphur in a glafs 

vefiel filled'with hydrogen gas, and melted the fulphur 

by means of a burning-glafs. A quantity of it difap- 
peared, and the hydrogen affumed all the properties of 

hepatic gas. Hence it follows that this gas is merely 

fulphur diffolved in hydrogen gas.. 
The eafiell method of obtaining it is to pour an 

acid, the muriatic for inllance, on 'a quantity of the 
fulphuret reduced to powder. An effervefcence takes 

place, the gas is extricated, and may be colleded by 

means of a pneumatic apparatus. The theory of this 
The fulphur is gradually convert- 

fumes the form of a gas, and flies off after diffolving 

a little of the phofphorus. This gas may be colleded 

by means of a pneumatic apparatus. 
Phofphorated hydrogen gas has a fmell refembling 

that of putrid fifh. When mixed with oxygen gas or 
common air, it becomes luminous ; and on the applica¬ 

tion of the fmalleft heat, it burns with aftonifhing rapi¬ 
dity §. The produds are water and phofphoric acid.§ Kirwan* 

The combullion of this gas therefore is nothing elfe 

than the union of its phofphorus and hydrogen with 

oxygen, attended by an emiffion of heat and light. 
Phofphorated hydrogen gas may alfo be formed by 

introducing a bit of phofphorus into a jar containing 
hydrogen gas : but care mull be taken to make this gas 
as dry as poffible ; for its affinity with phofphorus is 

weakened in proportion to its moillure |j. . II B™Znatelm 

3. Carbonated hydrogen gas arifes fpontane.oufiy in^\y“ 

hot weather from marfhes, but always mixed with feve-^ f445, 
ral other gafes. Several fpecies of it have been lately 
difeovered by the affociated Dutch chemills Bondt, 
Dieman, Van Troollwyck, and Lauwerenberg*]. When \ Ann. de 

75 Pai*ts of fulphuric acid and 25 of fpirit ol wine are 
mixed together, a gas is extricated which fuffers no al- * 

teration from Handing over water. Its fpecific gravity Carb**ate(J 
is 0,001 II, or it is to common air as 909 to 1000. Ithydrogen 

has a fetid odour, and burns with a ftrong compadgas, 
flame. When paffed through fulphur it is converted in¬ 
to fulphurated hydrogen gas, and at the fame time a 

quantity of carbon is depofited in the form of a fine 

emiffion is obvious. _ _ 
ed into fulphuric acid, by decompofing the water, which 
is always united with acids, and feizing its oxygen : ^-, - , 
the hydrogen of the water is thus fet at liberty ; it af- powder ; it mull therefore be compofed of carbon and 
fumes the gafeous form, and at the fame time diffolves hydrogen gas. When burnt, the produd is carbonic 

0 acid 

(o) The hifiory of this great difeovery, and the objedions which have been made to it, we referve for the 
chapter which treats of Watery where they will be better underllood than they could be at prefent. This fub- 
fiance was called hydrogen by the French chemills, becaufe it enters into the compofition of water, from vSat wa¬ 
ter, a iO I am born. Objedions have been made to the propriety of the name, into which we fhall not 
enter. It ought never to be forgotten that Newton had long before, with a fagacity almoll greater than human, 

conjectured, from its great refradting power, that water contained a combujlible fubjlance. 
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> Ibid. 

f Ibid. 
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acid gas and water *. By making ether(p) pafs thro’ 
a red hot glafs tube, another carbonated hydrogen gas 
was formed, the fpeciiic gravity of which was 0,00086. 
Spirit of wine, paffed in the fame manner, afforded a 

gas, the fpecific gravity of which was 0,00053, and 
which burned with a paler flame than the other two. 
Thefe gafes were found to contain from 80 to 74 parts 

of carbon, and from 20 to 26 of hydrogen. The firft 
fpecies was found to contain molt caibon, and the laft 

to contain leaft f. 
The affinity of hydrogen gas for thefe three combuf- 

Affiniiiep oftibles is as follows : 
tftcfe gafes. Sulphur, 

Carbon, 

Phofphorus (qJ. 
Dr Auflin found, that by repeatedly palling ele&ric 

explofions through a fmall quantity of carbonated hy¬ 
drogen gas, it was permanently dilated to more than 
twice its original bulk. He rightly concluded, that 
this remarkable expanfion could only be owing to the 

44 evolution of hydrogen gas. On burning air thus ex- 

detcompofe°panded, he found that it required a greater quantity of 
carbon oxygen than the fame quantity of gas not dilated by 

electricity : An addition therefore had been made to 
the combuftible matter ; for the quantity of oxygen 
neceffary to complete the combuftion of any body, is 

always proportional to the quantity of that body. He 
concluded from thefe experiments, that he had decom- 
pofed the carbon which had been diffolved in the hy¬ 

drogen gas ; and that carbon was compofed of hydro¬ 
gen and azot (r), fome of which was always found in 
the veffel after the dilated gas had been burnt by means 

| Phil. of oxygen J. If this conclufion be fairly drawn, we 
\ranf. Ixxx.fnuft expunge carbon from the lift of fimple fubftances, 
5r* and henceforth confider it as a compound. 

45 *a There was one circumftance which ought to have 
armne , vente(j j)r Auftin from drawing this conclufion,^at 

leaft till warranted by more decifive experiments. The 
quantity of combuftible matter had been increafed. 
Now, if the expanfion of the carbonated hydrogen gas 
was owing merely to the decompofiticn of carbon, no 

fuch increafe ought to have taken place, but rather the 
contrary; for the carbon, which wasitfelf a combuftible 
fubftance, was refolved into two ingredients, hydrogen 
and azot, only the firft of which burnt on the addition 
of oxygen and the application of heat. Dr Auftin’s 
experiments have been lately repeated by Mr William 
Henry with a great deal of accuracy §. He found 

Tranfn that the dilatation which Dr Auftin defcribes a&ually 
pant’d. 7 took place, but that it could not be carried beyond a 

certain degree, a little more than twice the original 
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Azot. bulk of the gas. Upon burning feparately by means of ^ 

oxygen, two equal portions of carbonated hydrogen gas, 
one of which had been expanded by ele&ricity to double 

its original bulk, the other not, he found that each of 
them produced precifely the fame quantity of carbonic 
acid gas. Both therefore contained the fame quantity 

of carbon ; confequently no carbon had been decom¬ 

pounded by the eledrie (hocks. . 46 
Mr Henry then fufpeCted thst the dilatation was ow- And found 

ing to the water which every gas contains in a larger unikcct 

or fmaller quantity. To afcertain this, he endeavoured 
to deprive the carbonated hydrogen gas ot as much wa¬ 
ter as poffible, by making it pafs over very dry potafs, 
which attrads water with avidity. Gas treated in this 
manner could only be expanded one-fixth of its bulk ; 

blit on admitting a drop or two of water, the expanfion 
went on as ufual. The fubftance decompounded by the 

electricity, then, was not the caibon, but the water iu 
the carbonated hydrogen gas. Nor is it difficult to fee 
in what manner this decompofition is effeCUd. Carbon, 
at a high temperature, has a greater affinity for oxygen 

than hydrogen has ; for if the fleam of water be made 
to pafs over red hot charcoal, it is deeompofed, and car¬ 

bonic acid and hydrogen gas are formed. The eledn’c 
explofion fupplies the proper temperature ; the caibon 

unites with the oxygen of the water, and forms carbo¬ 
nic acid ; and the hydrogen, thus fet at liberty, occa- 
fions the dilatation. Carbonic acid gas is abforbed with, 
avidity by water: and when water was admitted into 

709 meafures of gas thus dilated, igo meafures were ab- 
forbed ; a proof that carbonic acid gas was a&ually 
prefent. As to the azot which Dr Auftin found in his 
dilated gas, it evidently proceeded from the admiffion 

of fome atmofpheric air, about 73 parts of which in the 

100 con fill of this gas : for Dr Auftin’s gas had flood 
long over water ; and Drs PriefUey and Higgins have 
fhewn that air in fuch a fituation always becomes im¬ 

pregnated with azot. 4y 
The affinities of hydrogen have not yet been afeer- Affinitiesof 

tained, but perhaps they are as follows: hydrogen. 
Oxygen, 
Carbon, 

Azot. 

Sect. V. Of Azot. 
43 

If a quantity of iron filings and fulphur, mixed to-Method of 
gether and moiftened with water, be put into a.glafsprocuring, 

veffel full of air, it will abforb all the oxygen in theai0t* 
courfe of a few days ; but a confiderable refiduum of 
air ft ill remains incapable of any farther diminution. This 
refiduum has obtained the appellation of azotic gas. 

(p) Ether is a very volatile and fragrant liquid, obtained by mixing fpirit of wine and acids, and diftilling. It 

fhall be afterwards deferibed. , r . ~ . . , , f 
(q ) Sulphur decompofes carbonated hydrogen gas-;, therefore its affinity is greater than that of carbon. The 

Dutch chemifts melted phofphorus in carbonated hydrogen gas, but no change was produced; therefore the 

affinity of phofphorus is inferior to that of carbon. 
(k) See next Se&ion.—His theory was, that carbonated hydrogen gas was compofed ot hydrogen, and azot, 

and carbon of azot, and carbonated hydrogen gas, which comes nearly to the fame thing with regard to the ele¬ 
ments of carbon. It is fingular enough, that though Dr Auftin would not allow the prefence of carbon in car¬ 

bonated hydrogen gas, he a dually deeompofed it by melting fulphur in it: the fulphur combined with the hy¬ 

drogen gas, and a quantity of carbon was precipitated. This experiment he relates without making any remarks 

upon it, and feems indeed not to have paid any attention to it. 
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It was difcovered in 1772 by Dr Rutherford, now 
profeflor of botany in the univerftty of Edinburgh (s). 
Schccle procured it by the above procefs as early as 
3776, and proved that it was a diflinft fluid. Mr La- 
voifler afterwards proved the fame thing, without any 
previous knowledge of Scheele’s difcoveries. 

'The air of the atmofphere contains about ,73 parts of 
azotic gas ; almoll all the reft is oxygen gas. The ea- 
iieil method of procuring azotic gas is to put fome ful- 
phuret of potafs into a glafs veflel filled with air, and 
accurately clofed, and then to apply heat to the fulphu- 

ret. All the oxygen is abforbed almoft inflantly. This 
method was firft pointed out by Morveau*. 

Mr Kii wan examined the fpecific gravity of azotic 

gas obtained by Seheele’s procefs; it was 0,00120: 
it is therefore fomewhat lighter than the atmofpheric 
air; it is to atmofpheric air as 985 to looof. 

It tinges delicate blue colours (lightly with green J. 
It is exceedingly noxious to animals ; if they are obli¬ 
ged to refpire it, they drop down dead almoft inftant- 
ly (t). No combuftible will burn in it. This is the 
reafon that a candle is extinguifhed in atmofpherical air 
as foon as the oxygen near it is confumed. Mr Goett- 
ling, indeed, publiftied, in 1794, that phofphorus (hone, 

and was converted into phofphoric acid, in pure azotic 
gas. Were this the cafe, it would not be true that no 

■ combuftible burns in this gas ; for thb converfion of 
phofphorus into an acid, and even its fhining, is an ac¬ 

tual though flow combuftion. Mr Goettling’s experi¬ 
ments were foon after repeated by Drs Scherer and Jae¬ 
ger, who found that phofphorus does not (hine in azotic 
gas when it is perfectly pure; and that therefore the gas 
011 which Mr Goettling’s experiments were made had 
contained a mixture of oxygen gas, owing principally 
to its having been only confined by water. Thefe re¬ 

sults were afterwards confirmed by Profeflor tLampadius 
and Profeflor plildebrandt. It is therefore proved be¬ 

yond a doubt, that phofphorus does not burn in azotic 
gas, and that whenever it appears to do fo, there is al¬ 

ways fome oxygen gas prefent §. 
Azotic gas is capable of diflolving phofphorus, as 

has been proved by the experiments of Fourcroy and 
Vauquelin. 

It diflolves alfo a little carbon : for azotic gas ob¬ 
tained from animal fubftances, which contain a great 

* deal of azot, when confined long in jars, depofites on the 
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(ides of them a black matter which has the properties Azor. 
of carbon *, L"“v— 

Thefe two folutions, the properties of which have not 

yet been accurately examined, are called phofphorated chim.u 45, 

and carbonated azotic gas. 

Azotic gas is capable of combuftion. Take a glafs production 
tube, the diameter of which is about the fixth part of of nitric 
an inch ; fhut one of its ends with a cork, through the acid, 
middle of which pafles a fmall wire with a ball of metal 
at each end. Fill the tube with mercury, and then 
plunge its open end into a bafon of that fluid. Throw 
up into the tube as much of a mixture, compofed of 13 
parts of azotic and 87 parts of oxygen gas, as will fill 
3 inches. Through this gas make, by means of the„ 
wire in the cork, a number of eletlric explofions pafs. 

The volume of gas gradually dimiiiifhes, and in its place 
there is found a quantity of nitrous acid. This acid, 
therefore, is compofed of azot and oxygen : and thefe 
two fubftances are capable of combining, or, which is 
the fame thing, azotic ga3 is capable of combuftion in 
the temperature produced by electricity, which we know 

to be pretty high. The combuftibility of azotic- gas, 
and the nature of the product, was firft difcovered by 

Mr Cavendifh, and communicated to the Royal So¬ 
ciety on the 2d of June 1 7H5 (u). ^ 

The affinities of azot are (till unknown. It has never Attempts 

yet been decompounded, and muft therefore, in the pre-t0 decom- 

fent ftate of our knowledge, be confidered as a Ample azot 
fubftance. Dr Prieftley, who obtained azotic gas at a 
very early period of his experiments, confidered it as a 
compound of oxygen gas and phlogifton, and for that 

reafon gave it the name of phlogijlicated air. Accord¬ 
ing to the theory of Stahl, which was then univerfally 
prevalent, he confidered combuftion as merely the fe- 
paration of phlogifton from the burning body. To 
this theory he made the following addition : Phlogif- 
ton is feparated during combuftion by means of chemi¬ 

cal affinity : Air (that is, oxygen gas) has a ftrong af¬ 
finity for phlogifton : Its prefence is neceftary during 
combuftion, becaufe it combines with the phlogifton as 
it feparates from the combuftible ; and it even contri¬ 

butes by its affinity to produce that reparation : The 
moment the air has combined with as much phlogif¬ 
ton as it can receive, or, to ufe a chemical term, the 
moment it is faturated with phlogifton, combuftion ne- 

ceflarily flops, becaufe no more phlogifton can leave the 
combuf- 

(s) See his thefts De Aere Mephitico, publiftied in 1772.—“ Sed aer falubris et purus refpiratione animali non 
modo ex parte fit mephiticus fed et aliam indolis fu<e mutationem hide patitur. Poftquam enim omnis aer mephiti- 

cus (carbonic acid gas) ex eo, ope lixivii cauftici fecretus et abdu&us fuerit, qui tamen rejlat nullo modo falubrior 
inde evadit ; nam quamvis nullam ex aqua calcis praecipitationem faciat haud minus quam antea et jlammam et 

•vitam extinguit. Page 17. 
“ Aer qui per carbones ignitos folle ada&us fuit, atque deinde ab omni aere mephitico (carbonic acid gas) ex- 

purgatus, malignus tamen adhuc reperitiwr et omnino fimilis eft ei qui refpiratione inquinatur. Immo ab experi- 
mentis patet hanc folam effe aeris mutationem quae inflammationi adferibi poteft. Si enim accenditur matcries 

- quslibet quae ex phlogifto et baft fixa atque ftmplici conftat, aer inde natus ne minimam aeris mephitici quantitatem 
in Je continere videtur. Sic aer in quo fulphur aut phofphorus uriuse cornbuftus fuit, licet maxime malignus, cal- 
cem tamen ex aqua miiiime praecipitat. Interdum quidem ft ex phofphoro natus fuerit, nubeculam aquae calcis 
inducit fed tenuiffimam, nec aeri mephitico attribuendam, fed potius acido illi quod in phofphoro ineft, et quod, 

ut experimenta docuerunt, hoc fingulari dote pollet.” Page 19. 
(t) Hence the name azot, given it by the French chemifts, which ftgnifies dejlruft'vve to Hfe> from « and 
(u) It is remarkable enough, that the acidity of nitric acid was aferibed by Mayow, in 1674, to the prefecce 

of oxygen. Indoles caujlica spirit us nitri (fays he) a particulis ejus igneo nereis provemt. Tradl. p.19. 
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Azot. combuftible'fv) : Air faturated with phlogifton is azo- 

--*-tic gas. This was a very ingenious theory, and, when 
Dr Prieftley publifhed it, exceedingly plaufible. A 
great number of the mofl eminent chemifts accordingly 

embraced it: But it was foon after difcovered, that 
during combuftion the quantity of air, inftead of in- 
creafing, as it ought to have done, had phlogifton been 

added to it, a&ually diminifhed both in volume and 

Unfuccefs- weight. There was no proof, therefore, that during 
fuL combuftion any fubftance whatever combined with air, 

but rather the contrary. It was difcovered alfo, that 

a quantity of air combined with the burning fubftance 
during combuftion, as we have feen was the cafe with 

•fulphur, phofphorus, carbon, and hydrogen ; and th3t 
this air had the properties of oxygen gas. Thefe dif- 
eoveries entirely overthrew the evidence on which Dr 
Prieftley’s theory was founded : accordingly, as no at¬ 
tempt to decompound azot has fucceeded, it has been 
given up by almoft every chemift except Dr Prieftley 
himfelf. A tmofpheric air, as Scheele firft proved, is com- 
pofed of about 27 parts of oxygen and 73 of azotic gas. 
During combuftion, the oxygen is abflra&ed and the 

azotic gas remains behind. 
La Metherie made an attempt to prove that azot 

was compoled of oxygen and carbon (\v). He took a 
bit of burning charcoal, extinguifhed it in mercury, and 
then plunged it while hot into oxygen gas. On being 
plunged into water, one fourth of the gas was difenga- 
ged, and part of it was found to confift of azotic gas. 
From this he concluded that he had formed azotic gas 
by combining oxygen and carbon : But it was proved 
by Mr Lavoifier, beyond the pofhbility of doubt, that 
oxygen and carbon form carbonic acid gas. They can¬ 
not then certainly form azot ; for two contradictory 

fads cannot both be true. There mull then have been 
fomething overlooked in the experiments Indeed the 
experiment itfeli does not warrant the conclufion which 
De La Metherie drew from it* He did not afcertain 
whether the weight of the charcoal was diminifhed; 

and, befides, there was azot mixed with the oxygen gas 
which he employed, as he himfelf has informed us: 
And how was it pofiible for him to admit the charcoal 
into water without, at the fame time, admitting fome 

atmofpherical air .\ 

We have now defcribed all the combiiftibles which 
are at prefent reckoned fimple, except the metals. We 
have found, that during combuftion all of them com- 

^bine with oxygen ; that no part of them is difengaged, 
no part of. them loft: we have therefore concluded, 
that the combuftion of thefe fubftances is nothing elfe 
but the ad of their uniting with oxygen. We have 
feen, however, that none of them, except phofphorus, 
was capable of uniting with oxygen at the common 
temperature of the atmofphere ; that, in order to pro¬ 
duce the union, heat was neceffary, and that the degree 

of this heat was different for each. Hydrogen required 
a red heat, and azot a flill greater. We have feen, 

too, that during thefe combinations a quantity of heat Metals, 

and light efcaped. Now, why is heat neceffary for thefe 
combinations ? and whence come the heat and the light 
which we perceive during J:he combuftion of thefe bo¬ 

dies ? Thefe queftions are of the higheft importance, 
and can only be anfwered by a particular inveftigation 

of the nature and properties of heat and light. This 
inveftigation we fhall attempt, as foon as we have de¬ 

fcribed the metals and earths, which form the fubjcd of 

the two following chapters. 

Chap. III. Of Metals. 

54 \ 
Metals may be confidered as the great inftruments Properties 

of all our improvements : Without them, many of the0^ metais> 

arts and fciences could hardly have exifted. So fen- 
fible were the ancients of their great importance, that 
they raifed thofe perfons who firft difcovered the art of 
working them to the rank of deities. In chemiftry, 

they have always filled a confpicuous flat ion : at one 
period the whole fcience was confined to them ; and it 
may be faid to have owed its very exiflence to a rage 
for making and tranfmuting metals. ^ 

1. One of the mofl confpicuous properties of the Luihfs 
metals is a particular brilliancy which they poffefs, and 
which has been called the metallic lujlre. This proceeds 
from their refle&ing much more light than any other 
body ; a property which feems to depend partly on the 
clofenefs of their texture. This renders them peculiar¬ 
ly proper for mirrors, of which they always form the 

bails. 
2. They are abfolutely opaque, or impervious to Qpacit' 

light, even after they have been reduced to very thin 

plates. Silver leaf, for inflance, -°f an inch 
thick, does not permit the fmalleft ray of light to pafs 
throught it. Gold, however, may be rendered tranf- 

parent; for gold leaf, T-g^Vw an thick, tranf- - 
mits light of a lively green colour*." And it is not # x<fichnU 
improbable that all the other metals, as Sir Ifaac Newton fbns Notes 
fuppofed, would become tranfparent, if they could be<>n Fourctoy^ 

reduced to a fufficient degree of thinnefs. It is to this 
opacity*that a part of the excellence1 of the metals, as 

mirrors, is owing.; their brilliancy alone would not qua¬ 

lify them for that purpofe. „ 
3. They may be melted by the application of heat, 

and even then Hill retain their opacity. This property 
enables us to caft them in moulds, and then to give them 
any fhape we pleafe. In this manner many elegant iron 

utenfils are formed.. 
4.. Their fpecific gravity is greater than that of any Gravity, 

other body hitherto difcovered. 
5. They are better conductors of eleClricity than any 

other body. . ^ 
6- But one of their mofl important properties isMalleabili- 

malleability; by-which is meant the capacity of being T* 
extended and flattened when ftruck with a hammer. 
This-property enables us to give the metallic body any 
form we think proper, and thus renders it eafy for us 

to 

(v) This ingenious theory was firft conceived by Dr Rutherford, as appears-from the following paffage of 
his thefis. “ Ex iifdem etiam deducere licet quod aer ille malignus (azotic gas).componitur ex aere atmofpherico 
am phlogiflo unito et quaft faturaioAtque idem confirmatur eo, quod aer qui metallorum calcinationi jam iiw 
ferviit, et phlogifton ab iis abripuit, ejufdem plane fit indolis.” De aert Mephitico, p. 20. 

(w) Or rather of hydrogen, for he confidered carbon itfelf as a compound. 
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to convert tliem into the various inftruments for which 
we have occafion. All metals do not poiTefs tn.s pro¬ 
perty ; but it is remarkable that aimoft all thofe which 
were known to the ancients have it. Heat increafes 

this property considerably. 
7. Another property which is alfo wanting in many 

of the metals, is du&Uity ; by which we mean the capa¬ 
city of being drawn out into wire by being forced 
through holes of various diameters. This property has 
by fome been called tenacity ; and it doubtlefs depends 

upon the tenacity of the various metals. 
c 161 r- 8. When expofed to the a&ion of heat and air, mod 

E Cma'ion cf t^e metals lofe their luflre, and are converted into 

earthy-like powders of different colours and properties, 

according to the metal and the degree of heat employed. 

' Several of the metals even take fire when expofed to 
a ftrong enough heat; and after combuftion the refi- 

duum is found to be the very fame earthy-like fub- 

ftauce. If any of thefe calces, as they are called, be 
mixed with charcoal-powder, and expofed to a ftrong 

Cl heat in a proper veffel, it is changed again to the metal 

Stahl’s the-from which it was produced. From thefe phenomena 
oryofthe Stahl concluded, that metals were compofed of earth 
compofitionan(j py0S'tJ}0n. He was of opinion that there was only 
of metals Qne primitive earth, which not only formed the bafis of 

all thofe fubftances Known by the name of earths, but 
the bafis alfo cf all the metals. He found, however, 
that it was impoflible to combine any mere earth with 
phlogifton; and concluded, therefore,with Beecher, that 

there was another principle befides earth and plilogii- 

ton, which entered into the compofittpu of the metals. 
To this principle Becchcr gave the name of mercurial 
earthy becaufe, according to him,,it exilled moil abun¬ 

dantly in mercury. This principle was fuppofed to be 
very volatile, and therefore to fly off during calcination : 

and fome chemifts even affirmed that it might be ob¬ 
tained in the foot of thofe chimneys under which metals 

have been calcined. 
A {Biking defed was foon perceived in this theory. 

The original metal may again be produced by heating 

its calx along, with fome other fubftance which contains 
phlogifton :t now, if the mercurial earth flies off during 
combuftion,'it cannot be neceffary for the formation of 
complete metals, for they may be produced without it: 

if, on the contrary, it adheres always to the calx, there 
is no proof of its exiftence at all. Chemifts, in con fre¬ 
quence of thefe obfervations, found tliemfclvcs obliged 
to difeard the mercurial principle altogether, and to 

conclude that metals were compofed of earth only, 

united to phlogifton. But if this be really the cafe, 
how comes it that thefe two fubftances cannot be uni¬ 

ted by art ? Henkel was the firft who attempted to 
64 , folve this difficulty. According to him, earth and 

phlogifton &re fubftances of fo oppolite a nature, that 
"it is exceedingly difficult, or rather it has been hitherto 
impoflible, for us to commence their union ; but after 
it has been once begun by nature, it is an eafy matter 
to complete it. No calcination has hitherto deprived 
the metals of all their phlogifton ; fome flill adheres to 
the calces. It is this remainder of phlogifton which 
renders it fo eafy to reftore them to their metallic date. 

63 
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Were the calcination to be continued long enough to 
deprive them altogether of phlogifton, they would be * w 

reduced to the ftate of other earths; and then it would 
be equally difficult to convert them into metals, or, to 
ufe a chemical term, to reduce them. Accordingly we 

find that the more completely a calx has been calcined, 
the more difficult is its reduction. This explanation 65 
was favourably received. But after the cha*a£teriftic Farther im* 

properties of the vuvious earths had been afeertained, Prove • 

and the calces of metals were accurately examined, it 
was perceived that the calces differed in mauy particu¬ 
lars from all the earths, and from one another. To call 
them all the fame fubftance, then, was to go much far¬ 
ther than either experiment or obfervation would war¬ 

rant, or, rather, it was to declare open war againft both 
experiment and obfervation. It was concluded, there¬ 
fore, that each of the metals was compofed of a pecu¬ 
liar earthy fuljlance combined with phlogifton. For 

this great improvement in accuracy, chemiftry is chiefly 

indebted to Bergman. . 66 
But there were .feveral phenomena of calcination Still imper* 

which had all this time been unaccountably overlooked. 
The calces are all confiderably heavier than the metals 
from which they are obtained. Boyle had obferved 

this circumftance, and had aferibed it to a quantity of 
Jire which, according to him, became fixed in the me¬ 
tal during the procefs*. But fucceeding chemifts paid * Fire and 

little attention to it, or to the a£lion of air, till Mr wigU 
voifier publifhed his celebrated experiments on calcina-* * 
tion, in the Memoirs of the Paris Academy for 1774. 
He put eight ounces of tin into a large glafs retort, the 
point of which was drawn out into a very (lender tube 

to admit of eafy fufion. This retort was heated flov/ly 
till the tin began to melt, and then fealed hermetically. 

This heat was applied to expel fome of the air from 
the retort; without which precaution it would have ex¬ 
panded and bur ft the veffel. The retort, which was 
capable of containing 250 cubic inches, was then weigh¬ 
ed accurately, and placed again upon the fire. The tin 67 
foon melted, and a pellicle formed on its top, which Refuted by 

was gradually converted into a grey powder, that funk LavoMer* 

by a little agitation to the bottom of the liquid metal : 
in fhort, the tin was partly converted into a calx. This 
procefs went on for three hours ; after which the cal¬ 
cination flopped, and no farther change could be pro¬ 

duced 011 the metal. The retort was then taken from 
the fire, and found to be precifely of the fame weight 
as before the operation. It is evident, then, that, no 
new fubftance had been introduced, and that therefore 

the increafed weight of calces cannot, as Boyle fuppo¬ 

fed, be owing to the fixation of fire (x). 
When the point of the retort was broken, the air 

rufhed in with a hiffiHg noife, and the weight of The 
retort was increafed by ten grains. Ten grains of 
air, therefore, mu ft have entered,, and, confequently, 
precifely that quantity muft have difappeared during 
the calcination. The metal and its calx being weigh¬ 
ed, were' found juft ten grains heavier than before : 
therefore, the air which difappeared was abforbed by 
the metal : and as that part of the tin which remained 

in a metallic ftate was unchanged, it is evident that this 

(s) This experiment had been performed by Boyle with the fame fuccefs. He had drawn a wrong conclufion 

from not attending to the ftate of the air of the veffel. , Shaw’s Boyle, II. 394. 
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Metals, air muft have united with the calx. The increafe of 

J—v-weight, then, which metals experience during calcina¬ 
tion, is owing to their uniting with air (y). But all 

the air in the vefTel was not abforbed, and yet the cal¬ 
cination would not go on. It is not the whole, then, 
but fome particular part of the air which unites with 

the calces of metals. By the fubfequent difcoveries of 
Prieftley, Scheele, and Lavoifier liimfelf, it was afcer- 
tained, that the refiduum of the air, after calcination 

has been performed in it, is always pure azotic gas: It 
follows, therefore, that it is only the oxygen which com¬ 

bines with calces; and that a metallic calx is not a fimple 
fubftance, but a compound. Mr Lavoifier obferved, 

that the weight of the calx was always equal to that of 
the metal employed, together with that of the oxy¬ 
gen abforbed. It became a queftion then, Whether 

metals, during calcination, loft any fubftance, and con- 
fequently, whether they contained any phlogifton ? Mr 
Lavoifier accordingly propofed this queftion ; and he 
anfwered it himfelf by a number of accurate experi¬ 
ments and ingenious obfervations. Metals cannot be cal¬ 
cined excepting in contad with oxygen, and in propor¬ 
tion as they combine with it Confequently they not only 
abforb oxygen during their calcination, but that abforp- 
tioa is absolutely neceffary to their affuming the form 
of a calx. If the calx of mercury be heated in a re¬ 

tort, to which a pneumatic apparatus is attached, to 
the temperature of r 200°, it is converted into pure mer¬ 
cury ; and, at the fame time, a quantity of oxygen fe- 
parates from it in a gafeous form. As this procefs was 
performed in a clofe vefTel, no new' fubftance could en¬ 
ter : The calx of mercury, then, was reduced to a me¬ 

tallic ftate without phlogifton. The weights of the 
metal and the oxygen gas are together juft equal to 
that of the calx ; the calx of mercury, therefore, muft 

ft>e compofed of mercury and oxygen ; confequently 
there is no reafon whatever to fuppofe that mercury 
contains phlogifton. Its calcination is merely the ad 

of uniting it with oxygen (z). The calces of lead, 
filver, and gold, may be decompofed exadly in the fame 
manner ; and Mr Van Marum, by means of his great 

eledrical machine, decompofed alfo thofe of tin, zinc, 
and antimony, and refolved them into their refpedive 

tjour.de metals and oxygen *. The fame conclufions, therefore, 
Tbyf. 1785. muft be drawn with refped to thefe metals. All the 

metallic calces may be decompofed by prefenting to 
Suppl.Vol. I. Parti. 
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them fubftances which have a greater affinity for oxy- Metals, 

gen than they have This is the reafon that charcoal- u"“ 
powder is fo efficacious in reducing them : and if they 
are mixed with it, and heated in a proper vefTel, fur- 

nifhed with a pneumatic apparatus, it will be eafy to 
difcover what paffef*. During the redudion, a great 

deal of carbonic acid gas comes over, which, together 

with the metal, is equal to the weight of the calx and 
the charcoal : it muft therefore contain all the ingre¬ 

dients; and we know that carbonic acid gas is compo- 
fed of carbon and oxygen. During the procefs, then, 
the oxygen of the calx combined with charcoal and 

the metal remained behind. It cannot be doubted, 
therefore, that all the metallic calces are compofed of 
the entire metals combined with oxygen ; and that cal¬ 
cination, like combuftion, is merely the ad of this com. 
bination. All metals, then, in the prefent ftate of che- 

miftry, muft be confidered as fimple fubftances ; for 
they have never yet been decompounded. ^ 

The words calx and calcination are evidently impro- Oxide and 
per, as they convey falfe ideas; we (hall therefore af-oxidation, 

terwards employ, inftead of them, the words oxide andw^at* 
oxidation, which were invented by the French chemifts. 

A metallic oxide dignifies a metal united with oxygen ; 
and oxidation implies the ad of that union. 

Metals are capable of uniting with oxygen in diffe¬ 
rent proportions, and, confequently, of forming each 

of them different oxides. Thefe are diftinguifhed from 
one another by their colour. One of the oxides of iron, 
for inftance, is of a green colour; it is therefore called 

X.\it green oxide ; the other, which is brown, is called the 

brown oxide. ^9 
The metals at prefent amount to 21 ; only 11 of Number of 

which were known before the year 1730. Their names metals, 
are gold, filver, platinum, mercury, copper, iron, tin, 
lead, zinc, antimony, bifmuth, arfenic, cobalt, nickel, 
manganefe, tungften, molybdenum, uranium, tellurium, 
titanium, chromum. 

The firft eight of thefe were formerly called metals 
by way of eminence, becaufe they are poffefied either 

of malleability or ductility, or of both properties toge¬ 

ther ; the reft were called femimetalsy becaufe they are 
brittle. But this diftindion is now pretty generally 

laid afide ; and, as Bergman obferves, it ought to be fo 
altogether, as it is founded on a falfe hypothefis, and 
conveys very erroneous ideas to the mind. The firft 

. F f four 

(y) It is remarkable that John Rey, a phyfician of Perigord, had aferibed it to this very caufe as far back as 
the year 1630 : But his writings had excited little attention, and had funk into oblivion, till after his opinion had 
been inconteftibly proved by Lavoifier. Mayow alfo, in the year 1674, aferibed the increafe of weight to the 
combination of metals with oxygen. £>uippe vix concipipotejl (fays he), unde augmentum illud antimonii (calcinati) 

nifi a particulis nitro-aereis igneifque inter calcinandum rixis procedat. Trad. p 28. Plane ut antimonii Jixatio non 
tam a fulphuris ejus extend ajfumptione, quam particulis nitro-aereis, quibus Jlamma nitri abundat ei jnfixis prove* 

nire videatur. Ibid. p. 29. 
(z) This experiment was performed by Mr Bayen in 1774. This philofopher perceived, earlier than La¬ 

voifier, that all metals did not contain phlogifton. “ Ces experiences (fays he) vont nous detromper. Je 

ne tiendrai plus le langage des difciples de Stahl, qui feront forces de reftreindre la dodrine fur le phlogiftique, 
ou d’avouer que les precipites mercurials, dont je parle, ne font pas des chaux metalliques, ou enfin qu’il y a 
des chaux qui peuvent fe reduire fans le concours du phlogiftique. Les experiences que j’ai faites me force de 
conclure que dans la chaux mercuriale dont je parle, le mercure doit fon etat calcaire> non a la perte du phlogijlique 
qu’il n’a pas effuyee, mats a fa combinaifon intime avec le jluide elajlique, dont le poids ajoute a celui du mer¬ 
cure eft la feconde caufe de Paugmeutation de pefanteur qu’on obferve dans les precipites que j’ai foumis a 

l’examen.” Jour. de Phyf 1774, pages 288, 295. It was in confequence of hearing BayerPs paper read that 

Lavoifier was induced to turn his attention to the fubjed. 
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Gold, four metals were formerly called noble or perfeft metah, 
-V—becaufe their oxides are reducible by the mere appli¬ 

cation of heat; the next four were imperfect metals, be¬ 

caufe their oxides were thought not reducible without 
the addition of fome combuilible fubllance ; but this 

diftinaion alfu is now very properly exploded. 

Sect. I. Of Gold. 

70. Gold feems to have been known from the very be- 

r/S168 ginning of the world. Its properties and its fcarcity 
have rendered it more valuable than any other metal. 

It is of an orange red, or reddifh yellow colour, and 

has no perceptible take or fmell. 
No other fubllance can be compared with it in duc¬ 

tility and malleability. It may be beaten out into leaves 

fo thin that one grain of gold will cover 56J fquare 

inches. Thefe leaves are only an inch thick. 
But the gold leaf with which fdver wire is covered has 

only tt of that thicknefs. An ounce of gold, upon 
fiver wire, is capable of being extended more than 1300 

miles in length. 
Its tenacity is fuch, that a gold wire of an inch 

in diameter is capable of fupporting a weight of 500 

* Macquet'spounds without breaking *. 
Vitt. Its hardnefs is 6(a); its fpecific gravity 19,3* ^ 

melts at 320 of Wedgewood’s pyrometer (b). When 
melted, it alfumes a bright bluilh green colour. It ex¬ 

pands in the ad of fufion, and confequently contrads 
while becoming folid more than moil metals ; a cir- 

cumftance which renders it lefs proper for calling into 

moulds. . 
It requires a very violent heat to volatilize it; it is 

therefore, to ufe a chemical term, exceedingly fixed. 
Boyle and Kunkel kept it 'for fome months in a glafs- 

houfe furnace, and yet it underwent no change : nor 
did it lofe any perceptible weight, after being expofed 

f Kir wan's for fome hours to the utmoll heat of Mr Parker’s lens f. 
Jtf/W.i»9'z.Mr Lavoilier, however, obferved, that a piece of filver, 

held over gold melted by a fire blown by oxygen gas, 
which produces a much greater heat than common air, 

was fen fitly gilt .* Part of the metal, then, mull have 

been volatilized. 
After fufion, it is capable of alfuming a cryltalline 

form. Tillet and Mongez obtained it in Ihort qua¬ 

drangular pyramidal cry Hals. 

Oxidation I* is capable of combining with oxygen, and form- 
of gold. ing an oxide of gold. There are two methods of produ¬ 

cing this combination, the application of heaty and folu- 

tion in acids. When it is expofed to a very violent heat 
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in conta6l with air, gold ahforbs oxygen. But the t 
temperature mull be very high ; fo high, indeed, that -1'1 * N 

hardly any certain method of oxidating gold by. heat 
is known, except by ele&ricity. When the etedlric ex- 

ploiion is tranfmitted through gold leaf placed between 
two plates of glafs, or when a llrong charge is made to 
fall on a gilded furface—in both cafes the metal is oxi¬ 
dated, and alfumes a purple colour. It has been laid 
alfo, that the fame effeft has been produced by a very 

violent lire ; but few of the inllance3 which have been 

adduced are well authenticated. 
The other method of oxidating gold is much eafier. 

For this purpofe, equal parts of nitric and muriatic 

acids are mixed together (c) and poured upon gold ; 
an effervefcence takes place, the gold is gradually dit- 
folved, and the liquid alfiimes a yellow colour. It is 

eafy to fee in what manner this folution is produced. 
No metal is foluhle in acids till it has been reduced to 
the Hate of an oxide. There is a llrong affinity be¬ 

tween the oxide of gold and muriatic acid. The ni¬ 
tric acid furnilhes oxygen to the gold, and the muria¬ 
tic acid dilTolves the oxide as it forms. When nitric 
acid is deprived of the greater part of its oxygen, it af- 
fumes a gafeous form, and is then called nitrous gas♦ 
It is the emifiion of this gas which caufes the effervef¬ 
cence. The oxide of gold may be precipitated from 
the nitro-muriatic acid by pouring in a little potafs. 
dilfolved in water, or, which is much better, a little 
lime; both of which have a flronger affinity for muriatic 

acid than the oxide has. This oxide is of a yellow 

colour. 
It is probable that gold is capable of two different 

degrees of oxidation, and of forming, two different 

oxides, the yellow and the purple : But neither the quan¬ 
tity of oxygen contained in thefe oxides, nor the dif¬ 
ferences between them, have been accurately afeertained. 

The oxides of gold may be decoropofed in clofe veffcls 
by the application of heat. The gold remains fixed, 

and the oxygen affumes the gafeous form. They may 
be decompofed, too, by all the fnbftances which have 
a flronger affinity with oxygen than gold has. The af¬ 

finities of the oxides of gold, according to Bergman *, 

are as follows: 
Muriatic acid, 

Nitro-muriatic, 

Nitric, 
Sulphuric, 
Arienic, 

Fluoric, 

* Bergman 
on ble&ivt 

Attrafiiattti 

Opufc. t. 3* „ 

Tartarous,. 

(a! We have borrowed from Mr Kirwan the method of denoting the different degrees of hardnefs by figures, 

which we think a great improvement. Thefe figures will be underltood by Mr Kirwan s own explanation, which 

we here fubjoin. 
3, Denotes the hardnefs of chalk. 
4, A fuperior hardnefs, but yet what yields to the nail. . . r . 
5, What will not yield to the nail, but eafily, and without grittinefs, to the kmie. 

6, That which yields more difficultly to tlie knife. 

7, That which fcarcely yields to the knife. # . . 
8, That which cannot be feraped by a knife, but does not give fire with iteel. 

o, That which gives a few feeble fparks with Heel. 
10, That which gives plentiful lively fparks. Kirwan's Mineralogy, I. 38. . ^ 
(b) According to the calculation of the Dijon academicians, it melts at 12980 Fahr.; according to Berg- 

(c) This mixture, from its property of dilfolving gold, was formerly called aqua regia (for gold, among the 

alchymifls, was the king of metals) ; it is now called nitro-muriatic acid. 
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Silver. Tartarous, 

Phofphoric, 
Sebacic, 
Pruffic, 
Fixed alkali (d), 
Ammonia. 

Gold is not changed either by air or water. It does 
not feem capable of combining either with fulphur or 
carbon. Mr Pelletier combined it with phofphorus, 
by melting together in a crucible half an ounce of gold 

7* and an ounce of phofphoric glafs (e), furrounded with 
Phofphuret charcoal. The phofphuret of gold thus produced was 
of gold. brittle, whiter than gold, and had a cryftallized appear¬ 

ance. It was compofed of 23 parts of gold and one 
* Ann.de of phofphorus *. He formed the fame compound by 

aim-u jy dropping fmall pieces of phofphorus into gold in fu- 
f/&</. xiii. fion f. 

l04* Gold is alfo capable of combining with moil of the 
metals. Its affinities are placed, by Bergman, in the 
following order: 

Mercury, 
Copper, 
Silver, 
Lead, 

Bifmuth, 
Tin, 

Antimony, 
Iron, \ 
Platinum, 
Zinc, 
Nickel, 

Arfenic, 
Cobalt, 
Manganefe, 

Phofphorus ? 

Sulphurets of alkalies. 

Sect. II. Of Silver. 

73 SiLVEk appears to have been known almoft as early 
Properties as gold. It is a metal of a fhining white colour, with- 
ofulver. out either tafte or fmell. 

It is the moft malleable and dudlile of all metals ex- 
cept gold, and perhaps platinum. It can be reduced to 

leaves about of an inch thick, and drawn into 
wire much finer than a human hair. 

Its tenacity is fuch, that a wire of filver, T^th of an 
inch in diameter, is capable of fuftaining 270 pounds 

t Masquer's'without breaking J. 
Dia. Its hardnefs is 6,5 §. Its fpecific gravity, before 

un'T’"' hammering> >s ■0,474; after hammering, io,5io|| : for 
II liny on, jt ;s rt;nl avkable that the fpecific gravity of almoft all 

the metals is increafed by hammering. 

It continues melted at 28° Wedgewood (f), but re- 
f tfiV*Wfftuires a greater heat to bring it to fufion ^[. 
Mineral.ii. The experiments of the French academicians have 
107. 
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proved that it may be volatilized, but that it requires a 
very violent heat. 

When cooled (lowly, it alfumes a cryftalline form. 
Tillet and Mongez obtained it in quadrangular pyra¬ 
midal cryftals, both infulated and in groups. 74 

Silver may be combined with oxygen, and converted Oxides of 

into an oxide by expofure to a very violent heat. By this fdver* 

method Junker partly converted it into a glafs; and Mac- 
quer, by expoling it 20 times fucceffively to the heat 

of a porcelain furnace, obtained a glafs (g) of an olive 
green colour #. The oxide of filver may alfo be formed *Macquer't 

by difTolving the metal in an acid, and precipitating it 
from its folution by potafs, lime, &c. : for, during its 
folution, the metal becomes oxidated. Little is known 
at prefent concerning the oxides of filver, nor whether 

there be more than two, the black and the blue. From 

the experiments of Wenzel and Bergman, it follows, 
that one oxide of filver is compofed of about 90 parts 

of metal and 10 of oxygen f. The affinities of thef^iVw^ 
oxides, according to Bergman, are as follows ; Miner, ii. 

Muriatic acid, 4-?3* 

Sebacic, 
Oxalic, 
Sulphuric, 

Saccbola&ic, 
Phofphoric, 
Sulphurous, 
Nitric, 

Arfenic, 
Fluoric, 

Tartaric, 
Citric, 
Formic, 
La&ic, 
Acetous, 

Succinic, 
Pruffic, 

Carbonic, 
Ammonia. 

When filver is melted with fulphur in a low red heat, Sulphuret 
it combines with it and forms fulphuret of filver, It is of filver. 

very difficult to determine the proportion of the ingre¬ 
dients which enter into the compofition of this fub- 
ftance, becaufe there is an affinity between filver and 
its fulphuret, which difpofes them to combine together. 
The greateft quantity of fulphur which a given quan¬ 
tity of filver is capable of taking up 1*9, according to 

Wenzel, t* Sulphuret of filver is of a black ort^-49** 
very deep violet colour, brittle, and much more fufible 
than filver. If fufficient heat be applied, the fulphur is 
volatilized, and the metal remains behind ip a date of 
purity. ^ 6 

If one ounce of filver, orue ounce of phofphoric glafs, Phofphuret 

and two drams of charcoal, be mixed together, and of filver. 

heated in a crucible, phofphuret of filver is formed. It 
F f 2 is 

(d) Hare the alkalies any affinity for the yellow oxide? Is not their affinity confined to the purple oxide ' 
alone ? And does not this oxide adt as an acid ? 

(e) Phofphoric acid evaporated to drynefs, and then fufed. 

(f) According to the Dijon academicians, it melts at 1044° Fahr.; according to Bergman, at 1000°. 

(?) Metallic oxides, after fufion, are called gla/t, becaufe they acquire a good deal of refemblance. in fome 
particulars, to common glafs. 
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is of a white colour, and appears granulated, or as it 
were cryftallized. It breaks under the hammer, but 
may be cut with a knife. It is compofed of four parts 

of filver and one of phofphorus. Heat decomposes it 
by feparating the phofphorus *. Pelletier has obferved, 
that filver in fufion is capable of combining with more 
phofphorus than folid filver : for when phofphuret of 

lilver is formed by projecting phofphorus into melted 
filver, after the crucible is taken from the fire a quan¬ 
tity of phofphorus is emitted the moment the metal con¬ 

geals J. 
Silver does not feem capable of combining with car¬ 

bon. 
Silver is capable of combining with gold, and form¬ 

ing an alloy ( h ) compofed of one part of filver and five 
of gold. That this is the proportion of the ingredients, 

was difcovered by Homberg. He kept equal parts of 
gold and filver in gentle fufion for a quarter of an hour, 

and found, on breaking the crucible, two maffes ; the 
uppermoft of which was pure filver, the undermoft the 
whole gold combined with -Jth of filver. Silver, however, 

may be mixed with gold in almoft any proportion. But 

there is a great difference between the mixture of two 
fubftances and their chemical combination. Metals 
which melt nearly at the fame temperature may be 
mixed from that very circumflance in any proportion ; 

but fubftances can combine chemically only in one pro¬ 
portion. This obfervation, which is certainly of im¬ 

portance, was firft made, as far as we know, by Mr 
Keir The alloy of filver and gold is of a greenifh 

colour; but its properties have not-yet been accurately 

examined. 
Silver is not effe&ed by water, nor by expofure to 

the air ; but Mr Prouft has remarked, that when long 
expofed in places frequented by men, as in churches, 

theatres, &c. it acquires a covering of a violet colour, 

which deprives it of its luftre and malleability. This 
covering, which forms a thin layer, can only be detach¬ 

ed from the filver by bending it, or breaking it in pieces 
with a hammer It was examined by Mr Prouft, and 
found to be Julphuret of Jilver. He accounts for this 
tranfition of the filver into a Julphuret, by fuppofing 
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that a quantity of fulphur is conftantly formed and ex* Platinum, 

haled by living bodies *. * “Jnxn dt 
The affinities of filver, according to Bergman, are as chim> 

follows: 
Lead, 
Copper, 
Mercury, 

Bifmuth, 

Tin, 
Gold, 
Antimony, 
Iron, 
Manganefe, 

Zinc, 

Arfenic, 
Nickel, 
Platinum, 
Sulphurets of alkalies, 

Sulphur, 

Phofphorus. 

Sect. III. Of Platinum. 

The metals hitherto defcribed hiive been known to 
mankind from the earlieft ages, and have been always 
in high eftimation on account of their beauty, fcarcity, 
dudility, and indeftru&ibility. But platinum, though 
perhaps inferior to them in none of thefe qualities, and 
certainly far fuperior in others, was unknown, as a dif- 

tind metal, before the year 1752 (1). > # 80 
It has been found only in America, in Choco in Difcoyery 

Peru, and in the mine of Santa Fe, near Carthagena. of plati* 

The workmen of thefe mines riiuft no doubt have been num* 

early acquainted with it; but they feem to have paid 
very little attention to it. It was unknown in Europe 
till Mr Wood brought fome of it from Jamaica in 1741. 
Soon after it was noticed by Lon Antonio de Ulloa, 
a Spaniffi mathematician, who had accompanied the 

French academicians to Peru in their voyage to mea- 

fure a degree of the meridian. In the year *752 ^ 
was examined by Scheffer of Sweden, and difcovered • 

by him to be a new metal, approaching very much to 
the nature of gold, and therefore called by him aurum 

album y 

Metals combined together are called alloys or allays. # . c 
(1) Father Cortinovis, indeed, has attempted to prove that this metal was the elefirum of the ancients, oee 

the Chemical Annah of Brugnatelli, 1790.. That the eledrum of the ancients was a metal, and a very valuable 
one, is evident from many of the ancient writers, particularly Homer. 1 he following lines of Claudian are 

alone fufficient to prove it : 

Altrta cinxlt ebur, trabibus folidatur ahenis 
Culmen et in celfas Jurgunt ele&ra columnas. L. I. v. 164. 

Pliny gives us an account of it in his Natural Hiftory. He informs us that it was a compofition of filver and 

gold; and that by candle-light it fliotie with more fplendor than filver. The ancients made cups, ftatues, an 
columns of it. Now, had it been our platinum, is it not rather extraordinary that, no traces of a metal, which 

muff have been pretty abundant, fhould be perceptible in any part of the old continent • 
As the paffage of Pliny contains the fullelt account of ele&rum to be found in any ancient author, we (hall 

give it in his own words, that every one may have it in his power to judge whether or not the defcnption wi 

apply to the platinum of the moderns. . . „ , c , „ 
“ Omni auro ineft argentum vario pondere.—Ubicunque quinta argenti portio eft, eleBrum vocatur. Scrobes 

ea: reperiuntur in Canalienfi. Fit et cura eledrum argento addito. Quod ft quintam portionem exceflit, incudi-. 
bus non reftitit. Et eledro audoritas, Homero tefte, qui Menelai regiam auro, eledro, argento, ebore fulgere 
tradit. Minerva; templumhabet Lindos infuhe Rhodiorum in quo Helena fticravit calicem ex eledro.-—Rledtn na- 

tura eft ad lucernarum lumina clarius argento fplendere. Quod eft uativum, et venena depre en it. amque 

difcurrunt in calicibus arcus qpeleftibus fimiles cum igneo ftridore, et geminarationepnedicunt. — /^.xxxiu.m/mv- 
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Platinum, alburn, white gold* Soon after it was examined by Lewis, 

* Margraf,Macquer andBeaume, Morveau, Bergman, and 

many other illuftrious chemifts. 
Platinum, when pure, is of a white colour like filver, 

but not fo bright (k). It has no tafte nor fmell. 
It is both du&ile and malleable ; but the precife de¬ 

gree has not yet been afcertained. It has been drawn 
into a wire of of an inch in diameter. This wire 
admitted of being flattened, and had more ftrength than 

#Withering a wire of filver'or gold of the fame fize *. 
It is exceedingly difficult to fufe it. Mtfcquer and 

Beaume fucceeded by means of a powerful burning- 
glafs. It melts more eafily when mixed with other 
fubftances. Its fixity is ftill greater than its infufibili- 

ty. If the ftrongeft fires cannot melt it, much lefs can 

they volatilize it. 
Its hardnefs is 7,5-f. Itsfpecific gravity, after being 

hammered, is 23,000 ; fo that it is by far the heavieft 

body known. 
Some of the experiments which have been made <?n 

platinum feem to prove that it may be oxidated^ by the 
application of a violent heat. The oxide of this metal 
may be eafily formed by diffolving platinum in nitro- 
muriatic acid, and precipitating it by means of an earth 
or potafs. The various oxides of platinum have never 
yet been examined with accuracy. The one at prefent 
bed known poffeffes, as Mr Berthollet has proved, the 

properties of an acid. 
The fulphuret of platinum is unknown, 

j?* By mixing together an ounce of platinum, an ounce 

of plati- of phofphoric glafs, and a dram of powdered charcoal, 
num. and applying a heat of about 32° Wedgewood, Mr 

Pelletier formed a phofphuret of platinum weighing more* 

than an ounce. It was partly in the form of a button, 
and partly in cubic cryftals, It was covered above by 
a blackifh glafs. It was of a filver white colour, very- 
brittle, and’hard enough to ftrike fire with fteel. When 
expofed to a fire Ilrong enough to melt it, the pliof- 
phorus was difengaged, and burnt on the fur face L 

He found alfo, that when phofphorus was proje&ed 
on red hot platinum, the metal inftantly fufed and 
formed a phofphuret. As heat expels the phofphorus, 
Mr Pelletier has propofed this as an eafy method of pu-< 

rifying platinum $;■ 
Platinum does not feem capable of combining with 

carbon. 
It is not in the leaft affe&ed by the aftion of water 

} Ann. de 

Zibim. i. 71. 
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83 or air. 
Alloys of 1. When gold and platinum are expofed to a flroug 
platinum. iieat> t>iey combine, and form an alloy of a much whi-t 

ter colour, but nearly as du&ile as gold. The propor¬ 
tions of the ingredients are not known. When on* 
ly of the alloy is platinum, the gold is fcarcely altered^ 

in colour. 
2. Whether filver and platinum combine chemically 

has not yet been properly afcertained. When fufed 
together (for which a very ilrong heat is neceffary), 

they form a mixture, not fo duaile as filver, but harder 
and lefswhite. .The two .metals are feparated by keep- 
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ing them for fome time in the flate offufion ; the pla- Mercury.^ 

tinam finking to the bottom from its weight. This 
circumftance would induce one to fuppofe that there is 

very little affinity between them. 

Sect. IV. Of Mercury. 

Mercury, called alfo quickfilver, was known to the 

ancients, and feems to have been employed by them in 

gilding. # , 84 
It is of a white colour, exaaiy like that of polilhed pr0pert;es 

filver. It has no tafte, but acquires a flight odour when 0f mercury, 

rubbed between the hands. 
Its fpecific gravity is 13,568 rtjjon' 

It differs from all other metals in always exming, at 
the common temperature of the atmofphere, in a ftate 

of fluidity. It freezes at-3901* or> which is the famef Sff ™ac~ 
thing, it ceafes to be a folfd, and melts whenever it 
placed in a temperature above-390. It boils at the q-rany 

temperature of 6oo°. 
From the experiments made on frozen mercury in 

Ruffia, Hudfon’s Bay, and Britain, we know that this 
metal, when folid, is malleable ; but the extreme dit- 

ficulty of examining it in that ftate, on account of the 
lownefs of the temperature, has rendered it hitherto im- 
poffible to afcertain the precife degree either of its mal¬ 

leability, du&ility, or hardnefs. . . . gj 
Mercury is capable of combining with oxygen, and jt forms * 

of forming oxides, differing from each other in the quan-three ox- 
tity of oxygen which they contain. The oxides of mer-*des; 

cury, at prefent known, arc the blacky the yellow, and 

the red. ... 86 
1. When mercury is agitated for fome time in con-^he Mack 

taft with oxygen gas, or atmofpheric air, it is partly oxide, 

converted into a greyifli black powder, and at the fame 
time part of the oxygen difappears. This is the black 
oxide of mercury. It is not known how much oxygen 
it contains, nor even whether the whole of the mercury 
which compofes it be a&ually combined with oxygen. ^ 

2. The beft way of forming the yellow oxide is to ye]jow 
diffolve mercury, either in boiling fulphuric acid or in oxide, 

cold nitric acid. During.its folution, it deprives tliefe. 

acids of juft as much oxygen as is neceffary to convert 
it into a yellow oxide ; and if potafs or lime be after- - 
wards added to the folution, it precipitates, and may 
be obtained pure by wafhing it with wafer. It is a 
bright yellow-coloured powder, which adits very power¬ 

fully as an emetic. From the obfervations of Bergman, 
it appears that it is compofed of about 96,8 parts of 

mercury, and 3,2 of oxygen. t Ktrtvan'* 
3. The red oxide of mercury may be prepared, eitherMiner. 11. 

by diftilling nitric acid off the metal repeatedly, or by-489*gg 
keeping mercury for a long time expofed to a heat fuffU^ncj re(^ 

cient to evaporate it while it is in contadt with air. oxide. 

When formed by the firft procefs, it was formerly called 
red precipitate; when by the laft, precipitate per fe. It is 
a beautiful red powder, or rather fmall red cryftals, which 
have fome efcharotic qualities. When prepared by the 

fecond procefs, the heat muft not be much below 6qo° 

nor much above 8oo°, otherwife no union would take 

(K) To this colour It owes Its name, . Plata, In Spanilh, is fiber; and plain,w, little fiver, was the name firft 

riven to the metal. Bergman changed that name into platinum, that the Latin names of all the metals might have 

the fame termination and gender. It was, however, firft called platinum by Linnaeus. 
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place; and it muft be continued for fome weeks. From 
the experiments of Mr Kinvan, it appears to contain 
92,6 parts of mercury and 7,4 of oxygen*. 

Thcfe oxides may be decompofed by the application 
of a heat amounting to 1203°. The oxygen flies off 
in the form of gas, and running mercury remains be¬ 
hind. 

The affinities of the oxides of mercury, according to 
Bergman, are as follows : 

'Sebacic acid, 
Muriatic, 
Oxalic, 
Succinic, 
Arfenic, 
Phofphoric, 
Sulphuric, 
Benzoic (l)? 
Sacchola&ic, 
Tartarous, 
Citric, 
Sulphurous, 
Nitric, 
Fluoric, 
Zoonic ( M ) ? 
Acetous, 
Boracic, 
Prnflic, 
Carbonic. 

When two parts of mercury and three parts of flowers 
of fulpliur are triturated for fome time together, or 
when equal parts of mercury and melted fulphur are 
mixed together—they combine, and form a black pow¬ 
der, formerly called etbiops mineral, and now black ful¬ 
phur et of mercury. 

When 300 grains of mercury and 68 of fulphur, 
with a few drops of folution of potais to moiften them, 
are triturated for fome time in a porcelain cup by 
means of a glafs peftle, black oxide of mercury is pro¬ 
duced. Add to this 160 grains of potafs, diflolved in 
as much water. Heat the veflel containing the ingre¬ 
dients over the flame of a candle, and continue the tri¬ 
turation without interruption during the heating. In 
proportion as the liquid evaporates, add clear water from 
time to time, fo that the oxide may be conftantly co¬ 
vered to the depth of near an inch. The trituration 
muft be continued about two hours ; at the end of 
which time the mixture begins to change from its ori¬ 
ginal black colour to a brown, which ufually happens 
when a large part of the fluid is evaporated. It then 
pafles very rapidly to a red. No more water is to be 
added ; but the trituration is to be continued without 
interruption. When the mafs has acquired the con¬ 
fluence of a gelly, the red colour becomes more and 
more bright, with an incredible degree of quicknefs. 
The inftant the colour has acquired its utrnoil beauty, 
the heat muft be withdrawn, otherwise the red pafles 
to a dirty brown. This red powder is the red fulphu- 
ret of mercury, called formerly cinnabar, and, when re¬ 
duced to a fine powder, vermilion (n). The procefs 

Part. I, 
above deferibed has been lately difeovered by Mr Kir- Mercury, 
choft, and is by far the Ample!! and cheapeft mode of —v——^ 
forming red fulphnret with which we are acquainted*. *Nichclfin$ 
Count De Mouflin Poufchin has difeovered, that its paf’.Jwm.ii, 1, 
fing to a brown colour may be prevented by taking it 
from the fire as foon as it has acquired a red colour, and 
placing it for two or three days in a gentle heat, taking 
care to add a few drops of water, and to agitate the 
mixture from time to time. During this expofure, the 
red colour gradually improves, and at lafl becomes ex¬ 
cellent. He difeovered alfo, that when this fulphuret 
is expofed to a ftrong heat, it becomes inftantly brown, 
and then pafles into a dark violet; when taken from 
the fire it pafles inftantly to a beautiful carmine redf. f 7^/V.p. 7. 

The difference between thefe two fulphurets lias never 
yet been afeertained. One would be apt to fufpe& at 
fill! that the black fulphuret confifts of the real fulphu¬ 
ret of mercury combined with fulphur ; the red, of the 
fulphuret of mercury combined with mercury, and that 
the real fulphuret of mercury was not yet accurately 
known. But it cannot be doubted that, during the for¬ 
mation of the red fulphuret, according to Kirchoffs pro¬ 
cefs, there is an abforption of oxygen. The phenomena 
above deferibed point out that almoft inconteftibly; and 
we obferved, on attempting to repeat the experiment, 
that the black fulphuret, during its trituration, emitted 
fulphurated hydrogen gas. Perhaps, then, the mercu¬ 
ry may be oxidated. We fufpe&ed at firft that part of 
the fulphur might be converted into an acid ; but on 
attempting an alteration of the procefs, in confequence 
of that fuppofition, we could not fucceed. 

The red fulphuret of mercury is found naturally in 
feveral parts of the world. It ufed to be prepared by 
forming a black fulphuret with three parts of fulphur 
and one of mercury, and then fetting fire to it. Part 
of the fulphur is burnt, and there remains behind a vio¬ 
let-coloured body, which is powdered and put into a glafs 
veflel, to the bottom of which a red heat is applied. 
A reddifh brown fubftance fublimes, which is red ful¬ 
phuret of mercury ; but its colour is not nearly equal to 
that which is prepared by KirchofFs procefs. ^ 

Mr Pelletier, after feveral unfuccefsful attempts to pholphuret 
form phofphuret of mercury, at lafl -ucceeded by dif-of mercury, 

tilling a mixture of red oxide of mercury and phofpho¬ 
rus. Part of the phofphorus combined with the oxy¬ 
gen of the oxide, and was converted into an acid ; the 
reft combined with the mercury. 

Phofphuret of mercury is of a black colour, of a 
pretty folid confiftence, and C3pabk of being cut with 
a knife. When expofed to the air, it exhaled vapours 
of phofphorus J. * 4nn'% 

Mercury does not feem capable of combining with x”1* 
carbon. 

The combinations of mercury with the other metals jts a^aj. 
are called amalgams. gams. 

1. The amalgam of gold forms very readily, becaufe 
there is a very ilrong affinity between the two metals. 
If a bit of gold be dipped into mercury, its furface, by 
combining with mercury, becomes as white a^ filver. 

The 

(l) Benzoat of mercury is decompofed by fulphuric acid. Tromfdorf Ann. de Chim. xi. 316. 
( m ) Zoonic acid decompofes the acetite of mercury. Bertbollet. 
(n) The word vermilion is derived from the French word vermeil, which comes from vermicnlus or vermiculum; 

names given in the middle ages to the kermes or coccus ilicis9 well known as a red dye. Vermilion originally fig- 
nified the red dye of the kermes. See Beckmann’s Hijl. of Inventions} ii. i8q. 
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The eafieft way of forming this amalgam is to throw 

fmall pieces of red hot gold into mercury. The pro¬ 
portions of the ingredients are not eafdy determined, 
becaufe the amalgam has an affinity both for the gold 
and the mercury ; in confequenee of which they appear 
to combine in any proportion. Moil probably it is 
compofed of two parts of gold and one of mercury. 
The combination is formed moil readily in thefe pro¬ 

portions ; and if too much mercury be added, it may 
be fcparated by filtration. The amalgam is of a white 
colour, and of the confidence of butter*. This amal¬ 

gam cryftallizes in quadrangular prifms ; which cry¬ 
stals, according to the Dijon academicians, are compo¬ 

fed of fix parts of mercury and one of gold. It is 

much ufed in gilding. 
2. The amalgam of filver is made in the fame man. 

ner. It forms dendritical cryilals, which, according to 
the Dijon academicians, contain eight parts of mercury 
and one of filver. Gellert was the rirll who remarked 

that its fpecific gravity was greater than that of mer¬ 

cury, though that of lilver be lefs. 
3. Dr Lewis attempted to form an amalgam of pla- 

tinum, but hardly fucceedcd after a labour which lafled 
for feveral weeks. Mr Morveau fuccecded by means of 
heatf. But a much more expeditious method has 
been lately difeovered by Count Mouffin Poufchin. He 
took a dram of the orange-coloured fait, compofed of 

oxide of platinum and ammonia (o), and triturated it 
with an equal weight of mercifry in a mortar of chal¬ 
cedony. In a few minutes the fait became brown, and 
afterwards acquired a greenifh (hade. The matter was 
reduced to a very fine powder. Another dram of mer¬ 
cury was added, and the trituration continued : The 
matter became grey. A third dram of mercury began 
to form an amalgam ; and fix drams made the amalgam 
perfedl. The whole operation fcarce lailed 20 minutes. 
Mercury was added till it amounted to nine times the 
weight of the fait, and yet the amalgam continued very 

tenacious. It was eafily fpread out under the peftle ; 
it received the impreffion of the mod delicate feals, and 
had a very clofe and brilliant grain. This amalgam is 
decompofed, and the mercury pafies to the date of 
black oxide by the fimple contact of feveral of the me¬ 

tals and a great number of animal matters. This effe6l 
even takes place on rubbing it between the fingers J. 

The affinities of mercury, as afeertained by the expe¬ 

riments of Morveau (p), are as follows ; 

Gold, 
Silver, 
Tin, 
Lead, 
Bifmuth, 

Zinc, 
Copper, 
Antimony, 

Arfenic (0» 
Iron. 

Sect. V. Of Copper. 

Except gold and filver, copper feems to have been 

*31 
Copper. 
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more early known than any other metal. In tne fird a 
ages of the world, before the method of working iron v 
was difeovered, copper was a principal ingredient in all 

domeftic utenfils and inftruments of war. Even during 

the Trojan war, as we learn from Homer, the comba¬ 
tants had no other armour but what was made of 

bronze, which is a mixture cf copper and tin. The 
w'ord copper is derived from the ifland of Cyprus, where 
it was fir ft difeovered, or at lead wrought to any ex¬ 

tent, by the Greeks. 95 
Copper is of a pale red colour with a (hade of yd-Prcperties 

low. Its talle is ftyptic and naufeous ; and when rub- of copper, 

bed it emits a difagreeable fmell. It pofiefles a confi- 
derable degree of malleability, though lefs than filver. 

Its tenacity is fuch, that a wire of to of an inch in dia¬ 
meter can fuftain a weight of 299* pounds without 

breaking*. * MacquerV 
Its hardnefc is 8f. Its fpecific gravity, when not Din 

hammered, is 7,788 ; when wire-drawn, 8,878 J. The 

fpecific gravity of Japan copper is 9,000$ ; that °fJZy/r 

Svvedifir copper, 9,3243 ||. # \ BriJJon. 

It melts at 27° Wedgewood 5 according to the cal- § fair's 

culation of the Dijon academicians, at 1449° Fahrenheit. ^tes 
When allowed to cool flowly, it affumes a cryftalline^^r' 
form. The Able Monge, to whom we owe many jj Bergman, 

valuable experiments on the cryftallization of metals,ii. 363, 
informs us, that thefe cryftals are quadrangular pyra¬ 
mids, frequently inferted into one another. . . 96 

When copper is heated red hot in conta£l with air, Brown 

it is foon covered with a brown earthy cruft, which may oxlde of 
be eaiily feparated by hammering or by plunging the me-C0I>fer* 
tal into water. If the heat be continued, another fcale 
of the fame kind fcou forms ; and by continuing the 
proetfs the whole metal may be converted into an ear¬ 
thy-like cruft, which is merely a combination of copper 
and oxygen, and is therefore called brown oxide of copper. 

It is compofed of about 84 parts of copper and 16 of 

oxygen#. # 
When copper is diffolved in fulphurie acid, and Pre*4s^r*”* 

cipitated by means of lime, it falls in the form of a blue- 97 
coloured powder, which is t hu- blue oxide of copper. If Blue and 
this oxide of copper be dried in the open air, it affumes 
a green colour, and is then called the green oxide of cop¬ 
per, This lafl oxide may alfo be produced by diddling 
a fufficient quantity of nitric acid off copper. Little 
fatisfaftory is yet known with refpecl to thefe oxides; 
it has not even been afeertained whether the blue and 
green be really two different oxides, or whether, the dif¬ 
ference in colour be owing to fome other caufe. It is 
probable, however, that the green oxide contains more 
oxygen than the blue ; becauffi the blue oxide aflumes 
a green colour when expofed for fome time to the open 
air, during which it may be fuppofed to abforb oxygen. 
An experiment of Fourcroy proves inconteflibly, that 
the brown oxide contains lefs oxygen than the green. 
He converted the green oxide into the brown by applying 
heat; and during the diftillation obtained oxygen gasf. f Fourcrey 

The affinities of the oxides of copper, according to111, 1CI* 

Bergman, are as follows : Thef/affw 
Pyro-mucous acid £ nities. 
Oxalic, | Sxbridtel* 

_ Tartarous, 

(o) Ammonia is an alkali hereafter to be deferibed. It is often called, in Englifh, hartJJjorn. 

(p) We fhall have occafion to confider thefe celebrated experiments afterwards. 

(qj Thefe two are added from Bergman. Bergman places had before tin, and zinc before, bifmutli. 
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Sulphuret 
of copper. 

Tartarous, 
Muriatic, 
Sulphuric, 

Saccholadlic, 

Nitric, 
Sebacic, 
Arfenic, 
Phofphoric, 

Succinic, 

Fluoric, 

Citric, 
Formic, 
JLaftic, 
Acetous, 

Boracie, 
Pruffic, 
Carbonic, 

Fixed alkalies, * 
Ammonia, 

Fixed oils. 
When copper is long expofed to the air, its furface' 

becomes covered over with a green cruft, which is green 

oxide of copper. This oxidation never penetrates be- 

yond the furface. 
Copper is not attacked by water at the boiling tern- 

perature ; but if cold water be allowed to remain long 
on its furface, the metal becomes partly oxidated. 

Sulphur mixes readily with copper. The combina¬ 
tion may be formed by mixing the ingredients together 
and applying a pretty ftrong heat. Sulphuret of copper 
is brittle, fofter than copper, of a black colour exter¬ 

nally, and within of a leaden grey. It is compofed, ac¬ 
cording to Kir wan's experiments, of 81 parts of copper 

* Ktrivan'i and 19 of fulphur*. 
Miner, ii. Mr Pelletier formed phofpkuret of copper by melting 

*°*'JOO together one ounce of copper, one ounce of phofphoric 

Phofphuret ghfs, and one dram of charcoal. It was of a, white 
copper, colour. On expofure to the air, it loft its luftre and 

+ de became blackifli j*. Margraf was the firft perfon that 
Chun. 1. 74«i formed this phofphuret. His method was to diftil 

phofphorus and brown oxide of copper together. It 
is formed moft eafily by proje&ing phofphorus into red 
hot copper. According to Pelletier, it contains 20 

$ Ibid. xiii. parts of phofphorus and 80 of copper %. This plier¬ 
s' phuret is harder than iron : It is not du&ile, and yet 

cannot eafily be pulverifed. Its fpecific gravity is 

§ Sage 7,1220. It cryftallizes in tetrahedral prifmsj. 
J»urn. de 1# Copper combines readily with gold when the two 

jasmin. 468.meta,s are me!ted together. The compound is of a 
joi reddifti colour, more fufible than gold, but lefs du&ile. 

Alloys of The proportions of the ingredients which form this al- 
copper j0y are not known ; nor would it be eafy to afeertain 

them, as the two metals are almoft equally fufible. The 
current gold of this country i^ compofed of 11 parts of 

gold and one part of copper. 
2. The alloy of copper and filver is made as eafily as 

that of gold, and the properties are equally unknown. 
It is harder and more fonorous than filver. The cur¬ 
rent filver coin of Britain is compofed of 15 parts of 

filver and one of copper. 

Iron, . 3. Platinum combines readily with copper. The al¬ 
loy is much more fufible than platinum ; it is du&ile, 
hard, takes a fine polifh, and is not liable to tarnifh. 
This alloy has been employed with advantage for com- 
pofing the mirrors of reflecting telefcopes, 

4. The amalgam of copper cannot be formed by Am¬ 
ply mixing that metal with mercury, nor even by the 
application of heat; becaufe the heat neceffary to melt 

copper fublimes mercury. Dr Lewis has given us fe- 
veral procefles for forming this amalgam. One of the 
fimpleft is to triturate mercury with a quantity of com¬ 
mon fait and verdigrife; a fubftance compofed of oxide 
of copper and vinegar. The theory of this procefs is 

not very obvious. 102 . 
The affinities of copper are, according to Bergman,Itsaflinitics 

#s follows : 
Gold, 
Silver, 

Arfenic, 
Iron, 
Manganefe, 

Zinc, 
Antimony, 

Platinum, 
Tin, 

Lead, 
Nickel, 
Bifmuth, 
Cobalt, 
Mercury, 

Sulphuret of alkali, 
Sulphur, 

Phofphorus. 

Sect. VI. Of Iron. 
*°3 

Iron, the moft abundant and moft ufeful of all theDifcovery 
metals, was neither known fo early, nor wrought foot iron, 

eafily, as gold, filver, and copper. For its difeovery 
we mnft have recourfe to the nations of the eaft, among 
whom, indeed, almoft all the arts and fciences firft 
fprung up. The writings of Mofes (who was born 
about 1635 years before Chrift) furnifli us with the 
ampleft proof at how early a period it was known in 
Egypt and Phoenicia. He mentions furnaces for work¬ 

ing iron*, ores from which it was extraCledf ; an^*Deut iv 
tells us that fwords J, knives §, axes ||, and tools for %0t 
cutting (tones ^J, were then made of that metal. Howt Ibid. viii. 

many ages before the birth of Mofes iron muft have 9- 

been difeovered in thefe countries, we may perhaps 

ceive, if we reflect, that the knowledge of iron was j LeVit. i. 
brought over from Phrygia to Greece by the Da£tyli*,i7. 
who fettled in Crete during the reign of Minos I. about || Byut. 

1431 years before Chrift ; yet during the Trojan war,^/^xxvii. 
which happened 200 years after that period, iron was^t 
in fuch high eftimation, that Achilles propofed a ball* Hefod, aa 
of it as one of his prizes during the games which he quoted by 

celebrated in honour of Patroclus (r). At that period 
none of their weapons were formed of iron. Now ifc * 
the Greeks in 200 years had made fo little progrefs in 

an art which they learned from others, how long muft 
it 

(r) AVTCCg nO-OXOV tCVTO^OUvOVy 

'Ov nptv yttfv piffTCicrKt ftiyct (rS'fvOf 

A*V tITOl T0V t7Ti<pVt CToi'flfpXHf SlOS 

Toy 
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C H E M I 
it have taken the Egyptians, Phrygians, Chalybes, or 
whatever nation firft difcovered the art of working iron, 

to have made that progrefs in it which we find they had 
done in the days of Mofes ? 

Iron, when frefh broken, is of a bluifh grey colour. 

It lias a ftyptic tafte, and emits a fmell when rubbed. 
It is malleable and ductile in every temperature ; and 

its malleability is increafed in proportion as the tempe¬ 
rature augments. Its tenacity is fuch, that an iron 
wire of an inch in diameter fuftains a weight of 450 
pounds without breaking *. 

Its hardnefs is fuch, that it may be eafily reduced to 
powder by the application of a file. Its fpecific gra. 

vity is 7,788. It is infufible in the ftrongeft heats hi¬ 
therto produced. 

It is attracted by the magnet or loadftone, and is it- 
felf capable of becoming magnetic ; but it retains this 
property only for a very fliort time. 

It is not hardened by being plunged into liquids 
while hot, nor foftened by being cooled flowly. 

Iron combines with oxygen very readily. When 
kindled in oxygen gas, it burns with great rapidity and 
fplendor, and is in this manner converted into an oxide. 
It is converted into an oxide alfo when furrounded by 
moift air, or when plunged in water ; becaufe it lias a 
ftronger affinity for oxygen than hydrogen has, and is 
therefore capable of decompofing water. 

Mr Prouft has lately proved, that there are only two 
oxides of iron, the green and the brown or red, and that 
all the other fuppofed oxides are merely mixtures of thefe 
two in various proportions f. 

The green oxide may be obtained by diffolving iron in 
’fulphurie acid, and then precipitating it by potafs. It 
is a light, green*coloured, earthy-like fubllance, com- 
pofed, as Mr Lavoifier lias fhewn, of 27 parts of oxy¬ 
gen, and 73 of iron When this oxide is expofed to 
the air, it quickly abforbs more oxygen, and is con¬ 
verted into a brown powder, which is the brown oxide. 

Mr Proud has proved that it contains 52 parts of 
iron and 48 of oxygen. This oxide is well known 
under the name of rujl of iron, which is generally, how¬ 

ever, or perhaps always, combined with carbonic acid 

gas- 
The affinities of thefe oxides, according to Bergman, 

are as follows: 
Gallic acid ? 
Oxalic acid, 
Tartar ous, 
Camphoric §, 
Sulphuric, 

Saccholadtic, 
Muriatic, 
Pyromucous ||, 
Nitric, 

Sebacic, 
Phofphoric, 

Arfenic, 
Suppl. Vol. I. Part, I. 
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Fluoric,* 
Succinic, 
Citric, 
Formic, 

La&ic, 
Acetous, 
Boracic, 
Pruffic, 

Carbonic. 

Iron unites readily with fulpliur. Sulphuret of iron, SuJphuret. 
formerly called pyrites, is found ready formed in many 

parts of the world. It is not eafy to determine the 

proportions of its ingredients, becaufe it is capable of 
combining both with iron and fulpliur, and confequent- 
ly, if there happens to be any excefs of either during its 

formation, it takes it up. Perhaps the proportions are 
not far from equal parts of fulphur and of iron. It is 
of a pale yellow or brownifh colour, and is capable of 

afTuming a cryftalline form. Its fpecific gravity is a- 
bout 4,000. When placed upon the fire it precipi¬ 
tates ; and at a red heat lofes its yellow colour, and be¬ 

comes of an iron grey, excepting its furface, which is 
of a bright red. It melts at 102° Wedgewood in a 
covered crucible into a bliiilh flag, fomewhat porous 

internally*. When expofed to air and moifture, the * Kir^ani 
fulphur, as happens in all fulphurets, gradually abforbs u- 
oxygen, and is converted into an acid. 7^ 

If iron filings and fulphur be mixed together, and 
formed into a pafle with water, the fulphur decompofes 

the water, and abforbs oxygen fo rapidly, that the mix¬ 
ture takes fire, even though it be buried under ground. 
This phenomenon was firft difcovered by Homberg 5 

and it is conlidered as affording an explanation of the 
origin of volcanoes. The native fulphuret of iron has 
been obferved more than once to take fire on being fud- 
denly moiftened with water. 

Iron combines readily with phofphorus, and forms p,'0? 
phofphuret of iron ; to which Bergman, who firli difco-lrct, 
vered it, gave the name offiderum. 

There is a particular kind of iron, known by the 
name of coldfloort iron, becaufe it is brittle when cold, 
though it be malleable when hot. Bergman was em¬ 

ployed at Upfal in examining the caufe of this proper¬ 
ty, while Meyer was occupied at Stetin with the fame 
iriveftigation ; and both of them difcovered, nearly at 
the fame time, that, by means of fulphurie acid, a white 
powder could be feparated from this kind of iron, which 
by the ufual procefs they converted into a metal of a 
dark fteel grey, exceedingly brittle, and not very fo- 
luble in acids. Its fpecific gravity was 6,700 ; it was 
not fo fufiblc as copper; and when combined with iron 

rendered it cold Jhort. Both of them concluded that 
this fubllance was a new metal; and Bergman gave it 

the name o£ Jiderum. But Ivlaprotli foon after recoi¬ 

ling that the fait compofed of phofphoric acid and 
iron bore a great refeinblance to the white powder ob¬ 

tained from cold fliort iron, fufpefted the prefence of 

® g phofphoric 

Tov ctyit tv vntort a-uv a\\ot<n KTiecricr<ri. 

Stjj r agQoc, Kat ptvdov tv Apy^otcriv tenriv* 

Ofvu<r3-% 01 *ai rwry cesQxy 
Ei ol kxi ftctkhc< xowov axoxpo^t iriovtg ccypot, 

fjctv %at xeptx\opc.tvvq mavryf 
XptapctvoC y ft.iv yxp ot aTtpifiopcivoc yt 1rtfngv 

Uotf^nv, vJ’ etpornp, «<x* eq xoktv, ukkx xccpi^u, Iliad, xxiii. 1. 826. 
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phofphoric acid in this new metal. . 
point, he combined phofphoric acid and iron, and ob 
tained, by heating it in a crucible along with charcoal 
powder (s), a fubftance exactly refembhng the new 
metal. Meyer, when Klaproth communicated to him 

this difeovery, informed him that he had already fatis- 
Sed himfelf, by a more accurate examination, that fide- 
rum contained phofphoric acid. Soon after this Sclieele 

actually decompofed the white powder obtained trom 
cold (hort iron, and thereby demonftrated, that it was 
compofed of phofphoric acid and iron. 1 he iiderum 
of Bergman, however, is compofed of phofphorus and 

iron, the phofphoric acid being deprived of its oxygen 
during the reduBion; or it is phofphuret of iron. It 

may be formed by fufing in a crucible an ounce of phoi- 

phoric glafs, an ounce of iron, and half a dram of char- 
coal powder. It is very brittle, and appears white when 
broken. When expofed to a ftrong heat, it melts, and 

the phofphorus is diflipated *. It may be formed alfo 
by melting together equal parts of phofphoric glafs and 

iron filings. Part of the iron combines with the oxy¬ 
gen of the phofphoric glafs, and is vitrified ; the reft, 

forms the phofphuret, which finks to the bottom of the 
crucible. It may be formed alfo by dropping fmall 

bits of phofphorus into iron filings heated red hot f. 

The proportions of the ingredients of this phofpuret 

have not yet been determined. 
Iron likewife combines with carbon, and forms a 

carburet. Carburet of iron has been long known and 
ufed in the arts under the names of plumbago an A black 
lead It is of a dark iron grey or blue colour, and has 
fomething of a metallic luftre. It has a greafy feel, and 
blackens the fingers, or any other fubftance to which 1 

is applied. It is found in many parts of the world, el- 
pecially in England, where it is manufactured into pen¬ 

cils It is not affefted by the moft violent heat as long 

a, air is excluded, nor is it in the lead altered by Ample 
expofure to the air, or to water. Its nature was firft 

inveftigated by Schecle ; who proved, by a very inge¬ 
nious analyfis, that it could be converted almoft wholly 
into carbonic acid gas, and that the fmall refiduum was 
iron It follows from this analyfis, that it is compoied 
of -arbon and iron ; for the carbon, during its combui- 

tion, had been converted into carbonic acid gas. By 
the fubfequent experiments of Pelletier and other french 

chemifts, it has been (hewn to confift nearly of nine 

parts of carbon to one of iron. 
* There are a great many varieties of iron, which ar- 

tifts diftinguifh by particular names ; but all of them 
may be reduced under one or other of the three follow¬ 

ing ftates : Wrought iron (or Amply tron),Jhel, and cajt 

or raw iron. . , 
Wrought Iron is the fubftance which we have been 

hitherto deferibing. As it has never yet been decom¬ 
pounded, we confider it when pure as a fimple body ; 
but it has feldom or never been found without iome 
fmall mixture of foreign fubftances. Thefe fubftances 

are either fome of the other metals, or oxygen, carbon, 

or phofphorus. . . r .. . _ 
Steel is diftinguifhed from iron by the following 
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To decide the lead it acquires this property by being immerfed while Iron. 

^ It is fo hard as to be unmalleable while cold, or at 

ignited into a cold liquid : for this immerfion, though 

it has no effect upon iron, adds greatly to the hardnefs 

of JleeL 
It is brittle, refills the file, cuts glafs, afFords fparks 

with flint, and retains the magnetic virtue for any length, 

of time. 
It lofes this hardnefs by being ignited and cooled very* 

flowly. 
It melts at above 130° Wedgewood. It is malleable 

when red hot, but fcarcely fo when raifed to a white heat. 
It may be hammered out into much thinner plates 

than iron. It is more fonorous ; and its fpecific gra¬ 
vity, when hammered, is greater than that of iron. 

By being repeatedly ignited in an open veffel, and 

hammered, it becomes wrought iron *. . * Dr Pear* 

Cast Iron is diftinguifhed by the following pro-yo« on 
perties : t tVootz^TbiU 

It is fcarcely malleable at any temperature. It is ge-lrarf' 

nerally fo hard as to refill the file. It can neither be*Caft£on> 
hardened nor foftened as Heel can by ignition and cool¬ 

ing. It is exceedingly brittle. It melts at 130° Wedge- 
wood. It is more fonorous than Heel f. . f Ibid* 

Call iron is converted into wrought iron by expofing it 
for a confiderable time in a furnace to a heat fufiiciently 
ftrong to melt it. During the procefs it is conllantly 
ftirred by a workman, that every part of it may be 
equally expofed to the air. In about an hour the hot- 
teft part of the mafs begins to heave and fwell, and to * 
emit a lambent blue flame. This continues nearly an 

hour ; and by that time the converfion is completed. 

The heaving is evidently produced by the emiftion of an 

elaftic fluid J. . t Beddoes, 
Wrought iron may be converted into Heel by being Phil. Tranf 

kept for fome hours in a ftrong red heat, furroundedI79I* 

with charcoal powder in a covered crucible. By this 

procefs, which is called cementation, the iron gains fome 

weight. < 114 
Thefe different kinds of iron have been long known, Caufe of 

and the converting of them into each other has been thefe va- 

pra&ifed in very remote ages. Many attempts have netie!'# 
been made to explain the manner in which this conver¬ 
fion is accomplifhed. According to Pliny, Heel owes 

its peculiar properties chiefly to the water into which it 
is plunged in order to be cooled §. Beecher fuppofed^ pi;„yt 

that fire was the only agent ; that it entered into the 1. xxxiv. 14- 

iron, and converted it into Heel. Reaumur was the firft 
who attended accurately to the procefs; and his nume¬ 
rous experiments have certainly contributed to elucidate 

the fubjedl. He fuppofed that iron was converted in¬ 
to fteel by combining with faline and oily or fulphure- 

ous particles, and that thefe were introduced by the 
fire. But it was the analyfis of Bergman, publilhed in 
1781, that firft paved the way to the explanation of 
the nature of thefe different {peeks of iron. 

By diffolving in diluted fulphuric acid 100 parts of call 

iron, he obtained 40 ounce meafures of hydrogen; from 
looparts of fteel he obtained48 ounce meafures; and from 
100 parts of wrought iron, 50 ounce meafures. Now as 
the hydrogen is produced by the property which iron has 
of decompofing water and uniting with its oxygen, it is 

evident that the greater the quantity of hydrogen ob¬ 
tained* 

(s) This procefs in cheraiftry is called rcduBion. 
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Iron, tamed, with the mere oxygen does the iron combine. 

.But the quantities of iron were equal ; they ought 

therefore to have combined with equal quantities of oxy¬ 
gen. But it is evident, from the quantities of hydro¬ 
gen obtained, that the call iron received lefs oxygen 
than either of the other two : call iron therefore muft 
contain already fome oxygen, fince it requires lefs than 
the other two fpecies in order to be faturated. Here 

then is one difference between caff iron and the other 
two kinds ; it contains oxygen. Steel, on the contrary, 
does not appear to contain any oxygen The difference 

between the quantity of hydrogen produced during its 
folution and that of wrought iron, which contains no 
oxygen, is exceedingly fmall, and it has been found to 

diminifh in proportion to the purity of the fleel. 
From 100 parts of call iron Bergman obtained 2,2 

of plumbago, or ; from 100 parts of fteel, 0,5, or 
tJ-g-; and from 100 parts of wrought iron, 0,12, or 
•piv Now plumbago is compofed of -r^ths of carbon; 
call iron therefore contains a confiderable quantity of 
carbon, fleel a fmaller quantity, and wrought iron a ve¬ 
ry minute portion, which diminifhes accordingto its pu¬ 
rity, and would vanifh altogether if iron could be ob¬ 
tained perfedlly pure. Mr Giignon, in his notes on this 
analyfis, endeavoured to prove that plumbago was not 
effentially a part of call iron and fleel, but that it was 
merely accidentally prefent But Bergman, after confi- 
dering his obje&fons, wrote to Morveau on the 18th No¬ 
vember 1783. ** I will acknowledge my miflake when¬ 
ever Mr Grignon fends me a fingle bit of call iron or fleel 
which does not contain plumbago; and I beg of you, my 
dear friend, to endeavour to difeover fome fuch, and to 
fend them to me ; for if I am wrong, I wifh to be unde- 

* McrveauyCQbred as foon as poflible This was almoft the lafl 
Encyd. Me- adlion of the illuflrious Bergman. He died a few months 
thod. Cht after at the age of 49, leaving behind him a mofl bril- 

mU) lm 44°* liant reputation, which no man ever more defervedly 

acquired. His induflry, his indefatigable, his aflonifh- 
ing induflry, would alone have contributed much to ef- 
tablifh his name ; his extenfive knowledge would alone 
have attradled the attention of philofophers ; his inge¬ 
nuity, penetration, and accurate judgment, would alone 
have fecured the applaufe ; and his candour and love of 
truth procured him the confidence and the efleem of 
the world —But all thefe qualities were united in Berg¬ 
man, and confpired to form one of the greatefl men and 
noblefl charaClers that ever adorned human nature. 

The experiments of Bergman were fully confirmed 
by thofe of Morveau, Vandermonde, Monge, and Ber- 
thollet, who have likewife thrown a great deal of addi¬ 
tional light on the fubjedl. From all thefe experiments 
the following deductions may be made. 

Wrought iron is a fimple fubllance, and if perfectly 
pure would contain nothing but iron. 

Steel is iron combined with carbon. The proportion 
of this lafl ingredient has not yet been afeertained ; Dr 
Pearfon fixes it at T^th part at a medium. Steel, in 
confequence of its compofition, has been called by fome 
chemifls carburet of iron ; but before aligning it that 
name, which has been alfo given to plumbago, it ought 
to be determined what are the proportions of carbon 

and iron which faturate each other. Is it the propor¬ 

tion in which thefe two fubflances cxifl in fleel, or that l**00, 
which forms plumbago ? In the firfl cafe, plumbago is 11 v 
carburet of iron combined with carbon ; in the fecond, 
fleel is carburet combined with iron. Or is it fome in¬ 
termediate proportion ? Till thefe points be determined, 

perhaps it would be better to continue the old names 

than to rifle the impofing of falfe ones. 
Cajl iron is iron contaminated with various foreign 

fubflances, the proportions of which vary according to 
circumflances. Thefe fubflances are chiefly oxide of 

iron and carbon, and fometimes filica (t). 

Bergman found a quantity of manganefe in the iron 
and fleel which lie examined ; but it appears from the 
experiments of Vauquelin, that his method of determi¬ 

ning the prefence of that metal was not accurate. 
Mr Vauquelin * has lately analyfed four kinds of fleel * 70Vr* 

with great care, and contrived his proceffes with much tT![s',r b,efi 
. 0. r_. . . r. . if- r 11 A icbolfcn s 
ingenuity, ihe reiult of his analyfis is as follows : Journal, i. 

f*Carbon, - 0,00789 7,001 ^ 

Firfl fteel, compofed of ) pHoJhoruSj °’C°3 ’5 ^auque'. 

flron, - 
0,00345 lin’s analy- 

0,98551 of 

f Carbon, 

Second fleel, compofed of < p]Jkf^horus 

LIron, - 

0,00683 
0,00273 
0,00827 

0,98217 

f Carbon, 

Phofphorus, 
Iron, - 

0,00789 
0,00315 

0,00791 

0,98105 

r Carbon, 

Fourth fteel, compofed of i pJ^horus> 

(_Iron, - 

0,00631 
0,00252 
0,01520 

°>97597 

It cannot be concluded from thefe experiments that 
all fleel contains phofphorus and filica; far lefs that 
thefe fubflances enter necefTarily into the compofition 
of fleel. This may be the cafe, and former analyfes may 
not have been nice enough to deteCt it ; but before it 
can be admitted, it mufl be fhewn that thefe fubflances 
are always prefent in Heel, and that it lofes its effential 
properties when deprived of them. 

Iron combines with mofl metals. 

1. The alloy of gold and iron is very hard, and might, Alloys of 

according to Dr Lewis, who examined it, be employed Hon. 
with advantage in forming cutting inflruments. 

2. That iron combines with filver is certain, but 

hardly any thing is known about the nature of the 
compound. 

3. Platinum is ufnally found alloyed with iron. Dr 

Lewis did not fucceed in his attempts to unite thefe 

Cr g 2 met aL 

(t) An earth which fhall be deferibed in the next chapter. 
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platinum. The alloy was exceffively hard, and poffcfled 

ductility. ^ ' 
4. There is very little affinity between iron and mer¬ 

cury ; they cannot therefore be amalgamated by fimple 

mixture, even with the affiftance of heat. Vogel affirms 
that he has produced an amalgam of iron by the follow¬ 
ing proccfs : Pound one part of iron filings and two 
parts of alum in a mortar to a fine powder ; then pour 
in two or three parts of mercury, and triturate till the 

fubitarices be thoroughly mixed. Pour 011 a little wa¬ 
ter, and continue the trituration for about an hour. If 

then no particles of iron can be diftinguifhed, pour on 
a little more water to wafh out the alum, and then dry 
the amalgam. If particles of iron be perceptible, the 

trituration mud be continued till they difappear*. 
Iron may be united to copper by fufion, but not 

without confiderable difficulty. The alloy has been ap¬ 

plied to no ufe. 
Its affinities. The affinities of iron, according to Bergman, are as 

follows : 
Nickel, 
Cobalt, 
Manganefe, 

Arfenic, 
Copper, 

Gold, 
Silver, 

Tin, 
Antimony, 
Platinum, 
Bifmuth, 

Lead, 
Mercury, 

Sulphuret of alkall> 
Carbon ? 

Pliofpborus ? 
Sulphur ? 

Sect. VII. Of Tin. 

The Phenicians were the did of thofe nations which 
make a figure in ancient liidory that were acquainted 
with tin. They procured it from Spainf and from Bri¬ 
tain, with which nations they carried on a very lucra¬ 
tive commerce. At how early a period they imported 

this metal we may cafily conceive, if we recoiled! that 

$ Numbers, it was in common life in the time of Mofes 
Tin is of a greyifh white colour : it lias a ftrong dif- 

and emits a peculiar fmell when rub¬ 

bed. 
It is very malleable ; tin-leaf, or tinfoil as it is called, 

is about TU^th Part an inch thick, and it might be 
beat out into leaves as thin again if fuch were wanted 
for the purpofes of art. Its dudlility, however, is ex* 
ceedingly imperfedf ; for a tin wire -/5th of an inch in 
diameter, is capable of fupporting only 49 pounds with- 

$ Macquer /0ut breaking §. It is very flexible, and produces a crack- 
Dt&totiory. j* noife when bended. 
|| Kirivan s \ ^ r . _ , „ 
Miner. ii. 

119 
Oxide9, 

Tin unites very readily with oxygen. When heated 

in contadl with air, its furface foon becomes covered v 
with a grey pellicle ; when this is taken off, another 

appears foon after; and in this manner the whole metal 
may be converted into a dirty grey powder, which is 

the grey oxide of tin. It is compofed, according to 

Tourcroy, of 90 parts of tin and 10 of oxygen. 
When tin is heated red hot in contadt with air, it 

takes fire *, and burns with a very lively white flame, and* Gcoffi^ 

is gradually fublimed. If the fublimate be examined, 
it is found to confifl of a white powder ; it is the white 
oxide of tin. The white oxide is perhaps never obtained 

quite pure by this procefs ; it feems always to contain a 
mixture of grey oxide : but it may be obtained pure by 
pouring nitric acid upon tin, and then drying it. That 
metal having a much ftronger attra&ion; for oxygen 

than azot has, decompofes the acid with the greatelt 
rapidity, and alfurnes the appearance of a white powder, 
which is the white oxide. This oxide poffeffes many of 
the properties of an acid, and is therefore often called 

Jlannic acid. It feems to confift of about 77 parts of tin 
and 23 of oxygen f. t Kirwan * 

The affinities of the grey oxide of tin, according to^nlu* 

Bergman, are as follows 

t Pliny, 1. 
A• c. 34. 
end 1. 34. c. 
47- 

XXXI. %%. 
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Pyromucous acid f,. 

Sebacic acid. 
Tartaric, 
Muriatic, 
Sulphuric, 
Oxalic, 
Arfenic, 
Phofphoric,. 

Nitric, 
Succinic, 
Fluoric, 
Saccholadlic, 

Citric, 
Formic, 
La£!ic, 
Acetous*, 

Boracic* 
Pruffic., 

£ ScbricletL 

HO- 

This fulphurct Sulphuret** 

of tin; 

Its hardnefs is 6 ||. Its fpecilic gravity is 7,291 ; 

after hammering, 7,299 «[|. 
It melts at the temperature 41 o°, according to Dr 

Lewis; according to the Dijon academicians, at 4190. 
When heated red hot in clofe vcffels it fublimes. It 

195. 
Brijfon. 
Pujoty 

four, de 

xxxviii. ys. cryltallizes in the form of a rhomboidal prifm* 

Tin combines readily with fulphur, 
may be formed by fufing the two ingredients together, 
It is brittle, heavier than tin, and not fo fufible. It is 
of a bluifh colour and lamellated ftru&ure, and is ca¬ 
pable of cryltallizing. According to Bergman, it is 
compofed of 80 parts of tin and 20 of fulphur ^accord¬ 
ing to Pelletier, of 85 parts of tin and 15 of fulphur §. § Ann.de 

Sulphur likewife combines with the white oxide of Chun. xiii. 

tin, by mixing them together, and applying a gentle2 7* 
heat ||. This compound has been called aurum inufivum. y peiutier> 

It is a. mafs confiding of beautiful gold-coloured flakes, ibid. p- 297- 

and is ufed as a paint. It is compofed of about 40 parts 
of fulphur and 60 of white oxide of tin ^[.. The proccfs^ Ibid. 

for making this fubftance was formerly very complica¬ 
ted. Pelletier firft demonftrated its real composition, 
and was hence enabled to make many important im¬ 

provements in the manner of manufa&uring it *. ^ * s^*9 
Phofphorus is eafily combined with tin, by melting in 9 

a crucible equal parts of filings of tin and phofphoric xiii# 
glafs. Tin has a greater affinity for oxygen than phof-afco. 

phorus has. Part of the metal therefore combines with 
the 

ret, 

jai 

the pho(Vhu- 
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Alloy*, 

Part I. C H E M 1 
Tin. the oxygen of the glafs during the fufion, and flies off 

' in the ftate of an oxide, and the reft of the tin combines 
with the phofphorus. The phofphuret of tin may be 
cut with a knife ; it extends under the hammer, but fe- 

parates in laminae. When newly cut it has the colour 
of filver ; its filings refemble thole of lead. When thefe 
filings are thrown on burning coals, the phofphorus 
takes fire. This phofphuret may likewife be formed by 
dropping phofphorus gradually into melted tin. Ac¬ 
cording to Pelletier, to whole experiments we are in¬ 
debted for the knowledge of all the phofphurets, it is 

compofed of about 85 parts of tin and 15 of phofpho- 

HAnn.de rus*. Margraf alfo formed this phofphuret, but he 
Chim. xiiv was ignorant of its compofition. 
Sl6- Tin does not feem capable of combining with car¬ 

bon. -It is capable of combining with moll of the me¬ 

tals. 
1. It mixes readily with gold by fufion ; but the 

proportions in which thefe metals combine chemically 

are ftill unknown. When one part of tin and twelve 
of gold are melted together, the alloy is brittle, hard, 
and bad coloured. Twenty-four parts of gold and one 
of tin produce a pale coloured alloy, harder than gold, 
but poffeffed of confiderable du&ility. Gold alloyed 
with no more than T’Tth of tin is fcarcely altered in its 

f ATcbcrne, properties, according to Mr Alchorne*j~; but MrTillet, 
Fhil. Travf. w^0 has lately examined this alloy, found, that when¬ 

ever it was heated it broke into a number of pieces. 
2. The alloy of filver and tin is. hardly known. Ac¬ 

cording to Gellert and fucceeding chemifts, it is exceed¬ 

ingly brittle. 
3. The alloy of platinum and tin is very fufible and 

brittle, at leaft when thefe metals are mixed in equal 

$ Dr /.^//.proportions J. 
4. Mercury diffolves tin very readily, by being pour¬ 

ed on it when melted. This amalgam cryftallizes in the 
form of cubes, according to Daubenton ; but, accord¬ 

ing to Sage, in grey brilliant fquare plates, thin to¬ 
wards the edges, and attached to each other fo that the 
cavities between them are polygonal. It is compofed of 
three parts of mercury and one of tin. The amalgam 
of tin is ufed to filver the backs of glafs mirrors. 

5. Tin unites very readily with copper, and forms al¬ 

loys known by the names of bronze and belUmetal. The 
proportions of the ingredients cannot eafily be afiigned, 
perhaps becaufe the alloy has an affinity both for copper 
and tin. The fpecific gravity of the alloy in all propor¬ 
tions is greater than the mean fpecific gravity of the two 
metals feparately. When the quantity of tin is fmall com¬ 
pared to that of the copper, T^th for inftancc, the alloy 
is called bronze : it is brittle, yellow, and much heavier 
than copper; much more fufible, and iefs liable to be al¬ 
tered by expofure to the air. It was this alloy which the 

✓ ancients ufed for fharp-edged inftruments before the me¬ 
thod of working iron was brought to perfe&ion. The 
^«xxof of the Greeks, and perhaps the as of the Ro¬ 
mans, was nothing elfe. Even their copper coins con¬ 

tain a mixture of tin §. 
6. Tin feems capable of being united to iron by fu¬ 

fion. That there is an affinity between thefe metals is 

PJbyf. 1790. evident from their adhefion when iron is dipt into melt- 
123 ed tin. This is the method of making tinplate. 

Andaffini. The affinities of tin. according to Bergman, are as 
Ue50ftul- follows: 

§ See 
JDizPs A- 

nalyfts, 
Jour, de 

S T R Y, 
Zinc, 
Mercury, 
Copper, 

Antimony, 
Gold, 
Silver, 

Lead, 
Iron, 
Manganefe, 
Nickel, 

Arfenic, 
Platinum, 
Bifmuth,- 

Cobalt, 
Sulphnret of alkali, 

Oxygen ? 
Sulphur ? 

Phofphorus \ 

Sect'. VIII. Of Lead. 

Lead appears to have been very early known. It is 

mentioned feveral times by Mofes. The ancients feem 
to have confidered it as nearly related to tin. ^ 

Lead is of a bluifh white colour, fomewbat darkerpr0pertfes 
than tin. When newly melted it is very bright, but of lead.- 

foon becomes tarnifhed by expofure to the air. It has 
fcarcely any tafte, but emits on fri&ion a peculiar fmell. 

It is very malleable, and may be reduced to thin 
plates by the hammer ; but its du&ility is very im¬ 
perfect : a wire of lead of an inch in diameter is 
only capable of fupporting a weight of 29^ pounds*. * Masquer s 

Its hardnefs is 5 f ; its fpecific gravity is 1 1,3^23 J. fx!ru‘an's 
Its fpecific gravity is not increaftd by hammering, neimMiner, ii, 
ther does it become harder, as is the cafe with other me-ao2. 
tals: a proof that the hardnefs which metals affume un-J BrJJln. 

der the hammer is in confequence of an increafeof denfity. 
It melts, according to Dr Lewis, at 540° Fahrenheit; 

according to the Dijon academicians, at 549°. Whea 
expofed to a violent heat it evaporates completely. 

When cooled flowly, after being fufed, it cryftallizes. 
The Abbe Mongez obtained it in quadrangular pyra¬ 

mids, lying on one of their fides. Each pyramid was 

compofed as it were of three layers. Pajot obtained it 
in the form of a polyhedron with 32 fides, formed by 

the concourfe of fix quadrangular pyramids f. $ Jour.de 

Lead llains paper or the fingers of a bluifh black co-Phyf. 
lour. xxxviii.53. 

Tliere is a ftrong affinity between this metal and oxy-^ 

gen. When nitric acid is poured upon it, an offervef- 
eence enfues, owing to the decompolition of the acid ; 
the lead feizes oxygen from it, and is converted into a 
white powder, which may be obtained pure by evapo¬ 
rating it to drynefs, and then wafhing it in pure water. 
This is the white oxide of lead. It is compofed of about 

95 parts of lead and five of oxygen ||. The affinities \\ Kirivans 
of this oxide are, according tc Bergman, as follows : Miner, ii. 

Sulphuric acid, -W* 

Sebacic, 

Sacchola£lic, 
Oxalic, 

Arfenic, 

Tartarous, 

Phofphoric, 
Muriatic, 

Benzoic* 



C H E M I 
Benzoic (u) ? 
Sulphurous^ 

Suberic?! , v 

Zoonic ? j '■C' 
Nitric, 

^ Pyromucous (v) J 

Fluoric, 
Citric, 

Formic, 
Ladic, 
Acetous, 

Boracic, 
Pruflic, 

Carbonic, 
Fixed alkali. 

When lead is expofed to beat in contadwith air, its 

furface is foon covered with a grey pellicle ; when this 

is taken off, another foon forms : and in this manner 
the whole lead may foon be converted into a dirty grey 
powder, which feems to be the white oxide mixed with 
2 little lead. When this powder is heated red hot, it af- 
fumes a deep yellow colour. This is the yellow oxide of 

lead, formerly called majficot. If the heat be continued, 
the colour is gradually changed to a beautiful red. This 
is the red oxide of lead, formerly called minium. It is 
compofed, as Lavoifier has fhewn, of 88 parts of lead 

and l 2 of oxygen*. 
The manner in which thefe changes are brought 

about is evident; the metal gradually abforbs oxygen 
from the atmofphere. This has been adually proved 
by experiment. Thefe oxides (if they really differ in 
the proportion of oxygen) refemble acids in feveral of 
their properties. They are very eafily converted into 

glafs by fufion. Scheele has (hewn that there is alfo a 

brown oxide of lcad> which contains more oxygen than 

any of the others. 
Sulphur unites eafdy to lead by fufion. The fulphu- 

ret of lead is brittle, of a deep grey colour, and much 
lefs fufible than lead. Thefe two fubftances are often 
found naturally combined ; the compound is then called 
galena. Sulphuret of lead is compofed, according to the 

experiments of Wenzel, of 868 parts of lead and 132 

f K'tr-wans of fulphurf. 
Miner. ii. Phofphuret of lead may be formed by mixing toge- 

49*- , ther equal parts of filings of lead and phofphoric glafs, 

and fufirig them in a crucible. It may be cut with a 

knife, but feparates into plates when hammered.. It is 
of a white filver colour with a fhade of blue, but it foon 

tarnifiles when expofed to the air. 1 his phofphuret 
may alfo be formed by dropping phofphorus into melt¬ 

ed lead. It is compofed of about 12 parts of phof- 

} Pelletier, phorus and 88 of lead 
Lead combines with rnoft of the other metals, 
i. Little is known concerning the alloy of lead and 

128 gold. It is faid to be brittle. 
-Alloys, and 

S T R Y. Part T. 
2. The alloy of filver and lead is very Fufible, and JUad. 

** Mem. 

Far. 1781. 
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Phofphu¬ 
ret, 

Jinn, de 

Cbim. xiii. 
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neither elaftic nor fonorous. 
3. Platinum and lead unite in a ftrong heat the al¬ 

loy is brittle, of a purplifh colour, and foon changes on 

expofure to the air *. * Feurcr$y% 

4. Mercury, when poured upon melted lead, diffolves 

it readily. The amalgam is white and brilliant, and 
affumes a folid form. It is capable of cryftallizing. 
The cryftals are compofed of one part of lead and one 

and a half of mercury f. f Dijon A- 

5. Copper and lead combine eafily by fufion ; but the **demicianu 

alloy lias not been applied to any ufe. 
6. Iron does not unite with lead. 
7. Lead and tin may be combined by fufion. The 

-alloy in the proportion of two parts of lead and one of 

•tin is more foluble than either of the metals feparately. 
It is accordingly ufed by plumbers as a folder. I2^ 

Lead, when taken internally, ads as a poifon. Its Affinities, 

affinities, according to Bergman, are as follows : 
Gold, 
Silver, 

Copper, 
Mercury, 

Bifmuth, 
Tin, 
Antimony, 
Platinum, 

Arfenic, 
Zinc, 
Nickel, 

Iron, 
Sulphuret of alkali, 
Sulphur, 

Phofphorus ? 130 

The ancients gave to the feven metals lafl defcribed Names and 

{omittingplatinum, which they did not know) the names 

of the planets, and denoted each of them by particular^ metaIg 

marks, which reprefented both the planet and the metal, by the an- 
Gold was the Sun, and reprefented by ©. dents. 

Silver the Moon, J). 

Mercury 

Copper 
Iron 
Tin 
Lead 

Mercury, 

Venus, 
Mars, 
Jupiter, 

Saturn, 

?• 
cf- 

It feems moff probable that thefe names were firft 
given to the planets ; and that the feven metals, the 
only ones then known, were fuppofed to have fome re¬ 
lation to the planets or to the gods that inhabited them, 

as the number of both happened to be the fame. It 
appears from a paffage in Origen, that thefe names firffi 

arofe among the Perfians (w). Why each particular 
metal was denominated by a particular planet it is not 

eafy to fee. Many conjedures have been made, but 

fcarcely any of them are fatisfadory* 
As 

(u) Benzoat of lead is decompofed by muriatic acid. Trommfdorf, Ann. de Ciim. xi. 317. 
(u) Suberic acid decompofes nitrat of lead. See Jamefoti’s Mineralogy, p. 166. Zoomc acid produces the 

fame effed, as Berthollet has obferved. 
(v) Schrickel places it after the three mineral acids. , 
(w) Contra Celfum, lib. vi. 22.-“ Celfus de quibufdam Perfarum myfferns fermonem facit. Hamm rerum, m- 

cuit, aliquod reperitur in .Perfarum dodrina Mithracilque eorum myfferns vefhgiuip. In ilhs emm duae caeleftes 
converfiones, alia ftellarum fixarum, errantiura alia, et animse per eas traufitus quodam fymbolo reprafentantur, 

guod hujufmodi eft. Scala altas portas habens, in-fumma autem ofiava porta. Pnma portarum plumbea, altera 



Fan I. C H E M 
Lead. As to the characters by which thefe metals were ex- 

preffed, aftrologers feem to have confidered them as the 

Orj1 Yn of attributes of the deities of the fame name. The circle 
thefe marks in the earlieft periods among the Egyptians was the 
according fymbol of divinity and perfection; and feems with great 
to the ai-. propriety to have been chofen by them as the character 
tro oger&, fun,efpecially as, when furrounded by fmall ftrokes 

projecting from its circumference, it may form fome re¬ 
presentation of the emillion of rays; The femicircle is, 
in like manner, the image of the moon ; the only one 

of the heavenly bodies that appears under that form to 
the naked eye. The character is fuppofed to repre- 

fent the fey the of Saturn ; 14. the thunderbolts of Jupi¬ 
ter ; c? the lance of Mars, together with his fhield ; J 

the looking-glafs of Venus \ and § the caduceus or wand 

of Mercury. 
The alchymifts, however, give a very different ac¬ 

count of thefe fymbols. Gold was the moft perfeCt me¬ 

tal, and was therefore denoted by a circle. Silver ap¬ 
proached neareft it; but as it was inferior, it was deno¬ 

ted only by a femicircle. In the character § the adepts 
difeovered gold with a filver colour. The crofs at the 
bottom exprefted the prefence of a myfterious fome- 
thing, without which mercury would be filver or gold. 
This fomething is combined alfo with copper; the pof- 
fible change of which into gold is expreffed by the cha¬ 
racter The charader declares the like honour¬ 
able affinity alfo ; though the femicircle is applied in a 
more concealed manner: for, according to the propereft 
mode of writing, the point is wanting at the top, or the 
upright line ought only to touch the horizontal, and 
not to interfeCt it. Philofophical gold is concealed in 
fteel; and on this account it produces fuch valuable 
medicines. Of tin, one half is filver, and the other con- 

132, 

According 
to the al- 
chymifts. 

lifts of the unknown fomething ; for this reafon the 
crofs with the half moon appears in %. in lead this 
fomething is predominant, and a fimilitude is obferved 
in it to filver. Hence in its charader the crofs ftands 

at the top, and the filver charader is only fufpended on 
the right hand behind it. 

The faCl, however, according to Profeflor Beckmann, 
from whom moft of the above remarks have been taken, 
feems to be, that thefe characters are mere abbreviations 
of the old names of the planets. “ The charader of 

*Hiftory o/Mars (he obferves*), according to the oldeft mode of 
Inventions, reprefenting it, is evidently an abbreviation of the word 

truncation under which the Greek mathematicians under- 

iii. 67. 

133 
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flood that deity ; or, in other words, the firft letter 
with the laft letter < placed above it. 1 he charader or 

Jupiter was originally the initial letter of Zfv?; and in 
the oldeft manuicripts of the mathematical and aftrolo- 

gical works of Julius Firmicus, the capital Z only is ufed, 
to which the laft letter <r was afterwards added at the 
bottom, to render the abbreviation more diftind. The 

fuppofed looking-glafs of Venus is nothing elfe than the 

initial letter diftorted a little of the word which 
was the name of that goddefs. The imaginary feythe 
of Saturn has been gradually formed from the two firft 

letters of bis name krv*ct which tranferibers, for the 
fake of difpatch, made always more convenient for ufe, 
but at the fame time lefs perceptible. To difeover in 
the pretended caduceus of Mercury the initial letter of 

his Greek name %T kGov, one needs only look at the ab^ 
breviations in the oldeft manuferipts, where they will 

find that the s was once written as C; they will remark 
alfo, that tranferibers, to diftingnifh this abbreviation 

from the reft flill more, placed the C thus O, and add* 
ed under it the next letter r. If thofe to whom this 

dedndion appears improbable will only take the trouble 
to look at other Greek abbreviations, they will find 
many that differ ft ill farther from the original letters 

they exprefs than the prefeiit charader $ from the C 
and r united. It is poffible alfo that later tranferibers, 
to whom the origin of this abbreviation was not known, 
may have endeavoured to give it a greater refcmblance 

to the caduceus of mercury. In fhort, it cannot be de¬ 
nied that many other aftronomical ebaraders are real 
fymbols, or a kind of proper hieroglyphics, that repre- 
fent certain attributes or eircumftances, like the cliarac- - 

ters of Aries, Leo, and others quoted by Saumaife.’, 

Sect. IX. Of Zinc. 

The ancients were acquainted with a mineral to which 

they gave the name of Cadmea, from Cadmus, who firft 
taught the Greeks to ufe it. They knew that when 
melted with copper it formed brafs ; and that when 

burnt, a white fpongy kind of affies was volatilifedf 134 
which they ufed in medicine*. This mineral contained Difcdvery 

a good deal of zinc ; and yet there is no proof remain-^ ^inc* 
ing that the ancients were acquainted with that me-j. 

tal (x). It is firft mentioned in the writings of Alber-and 10. 
tus Magnus, who died in 1280: hut whether he had 
feen it is not fo clear, as he gives it the name of mar- 

cafite of gold, which implies, one would think, that it 

had 

ftannea, tertia ex sere, quarta ferrea, quinta ex aere mixto, fexta argentea, feptima ex auro. K 
S'chty) TtvKn oySon. *H vpcjTrt to,jv ttv\uv fxoKt^SoVy n Sturtpoi KCMra-iTtpov, n Tptrt) ^a\*ou, r Tirotpr* j? 7ri/j.vT» x.xp<xrou 

vou.i<TfjLxroe. ft i'xTti un'yvpov, pvcov i iCSouY>‘ Primum affignant Saturno tarditatem lllius fidens plumbo mdicantes • 
alteram Veneri, quam referunt, ut ipfi quidem putant, ftanni fplendor et mollities ; tertiam Jovi, aheneam ilJam 

quidem et folidam : quartam Mercurio, quia Mercurius et ferrum, uterque operum omnium tolerantes, ad mtrea- 
turam utiles, laborum patientiffimi. Marti quintam, injequalem illam et variam propter rnixturam. Sextain, 

qua? argentea eft, lunas ; feptimam auream foli tribuunt, quia folis et lunae colores hasc duo metalla referunt.” ' 
Borrichius fufpe&s, with a good deal of probability, that the names of the gods in this paffage have been tranf- 

pofed by tranferibers, either through ignorance or defign. He arranges them as follows: “ Secundam portam 
faciunt Jovis, comparantes ei ftanni fplendorem et mollitiem ; tertiam Veneris aeratam et folidam; quartam Mar- 
tis, eft enim laborum patiens, aeque ac ferrum, celebratus liominibus; quintam Mercurii propter mifturam inasqua-* 

km ac. variam, et quia negotiator eft ; fextam Lu-nae* argenteam; feptimam Solis auream// 01. Borrichius .de 

ertu et progrejfu chemise. Hafniae, 1668, 4to, p. 29. 
(x) Grignon indeed fays, that fomething like it was difeovered in the ruins of an ancient Roman city in 

Champagne ; hut the fubllance which lie took for it was not examined with any accuracy. It is impoffible? 

therefore to draw any inference whatever from his affertion. Bulletin des fouilles d9une ville Romaine, p. 11. 
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CHE M I S T R Y. 
Lad a yellow colour (7). The word zinc occurs flrfl m 
the writings of Paracelfus, who died in 154 r. He in¬ 
forms us very gravely, that it is a metal, and not a me- 
ta-, and that it confifls chiefly of the alhes of copper *. 

This metal has alfo been called fpelter. 
Zinc has never been found in Europe in a (late of 

purity, and it was long before a method was difeovered 
of extracting it from its ore(z). Henkel pointed out 

one in 1721, and Von Swab obtained it by diftillation 
in 1742, and Margraf publifned a procefs in the Berlin 

- Memoirs in 1746'j-. 
It is of a bluifh white colour, fomewhat lighter than 

lead. It has neither tafte nor fmell. 
It has fome degree of malleability ; for by compref- 

fion it may be reduced into thin plates J ; but it cannot 

be drawn out into wire. It is more brittle when hot 

than when cold. 
s Its hardnefs is 6 §. Its fpecific gravity, when com- 

prefled, is 7,1908 || ; in its lifual Hate, 6,862 It 

melts at about 699° Fahrenheit*. 
. When allowed to cool flowly, it cryftallizes in fmall 

bundles of quadrangular prifms, difpofed in all direc- 

’* tions. If they are expofed to the air while hot, they 

aflume a blue changeable colour f. 
When ziric is kept melted in contaCl with air, it 

becomes covered with a grey pellicle, which gradually 

aflumes a yellowifh tint. By removing this pellicle 
from time to time, the whole of the metal may be redu¬ 

ced into a grey powder. This is the grey oxide of zinc. 

This oxide is probably compofed of about 85 parts of 
zinc and 15 of oxygen J. When zinc t3 violently heated, 
it burns with a bright white flame, and at the fame time 

a quantity of very light white flakes are fublimed. Thefe 
flakes are the white oxide of zinc, which contains a good 

deal more oxygen than the grey oxide (a). 

Zinc may alfo be oxidated by folution in acids, par¬ 

ticularly the nitric acid. Whether the oxide obtained 
by precipitating zinc from its folution in that acid, or 

by diftilling that acid off zinc, be really different from 
the white oxide, has not yet been properly ascertained; 

but one would be apt to fuipeS, from the experiments 
mentioned by Mr Kirwan, that it contained a good deal ^ ^ 

more oxygen *. # , . , . . 
The affinities of the oxides, or rather or the white 

oxide of zinc, are, according to Bergman, as follows : 

Oxalic acid. 
Sulphuric, 
Pyromucous f, t Bcl/schU 

Muriatic, 
SaccholaClic, 
Nitric, 
Sebacic, 
Tartaric, 

Phofphoric, 
Citric, 
Succinic, 
Fluoric, 
Arfenic, 

Formic, 
La&ic, 
Acetous, 

Boracic, 
Pruffic, 
Carbonic, 
Ammonia. 

There is an affinity between fulphur and zinc, as j*snlphuret, 
evident from thefe two fubflances being often found uni¬ 

ted ; but it is very difficult to form the fulphuret of 
zinc artificially, on account of the rapid oxidation and 
confequent volatilization of the zinc. Morveau, how¬ 

ever, fucceeded in forming it. .138 
Zinc may be combined with phofphorus, by dropping phoiphu- 

fmall bits of phofphorus into it while in a Hate of fu-rets, 
flon. Pelletier, to whom we are indebted for the expe¬ 
riment, added alfo a little refin, to prevent the oxida¬ 
tion of the zinc. Phofphuret of zinc is of a white co¬ 
lour, a metallic fplendor, but refembles lead more than 
zinc. It is fomewhat malleable. When hammered or 

filed, it emits the odour of phofphorus. When expo- 
fed to a ltrong heat, it burns like zinc t dnn. a? 

Phofphorus &>***•xm* 
129. 

(Y) The paffages in which he mentions it are as follows :—De Mineral, lib. ii. cap. ii. “ Marchafita, five 

marchaf.da ut quidam dicunt, eft lapis in fubftantia, et habet multas fpecies, quare colorem accipit cujudibet me- 
tali; et fic dicitur marchafita argentea et aurea, et fie dicitur aliis. Metallnm tamen quod eolorat eum non di- 

ftillat ab ipfo, fed evaporat in ignem, et lie relinquitur cinis inutilis, et Inc lapis notus ell apud alch.m.cos, et in 

multis locis veniuntur. ..... . n ,, . ^ n • n „ -r 
Lib iii cap 10 “ iEs autem invenitur in vems lapidis, et quod ell apud locum qui dicitur Goielana elt punt- 

fimum et optimum, et toti fubftantia: lapidis incorporatum, ita quod totus lapis ell iicut marcliaiita aurea, et pro- 

fundatum ell melius ex eo quod purius. . . . . , . ..... 
Lib v cap c “ Dicimns igitur quod marchafita dupheem habet in fui creatione fubilantiam, argenti vivi iu- 

licet mortificati, et ad fixionem approxima.itis, et fulphuris adurentis. Ipfam habere fulphure.tatem compenmus 

manifefta experientia. Nam cum fublimatur, ex ilia cmanat lubftant.a fulphurea mamfeica comburens. Et fine 

fublimatione fimiliter perpenditur illius fulphureitas. ...... , 
« Nam f. ponatur ad ignitionem, non fufeipit illam pnufquam inflammation fulphuris inflammetur, et ardeat. 

Ipfam vero argenti vivi fubilantiam ma.iifeflatur habere fenf,biliter. Nam albed.nem pneflat Vener. men argent., 
quemadmodum et ipfum argentum vivum, et colorem in ipf.us fubhmatione cseleft.utn prefer*, et luc.d.tacen. 
manifeitam metallicam habere vidimus, qns certum reddunt artilieem Alchinuae, illam lias fubllantias continere in 

^(z) The real dlfcoverer of this method appears to have been Dr Ifaac Lawfon. See Poll, III. DilT. 7. and 

JV<U)?ott!obkLctyth»t it was ^th heavier than tlie zinc from which it was obtained; and Mr Boyle had 

lone: before afeertained the fame fad.—Shaw’s Boyle, II. 39T > 394* . , - . . 
This oxide of zinc was well known to the ancients. Diofcorides defcribes the method of preparing it. The 

ancients called it pompholyx, the early chemifts gave it the name of lanaphilofophica. Diofcorides compares it to wool, 

ffiw towirais ctfouotov'lcui v* 85. 
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Part I. CHEM 
Zinc. Phofphorus combines alfo with the oxide of zinc, a 

compound which Margraf had obtained,during his ex¬ 
periments on phofphorus. When 12 parts of oxide of 
zinc, 12 parts of phofphoric glafs, and two parts of 
charcoal powder, are diftrlled in an earthen ware retort, 
and a ftrong heat applied, a metallic fubftance fublimes 
of a filver-white colour, which, when broken, has a vi¬ 
treous appearance. This, according to Pelletier, is 
phofphuret of oxide of zinc. When heated by the blow¬ 
pipe, the phofphorus burns, and leaves behind a glafs 
tranfparent while in fufion, but opaque after cooling*. 

Zinc alfo combines with carbon, and forms carburet 

of zinc. The French chemifts have flievvn that zinc ge¬ 
nerally contains fome carbon. 

Zinc combines with moft of the metals : 
1. It mixes with gold in any proportion. The 

alloy is the whiter and the more brittle the greater 
quantity of zinc it contains. An alloy, confiding of 
equal parts of thefe metals, is very hard and white, re¬ 
ceives a fine polifh, and does not tarnifh readily. It has 
therefore been propofed by Mr Malouinj* as very pro¬ 
per for the fpeeula of telefcopes. One part of zinc is 
laid to deftroy the ductility of ico parts of gold J. 

2. The alloy of filver and zinc is eafily produced by 

fufion. It is brittle. 
3. Platinum combines very readily with zinc. The 

alloy is brittle, pretty hard, very fufible, and of a bluifh 

§ Dr Lewis, white colour, not fo clear as that of zinc §. 
4. Zinc may be combined with mercury by fufion. 

The amalgam is folid. It cryftallizes when melted and 
cooled flowly into lamellated hexagonal figures, with 
cavities between them. They are compofed of one part 

j| Element deof zinc and two and a half of mercury ||. It is ufed to 
Chim. Di- rub on eledlrical machines, in order to excite ele&ri- 

Jon} t. 3. city. 

5. Zinc combines very readily with copper. This” 
alloy, which is called brafs, was known to the ancients. 
They ufed an ore of zinc to form it, which they called 
cadmia. This alloy was very much, valued by the an¬ 
cients. Dr Watfon has proved that it was to brafs 

Manche- which they gave the name of orichalcum^[. Theirs was 
foreran/, copper or rather bronze (b). Brafs is compofed of 
v°l. ii. about three parts of copper and one of zinc. It is of a* 

beautiful yellow colour, more fufible than copper, and 
not fo apt to tarnifh. It is malleable, and fo dudlile that 
it may be drawn out into wire. When the alloy con¬ 
tains three parts of zinc and four of copper, it affumes 
a colour nearly the fame with gold, but it is not fo mal¬ 
leable as brafs. It is then called pinchbeck, prince’s me- 
ial, or Prince Rupert’s metal. 

6. The alloy of iron and zinc has fcarcely been exa¬ 
mined : but Malouin has fhewn that zinc may be ufed 

Suppl. Vol. L Part I. 

I S T R Y. 241 
inflead of tin to cover iron plates ; <1 prOOr that there is Antimony, 

an affinity between the two metals*. " 
7. Tin and zinc combine eafily. The alloy is harder par^ 

than tin. This alloy is often the principal ingredient in 
the compound called pewter. 

8. Mr Gmelin has fucceeded in forming an alloy of 
zinc and lead by fufion. He put fome fuet into the 
mixture, 3nd covered the crucible, in order to prevent 

the evaporation of the zinc. When the zinc exceeded 
the lead very much, the alloy was malleable, and much 
harder than lead. A mixture of two parts of zinc and 
one of lead formed an alloy more du&ile and harder 
than the laft. A mixture of equal parts of zinc and 
l£ad formed an alloy differing little in dudtility and co¬ 
lour from lead ; but it was harder, and more fufceptible 
of polifh, and much more fonorous. When the mixture 
contained a fmaller quantity of zinc, it {fill approached 
nearer the dudlility and colour of lead, but it continued 
harder, more fonorous, and fufceptible of polifh, till 
the proportions approached to one of zinc and 16 of 
lead, when the alloy differed from the lafl metal only in 

being fomewhat harder f. f Ann.de 

The affinities of zinc, according to Bergman, are as 
follows: 95- 

CoPPer» An’cUffin:. 
Antimony, ties. 
Tin, 
Mercury, 

Silver, 
Gold, 
Cobalt, 

Arfenic, 
Platinum, 
Bifmuth, 
Dead, 
Nickel, 
Iron. 

Sect. X. Of Antimony. 

The ancients were acquainted with an oxide of anti¬ 
mony to which they gave the names of a-hu^i and ft ilium, 
Plinyf informs us that it was found in filver ore ; and! Pliny, F 

we know that at prefent there are filver ores § in whichxx*\”* c* 
it is contained. It was ufed as an external application 
to fore eyes; and Pliny gives 11s the method of preparing t to 

it ||. Galen fuppofes that the rilpayvvo* of Hippocrates || Pliny, ibid. 
was a preparation of antimony ; but this wants proof. . J4* 
It does not appear, however, that the ancients confider-^-^J5^ 
ed this fubftance as a metal, or that they knew antimo-ny, 
ny in a ftate of purity (c). Who firft extracted it from 
its ore we do not know ; but Bali! Valentine, a che- 
mift of the 16th century, is the firft who deferibes the 

^ H h procefs. 

(b) The ancients do not feem to have known accurately the difference between copper, brafs, and bronze 
Hence the confufion obfervable in their names. They conlidered brafs as only a more valuable kind of copper, 
and therefore often ufed the word as indifferently to denote either. It was not till a late period that mineialo- 
gilts began to make the diftindlion. They called copper as cyprium, and afterwards only cyprium, which in pro- 
cefs of time was converted into cuprum. When thefe changes took place is not known accurately. Pliny ufes 
cyprium, lib. xxxvi. c. 26. The word cuprum occurs firft in Spartian, who lived about the year 290. He fays 
in his life of Caracalla, cancelli ex are <vel cupro. 

(c) Mr Roux indeed, who at the requeft of Count Caylus anaiyfed an ancient mirror, found it compofed of 
copper, lead, and antimony. This would go far to convince us that the ancients knew this metal, provided it 
could be proved that the mirror was really an ancient one ; but this point appears to be extremely doubtful. 
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procefs. To him indeed we are indebted for our ac¬ 
quaintance with many of the properties of this metal. 

Antimony is of a white colour, with a (hade of grey. 

It has a fenfible tafte, but no fmell *. 
It is neither malleable nor dadde, but exceedingly 

brittle. Its fpecific gravity, according to Bnflbn, is 
6,702 ; according to Bergman, 6,860. Its hardnefs is 
6 r + It melts at 809° Fahrenheit %. If after this the 
heat be increafed, the metal evaporates. On cooling it 
a flumes the form of oblong cryftals, perpendicular to 

the internal furface of the veflel in which it cools It 
is to this cryftallization that the laminated ttructure 
which antimony always affumes is owing. 

Neither air nor water have much effect on this metal. 

When antimony is beat to powder, and expofed for 

fome time to a gentle heat, it abforbs oxygen, and is 
converted into a grey powder. This is the grey oxide of 
antimony. When this metal is kept for fome time melt¬ 

ed in contaft with air, it fublimes in the form of a white 
powder, formerly called /now or white flowers of anti¬ 

mony. This is the white oxide of antimony. This oxide 
may be procured alfo by pouring nitric acid on antimo- 
my and then evaporating to drynefs. Antimony at- 

trafts the oxygen from the acid, and thus pafles very 

rapidly into the ftate of an oxide. This oxide feems to 

confift of about 77 parts of antimony and 23 of oxy¬ 
gen (S The nature of thefe oxides has never yet been 
accurately inquired into. It is not even known at pre- 
fent whether the white oxide obtained by heat and that 

obtained by nitric acid contain the fame quantity of 
oxygen. The experiments mentioned by Mr Kirwan 

make the contrary probable |] ; and yet thefe oxides 
have too many qualities in common to render thefe ex¬ 
periments conclufive. The white oxide of antimony 

is foluble in water f ; and when fufed, is converted into 
a tranfparent glafs. The white oxide obtained by nitric 

acid feems to poflefs many of the properties of an acid. 
The affinities of the grey oxide of antimony are, ac¬ 

cording to Bergman, as follows : 
Sebacic acid, 
Muriatic, 
Benzoic (d) ? 

Oxalic, 
Sulphuric, 
Pyromucous 

Nitric* 
Tartarous, 
Sacchola&ic, 

Phofphoric, 

Citric* 
Succinic, 

Fluoric, 
Arfenic, 
Formic, 

La&ic, 
Acetous, 
Boracic, 
Prufilc, 
Carbonic. 

Sulphur combines readily with antimony. This com¬ 
pound is often found native : it was formerly called an¬ 

timony, and the pure metal was then called regulus of 

CHEMISTRY. Part I. 
antimony. Sulphuret of antimony is eafily melted by a Antimony. 

moderate heat ; if the heat be continued, the fulphur 
fublimes, and at the fame time the antimony abforbs 

oxygen, and is converted into a grey oxide. This ful- 

phuret is compofed of 74 parts of antimony and 26 of 

fulphur *. ff Bergman, 

The grey oxide of antimony is alfo capable of combi-iii. 167. 

ning with about T*s- of fulphur. This compound, by 
fufion, may be converted into glafs. It was formerly 
ufed in medicine under the name of glafs of antimony. 146 

When equal parts of antimony and phofphoric glafs Phofphu- 

are mixed together with a little charcoal powder, andret* 
melted in a crucible, phofphuret of antimony is produ¬ 

ced. It is of a white colour, brittle, appears laminated 
when broken, and at the fracture there appear a number 

of fmall cubic faccttes. When melted it emits a green 
flame, and then fublimes in the form of a white powder. 
Phofphuret of antimony may likewife be prepared by 
fufing equal parts of antimony and phofphoric glafs, or 
by dropping phofphorus into melted antimony f. f Pelletier, 

Antimony is capable of combinings with moft of the'*™- ^ 
,J Cbim. xiu» 

metals 122> 
1. Gold may be alloyed with antimony by fufing I4? 

them together. The antimony is afterwards feparable Alloy?, 

by an intenfe heat. This alloy is little known, and has 

never been applied to any ufe. 
2. The alloy of filver and antimony is brittle, and its 

fpecific gravity, as Gellert has obferved, is greater than 
intermediate between the fpecific gravities of the two 

metals which enter into it. 
3. Platinum eafily combines with antimony. The 

alloy is brittle, and much lighter than platinum %. The { j)r Lewi:, 
antimony cannot afterwards be completely feparated by 

heat. 
4. Mercury does not eafily combine with antimony. 

Mr Gellert fucceeded in amalgamating this metal by 

putting it into* hot mercury, and covering the whole 

with water. 
5. Copper combines readily with antimony by fufion. 

■ The alloy is of a beautiful violet colour, and its fpeci¬ 

fic gravity is greater than intermediate §. ^ 
6. Iron combines with antimony, and forms a brittle 

hard alloy, the fpecific gravity of which is lefs than in¬ 
termediate. The magnetic quality of iron is much more 
diminiflied by being alloyed with antimony than with 

any other metal [|. ... ( 
7. The alloy of tin and antimony is white and brittle ; 

its fpecific gravity is lefs than intermediate: «J. t Id* 
8. When equal quantities of lead and antimony are fu¬ 

fed, the alloy is porous and brittle : three parts of lead, 
and one of antimony form a compadl alloy, malleable, 

and much harder than lead : 12 parts of lead and one 
of antimony form an alloy very malleable, and a good 
deal harder than lead : 1 6 parts of lead and one of an¬ 
timony form an alloy which does not differ from lead 
except in hardnefs*. This alloy forms printers types.. * Gmelun 

9. Zinc and antimony form a brittle alloy, the {ptci~Ann.de _ 
fic gravity of which is lefs than intermediate f. The Chim. vm. 

alloys of antimony are little known. Gellert is almoU!^^ 
the only perfon who has examined them. It would re¬ 
quire a great number of experiments to be able to fix 

the proportions of their ingredients. 

i Gellert* 

\Id. 

(d) Muriatic acid decompofes benzoat of antimony. Trommfdorf Ann* de Chim* xi. 317* 
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man, as follows: 
Iron, 
Copper, 
Tin, 

Lead, 
Nickel, 
Silver, 
Bifmuth, 

Zinc, 
Gold, 
Platinum, 
Mercury, 

Arfenic, 
Cobalt, 
Sulphuret of arfenic, 
Sulphur, 

Phofphorus? 

Sect. XI. Of Bifmuth. 

The ancients appear to have known nothing of bif- 
xnutli, nor do we know who difcovered it; but it is firft 
mentioned by George Agricola, who was born about 

the end of the 15th century. 
Bifmuth is of a yellowifh or reddiffi white colodr, and 

almoft deftitute both of tafte and fmell. 
It is brittle. Its hardnefs is 6*. Its fpecific gra¬ 

vity is 9,8227-!*. It melts at 460° Fahrenheit^. 
When heated in clofe veftels, it fublimes. When al¬ 

lowed to cool flowly after fufion, it cryftallizes. 
Bifmuth is not altered by water. When expofed to 

the air it foon tarniihes. 
When bifmuth is kept fufed in contadf with air, it is 

gradually oxidated. When heated red hot, it emits a 
very faint blue flame, and its oxide evaporates in the 
form of a yellowifh fmoke. When this fmoke is colle&- 
ed, it is found to confift of a brown coloured powder. 

This is the brown oxide of bifmuth. It is compofed of 
about 94 parts of bifmuth and 6 of oxygen §. Bifmuth 

decompofes nitric acid with great rapidity, by attra&- 
ing its oxygen. If the quantity of acid be confider- 
able, it diffolves the oxide as it forms ; but the greater 
part of it may be precipitated by diluting the acid with 
water. This precipitate, which is a white powder, is 

white oxide of bifmuth. It is compofed of about 84 parts 
bifmuth and 16 of oxygen |{. 

The affinities of the oxides of bifmuth are, according 
to Bergman, as follows: 

Oxalic acid, 
Arfenic, 
Tartarous, 
Phofphoric, 
Sulphuric, 
Sebacic, 
Muriatic, 
Benzoic (e) ? ' 

Nitric, 
Fluoric, 
Sacchola&ic, 

Succinic, 
Citric, 
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Formic, Bifmuth- 
La&ic, 
Acetous, 
Pruffic, 
Carbonic, 
Ammonia. 

Sulphur combines readily with bifmuth by fufion.Sulphuret, 
The fulphuret of bifmuth is of a bluiffi grey colour, and 
cryftallizes into beautiful tetrahedral needles. It is com¬ 
pofed of 85 parts of bifmuth and 15 of fulphur*. * Wenzelt 

There appears to be little affinity between bifmuth Kir wans 

and phofphorus. Mr Pelletier attempted to produce^1 ™er‘ll* 
the phofphuret of bifmuth by various methods without * ^ 
fuccefs. When he dropped phofphorus, however, into Phofphu- 
bifmuth in fufion, he obtained a fubftance which did not ret, 

apparently differ from bifmuth, but which, when expo- 
fed to the blow-pipe, gave evident figns of containing 
phofphorus. Phofphuret of bifmuth, according to Pel¬ 
letier, is compofed of about 96 parts of bifmuth and 

four of phofphorus f. ?f. 

Bifmuth combines readily with moft of the metals. 11U* 
1. Equal parts of bifmuth and gold form a brittle al- x^% 

loy, nearly of the fame colour with bifmuth ±. Alloys, 

2. Equal parts of bifmuth and filver form alfo a brittle . 

alloy, but lefs fothan the laft. The fpecific gravity of* 
both thefe is greater than intermediate §. § 

3. The alloy of bifmuth and platinum is alfo very- 

brittle. When expofed to the air it aftumes a purple, 
violet, or blue colour. The bifmuth may be feparated 
by heat ||. r \\ Dr Lewis. 

4. Mercury diffolves bifmuth very eafily. The amal- 

gam is more fluid than pure mercury, and has the pro¬ 
perty of diffolving lead and rendering it alfo fluid ^J. Itl Cramer. 

is capable, however, of cryftallizing. The cryflals are 
either o&aliedrons, lamellated triangles, or hexagons. 
They are compofed of one part of bifmuth and two of 
mercury *. * Cbjm. Di- 

5. The alloy of copper and bifmuth is not fo red asl* 3* 

copper. 
6. Nothing is known concerning the alloy of iron and 

bifmuth. 
7. Bifmuth and tin unite readily. A fmall portion 

of bifmuth increafes the brightnefs, hardnefs, and fono- 
roufnefs of tin : it often therefore enters into the com- 
pofition of the compound called pewter. Equal parts 
of tin and bifmuth form an alloy that melts at 280°: 
eight parts of tin and one of bifmuth, melt at 390° 

3°°+. f Dr Lewis* two parts of tin and one of bifmuth, at 32c 
8. The alloy of lead and bifmuth is of a dark grey 

colour, a clofe grain, but -very brittle. . 
9. Bifmuth does not combine with zinc. 
10. The alloy of antimony and bifmuth is unknown. 
Bifmuth likewife enters into triple compounds with 

metals : Two parts of lead, three of tin, and five of 
bifmuth, form an alloy which melts at the heat of boil¬ 

ing water, which is 2120. 153 
The affinities of bifmuth, according to Bergman, are 4nd 

as follows: 
Lead, 
Silver, 
Gold, 

H h 1 Mercury, 

ties. 

(e) Muriatic acid decompofes benzoat of bifmuth.—Trommfdorft Ann. de Chim, xi. 317. 
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^Ariemc. Mercury, 

WY"w,W Antimony, 
Tin, 
Copper, 

Platinum, 
Nickel, 
Iron, 
Sulphuret of alkali, 
Sulphur, 

Phofphorus ? 

Sect XII. Of Arfenic. 

The word arfenic (a?o-mxov) occurs firft in the works 
of Diofcorides, and of feme other authors who wrote 
about the beginning of the Chriftian era. It denotes in 
their works the fame fubftance which Ariftotle had 

called ircuictpuxn (f), and his difciple Theophraftus 
ctpfivjx'iv. which is a reddifh coloured mineral, compofed 
of arfenic and fulphur, ufed by the ancients in painting, 
and as a medicine. 

The 'white oxide of arfenic, or what is known in com¬ 
merce by the name of arfenic, is mentioned by Avicen¬ 
na in the 11th century ; but at what period the metal 
called arfenic was firft extra&ed from that oxide is un¬ 
known. Paracelfus feems to have known it. It is 

mentioned by Schroeder in his Pharmacopoeia publiflied 

* Bergman, in 1649*. 
ii. 278. Arfenic, when pure, is of a bluiih white colour. It is 

p *53 . exceedingly brittle. Its hardnefs is 7’f. Its fpecific 

ofarfcnic" grav!ty 8»3lot. 
j Kirwan's When expofed to the temperature of 354 in clofe 
Miner, ii. veffels it fublimes §, and cryftallizes, in regular tetrahe- 
2-34- drons. 

h ifT™* *8 not muc^ altered by water. Boiling water, how- - 
§ Hid. ever, is capable of diffolving, and retaining °f 

154 arfenic ; but that part of the metal is no doubt reduced 

^ate an oxl*^e II* 
Chbn"Attn’ When arfenic is expofed to the open air, it very foon 
1788, i. lofes its luftre, and is gradually converted into a greyifh 
383. black fubftance by combining with oxygen. This is 

called the grey oxide of arfenic. 
When expofed to a moderate heat in contadl with 

air, it fublimes in the form of a white powder, and at 
the fame time emits a fmell refembling garlic. If the 
heat be increafed, it burns with an obfeure bluifh flame. 
This fublimate is white oxide of arfenic, which is compo- 

f Kiriuatis fed of 93 parts of arfenic and 7 of oxygen <ff. 
Miner, ii. pt ;8 Gf a ftarp acrid tafte, which at laft leaves an im- 

preflion of fweetnefs, and is one of the moll virulent 
poifons known. It has an alliacious fmell. It is fo- 
luble in 80 parts of water at the temperature of 6o°, 

* Bergman; and in 15 parts of boiling water*. When this folu- 
ii.a78. tjon *s evap0rate(3 the oxide cryftallizes H*. When 

Mi. Upfal, heated to 283 , it iublimes : 11 heat be applied in dole 
1733* veffels, it becomes pellucid like glafs, but when expofed 

to the air it foon recovers its former appearance. The 
fpecific gravity of this glafs is 5,000 ; that of the white 

| Bergman, oxide, 3,706 J. This oxide is capable of combining 
ll* 278. with moft of the metals, and in general renders them 

brittle. Its affinities, according to Bergman, are as 
follows: 

, Parti. 
Muriatic acid, Arfenic. 

Oxalic, 
Sulphuric, 

Nitric, 
Sebacic, 
Tartarous, 

Phofphoric, 

Fluoric, 
Saccholadlic, 
Succinic, 

Citric, 
Formic, 
La&ic, 
Arfenic, 

Acetous, 
Prufiic, 
Ammonia, 
Water, 
Alcohol ? 

Arfenic, or rather the white oxide of arfenic, is ca* 
pable of combining with an additional dofe of oxygen. 
The compound produced is arfenic acid, firft difeovered 

by Scheele, which contains 91 parts of arfenic and 9 of 
oxygen *. * Bertbdlel% 

Arferfic combines readily with fulphur. When heat 

is applied to a mixture of white oxide of arfenic and49Q^r*U* 
fulphur, the oxide is decompofed, part of the fulphur I5^ 
combines with its oxygen, and the remainder unites Sulphuret, 
with the reduced metal. The fulpliuret of arfenic pro¬ 
duced by this procefs is of a yellow colour, and was for¬ 
merly called orpiment. It is compofed, according to f 

Weftrum, of 20 parts of arfenic and 80 of fulphur f. * 
It is often found native. If a ftronger heat be applied, 
fo as to melt the fulphuret, it affumes a fcarlet colour, 
and is much lefs volatile than formerly. This new com¬ 
pound was formerly called realgar. Tfc is compofed, ac¬ 
cording to Weftrum, of 80 parts of arfenic and 20 ox' 
fulphur J. The difference therefore between it and or- * lLi 
piment is evident. During the fufion part of the ful¬ 

phur without doubt fublimes. ' It might be called red 

fulphuret of arfenic. 156 

Arfenic combines readily with phofphorus. The Phofphu- 

phofphnret of arfenic may be formed by diftilling equalret> 
parts of its ingredients over a moderate fire. It is black 
and brilliant, and ought to be preferved in water. It 

may be formed likewife by putting equal parts of phof¬ 
phorus and arfenic into a fufticient quantity of water, 
and keeping the mixture moderately hot for feme* 
time §. § Pelletier, 

Arfenic unites with moft metals, and in general ren- *... 

ders them more brittle and more fufible. * 
(. Melted gold takes-up ^th of arfenic ||. The al-y Bergmant 

loy is brittle and pale. 
2. Melted filver takes up -r^th of arfenic^. The al-f 1 ^ 

loy is brittle. # Alloys, 

3. The alloy of platinum and arfenic is brittle arid 
very fufible. It was firft formed by Scheffer. The 

arfenic may be feparated by heat. 
4. The amalgam of arfenic is compofed of five parts 

of mercury and one of arfenic *. * ^l<*' 
5. Copper takes up 3-ths of arfenic This alloy is { 

white; 

(f) Pliny feems to make a diftin&ion between fandaraeha and arfenic. See Lib. xxxiv, c. 18. 



Part r. C H E M 
Cobalt, white ; and when the quantity of arfenic contained m 
—--- it is fmall, both ductile and malleable *. It is called 

* ^e^ert* white tombac. 
6. Iron is capable of combinings with more than its 

} Bergman, own weight of arfenic f. This alloy is white, brittle, 
Ann and capable of cryftallizing. It is found native 
Chim xiiu The a}j0y Qf tin and arfenic is harder and more fo- 

1ZKirnvan's norous than tin, and has much refemblance externally 
jMmer.il to zinc. Tin often contains a fmall quantity of ar- 

«56* fenic. 
i Bergman, 8. Lead takes up £th of arfenic §. The alloy is brittle 

Jbid. and dark coloured. 
9. Zinc takes up ^th of arfenic, antimony -^th, and. 

j| Ibid. bifmuth -j^-th II* 
158 The affinities of arfenic, according to Bergman, are 

And affim. asfoUows. 

uts~ Nickel, 
Cobalt, 
Copper,. 

Iron, 

Silver, 
Tin,. 
Gold, 
Platinum, 

Zinc, 
Antimony, 
Sulphuret of alkali. 
Sulphur, 
Phofphorus. 

f Aa. up - 
M *733- 

*59 . 
Properties 
of cobnlt, 
* JLeonhardi* 

f Kit wan s 

Miner, ii. 
268. 

t Bergman, 

iv, 

Sect. XIII. Of Cobalt. 

A MINERAL called cobalt (g), of a grey colour, and 
very heavy, has been ufed in different parts of Europe 
fince the 15th century to tinge glafs of a blue colour. 
From this mineral Brandt obtained in 1733 a new me¬ 

tal, to which he gave the name of cobalt ^J. 
Cobalt is of 3 white colour, inclining to a bluifh or 

fteel grey. When pure, it is fomewhat malleable while 
red hot *. Its hardnefs is 8 +. Its fpecific gravity is 
8,15 (h). It requires for full on a heat at leaf! as great 

as call iron, which melts at 130° Wedgewood. .No 
heat has been produced great enough to vclatalize it J. 

Cobalt, when pure, does not feem to be affe&ed by 

air or water. 
It is attra&ed by the magnet. 

I S T R Y. 245 
It is not oxidated by heat without very great diffi-, Cobalt. ^ 

culty ; but it has the property of decompofing nitric ifco 
acid, and of attrafting oxygen by that means with jts 0X;deSl 

great rapidity. 
The oxide of cobalt is of fo deep a blue as to appear 

black. The oxide procured by heat is compofed of 83 

parts of cobalt and 1 2 of oxygen ; th3t by nitric acid . ^ 

contains about 77 parts of cobalt and 23 of oxygen 
Its affinities, according to Bergman, are as follows : 

Oxalic acid. 
Muriatic, 

Sulphuric, 
Tartarousj 

Nitric, 
Sebacic, 
Phofphoric, 
Fluoric, 
3acchola&ic, 

Succinic, 
Citric, 

Formic, 

Ladlic, 
Acetous, 
Arfenic, 

Boracic, 
Pruffic,- 
Carbonic, 
Ammonia. i6r 

Thzfulphiiret of cobalt is not formed without difficul- Sulphuret, 

ty. It is fcarcely known. . 162, 
Phofphuret of cobalt may be formed by heating the Phofphu- - 

metal red hot, and then gradually dropping in fmall bits ret» 
of phofphorus. It contains about y-j-th of phofphorus. 
It is white and brittle, and when expofed to the air • 
foon lofes its metallic luflre. The phofphorus is fepa- 
rated by heat, and the cobalt is at the fame time oxida¬ 
ted. This phofphuret is much more fufible than pure' 

Cobalt f. f Pelletier, , 

The combinations of cobalt with other metals haAnr.de 
been very little examined into. Chim. xiii. 

1. The alloy of gold and cobalt is not known. 134- 
2. Cobalt does not combine with filver by fufion £; Ajj, ^ 

but, according to Gellert, the alloy of filver and cobalt Bergman's 

may be formed : it is brittle and of a grey colour § EUa. At- 
2. The alloy of platinum and cobalt is unknown. traii 

4* Mer* cbfm! 

(g) The word cobalt feems to be derived from cobalus, which was the name of a fpirit that* according to the 
fuperllitious notions of the times, haunted mines, deftroyed the labours of the miners, and often gave them a 
great deal of unneceflary trouble. The miners probably gave this name to the mineral out of joke, becaufe it 
thwarted them as much as the fuppofed fpirit, by exciting falfe hopes, and rendering their labour often fruit- 
lefs ; for as it was not known at hi ll to what ufe the mineral could be applied, it was thrown afide as ufelefs. It 
was once cuftomary in Germany to introduce into the church-fervice a prayer that God would preferve miners 

and their works from kobalts and fpir.its. See Beckmann’s Hijlory of Inventions, II. 362. 
Mathefius, in his tenth fermon, where he fpeaks oi cadmia fojfilis (probably cobalt ore), fays, “ Ye miners 

call it kobolt; the Germans call the black devil and the old,deviPs whores and hags, old and black kobel, which,, 

by their witchcraft do injury to people and to their cattle.*’ 
Lehmanu, Paw, Delaval, and feveral other philofophers, have fuppofed that fmalt (oxide of cobalt melted. 

with glafs and pouRded) was known to the ancients, and ufed to tinge the beautiful blue glafs Hill vifihle in fome • 
of their works ; but we learn from:GmelJn, who analyfed fome of thefe pieces of glafs, that they owed their blue. 

colour, not to the prefence of cobalt but of iron. 
According to Lehmann, cobalt .ore was firft ufed to tinge glafs-blue-by Chriitophei Scburer, a glafs*maker at> 

Flatten, about the year 1540. _ 
(«) Berg. II. 231. According to BrifTon, 7,8119. 
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IV. 

164 
And affini¬ 
ties. 

CHEMI 
4. Mercury doe3 not appear to amalgamate with co- 

balt. 
5. The alloy of copper and cobalt is Scarcely known. 
6. The alloy of iron and cobalt is very hard, and not 

eafily broken. Cobalt generally contains fome iron, 

from which it is with great difficulty feparated. 
7. The alloy of tin and cobalt is of a light violet 

colour. 
8. Cobalt does not combine with lead by fufion. 

9. The alloy of zinc and cobalt is not formed with¬ 

out difficulty. 
jo. The alloy of antimony and cobalt is unknown. 
11. Cobalt does not combine with bifmuth by fu¬ 

fion *. 
12. Arfenic combines very readily with cobalt. The 

alloy is brittle, much more fufible, and more eafily oxi- 

+ Bergman, dated than pure cobalt-f. 
The affinities of cobalt are as follows : 

Iron, 
Nickel, 

Arfenic, 
Copper, 

Gold, 
" Platinum, 

Tin, 
Antimony, 
Zinc, 
Sulphuret of alkali, 
Sulphur, 
Pofphorus ? 

Sect. XIV. Of Nickel. 

A heavy mineral of a red colour is met with in fe- 
veral parts of Germany, which bears a flrong refem- 

blance to an ore of copper; but none of that metal can 
be extracted from it : for this reafon the Germans call¬ 
ed it kupfer nickel (devil’s copper). Hierne mentioned 

*65 it in 1694. Cronftedt was the fir ft chemift who exa- 
Difcovery mjne(j with accuracy. He concluded from his expe- 

° mc e ’ riments, which were publiffied in the Stockholm Tranf- 
adlions for 1751 and 1754, that it contained a new me¬ 

tal, to which he gave the name of nickel. 
Some chemifts, particularly Mr Sage, affirmed, that 

it contained no new metal, but merely a compound of 
various known metals, which could be feparated from 
each other by the ufual proceffes. Thefe aflertions in¬ 
duced Bergman to undertake a very laborious courfe of 

experiments, in order if poffible to obtain nickel in a 

ftate of purity: for Cronftedt had not been able to fe- 
parate a quantity of arfenic, cobalt, and iron, which 
adhered to it with much obftinacy. Thefe experiments 

have been very fully detailed in the article Chemistry, 
In the Encycl. to which be beg leave to refer. Berg¬ 
man has (hewn, that nickel poffeffes peculiar properties, 
and that it can neither be reduced to any other metal, 
nor formed artificially by any combination of metals. 
It muft therefore be considered as a peculiar metal. It 
may poffibly be a compound, and fo may likewife many 
other metals ; but we muft admit every thing to be a 
peculiar body which hajs peculiar properties, and we 

muft admit every body to be fimple till fome proof be 
a&ually produced that it is a compound ; otherwife we 
forfake the road of fcience, and get into the regions of 

fancy and romance. 

STRY, Parti. 
Nickel i3 of a greyifh white colour, and when lefs Nickel, 

pure inclines a little to red. 

It is both dudlile and malleable. Its hardnefs »**• it. SSL. 
Its fpecific gravity 9,000 f. It requires for fufion a ties, 
temperature at leaft equal to 15o° Wedgewood J. * Kir-wan'i 

It is powerfully attra&ed by the maguet, and is even ^er‘ “* 

pofleffed of the property of attra&ing iron. This in-* Bergman, 

duced Bergman to fuppofe that nickel, when ptireft,i:.*3I. 9 
was ftill contaminated with about one-third of iron : \ Ibid. 

but as this is the only proof of its containing iron, 
Klaproth, with reafon, deems it an infufficient one, and 

coniiders attraction by the magnet as a property of 

nickel $. § Ann. de 

When expofed to a flrong heat, nickel is oxidated Chim. i. 

flowly. Its oxide is of a brown colour; if impure, it17°* 

is greenijh. The oxide of nickel, according to Klaproth, Oxides, 
is compofed of 77 parts of nickel and 23 of oxygen Kirivanr 

Its affinities, according to Bergman, are as follows: Miner. 11. 

Oxalic acid, 

Muriatic, 
Sulphuric, 
Tartarous, 
Nitric, 
Sebacic, 
Phofphonc, 
Fluoric, 
Sacchola&ic, 
Succinic, 
Citric, 
Formic, 
JLadlic, 
Acetous, 

Arfenic, 
Boracic, 

Fruffic, 
Carbonic, 
Ammonia, 
Potafs ? 

Soda ? . _ l6g 
Cronftedt found that nickel combined readily with Sulphuret, 

fulphur by fufion. The fulphuret which he obtained 

was yellow and hard, with fmall fparkling facets ; but 
the nickel which he employed was impure. ^ 

Nickel combines very readily with phofphorus, either phofphu- 
by fufing it along with phofphoric glafs, or by drop-rctj 

ping phofphorus into it while red hot. The phofphu- 
ret of nickel is of a white colour, and when broke ex¬ 
hibits the appearance of very (lender prifms colle&ed 
together. When heated, the phofphorus burns, and the 
metal is oxidated. It is compofed of 83 parts of nickel 
and 17 of phofphorus *. The nickel, however, on * Pelletier, 

which this experiment was made, was not pure. Ann. de ^ 

Little is known concerning the alloys of nickel with XU1‘ 
other metals. Equal parts of filver and nickel form a135j70 

white du&ile alloy. Equal parts of copper and nickel Alloys, 

form a red du&ile alloy. The compounds which this 
metal forms with tin and zinc are brittle. It does not 
combine with mercury f. It has a very flrong affinity f Bergman, 

for iron, cobalt, and arfenic, and is fcarcely ever foundh. *31. 

except combined with fome of them. 
Its affinities, according to Bergman, are as follows: And7affini. 

Iron, ties. 
Cobalt, 

Arfenic, 
Copper, 



Part I. 
Mamrauefc 

GHEMI 

recovery The dark grey mineral called manganefe, in Latin 
of maugct- magnefta (according to Boyle, from its refemblance to 
lid'c. t.he magnet), has been long known and ufed in making 

glafs. A mine of it was difcovered in England by Mr 
Boyle. It was long fuppofed to be an ore of iron ; but 
Port and Cronftedt having demonftrated that it contain¬ 
ed very little of that metal, the latter referred it in his 
Mineralogy to a diftinft order of earths, which he call¬ 
ed terra magnefta. Bergman, from its fpecific gravity, 
and feveral other qualities, fufpe&ed that it was a me¬ 
tallic oxide : he accordingly made feveral attempts to 
reduce it, but without fuccefs ; the whole mafs either 
affuming the form of fcorise, or yielding only fmall fe- 
parate globules attracted by the magnet. This difficul¬ 
ty of fufion led him to fufpeft that the metal he was in 
queft of bore a ftrong analogy to platinum. In the 
mean time, Dr Gahn, who was making experiments on 
jhe fame mineral, a&ually fncceeded in reducing it by 
the following procefss He lined a crucible with char¬ 

coal powder moiftened with water, put into it fome of 
the mineral formed into a ball by means of oil, then 
filled up the crucible with charcoal powder, luted ano¬ 
ther crucible over it, and expofed the whole for about 
an hour to a very intenfe heat. At the bottom of the 
crucible was found a metallic button, or rather a num¬ 
ber of fmall metallic globules, equal in weight to one- 

* Bergman, third of the mineral employed *. It is eafy to fee by 
what means this redu&ion was accomplifhtd. The char¬ 

coal attra&ed the oxygen from the oxide, and the me- 
tal remained behind. This metal is called manganefe. 

Its proper- Manganefe is of a greyifh white colour. It is not 
tie?, malleable, and yet not fo brittle as to be eafily broken, 
i Kir-tvans jts hardnefs is 8 f. Its fpecific gravity is 7,000 J. 
JWWr. 11. jtg fuf10n requires fo great a heat, that it has been very 

$ Hielm. feldom accomplifhed. 
When reduced to powder, it is attra&ed by the 

magnet. 
Oxide?, When expofed to the air, it very foon tarnifhes, and 

affumes a darker colour, till at lafl it becomes black and 
friable. This change is produced by the abforption of 
•oxygen. It takes place much more rapidly if heat be 
applied to the metal. The fubflance thus obtained is 

the black oxide of manganefe. This oxide is found in 
great abundance in nature, though fcarcely ever in a 

itate of purity. It is compofed of 75 parts of manga- 

5 Bergman, nefe and 2S of oxygen §■ 
ii. 27S. 

Copper, 
Gold, 
Tin, 
Antimony, 
Platinum, 

Bifmuth, 

Lead, 
Silver, 

Zinc, 
Sulphuret of alkali, 

Sulphur, 
Popfphorus ? 

Sect. XV. Of Manganefe, 

STRY, 447 
If a quantity of mufiatic acid be poured upon tbisM^ganefe* 

oxide, and heat applied, part of the acid combines withv""Nr°^J 
fome of the oxygen of the oxide, and flies off in yellow 
fumes. The oxide is diffolved in the reft. If potais be 
added to this folution, a white powder is precipitated. 
This is the white oxide of manganefe. It contains, ac= 
cording to Bergman, about 80 parts'of manganefe and 
20 of oxygen. ItYoon attra&s more oxygen when ex¬ 

pofed to the air, and is converted into black oxide. 
The affinities of the white oxide, according to Berg¬ 

man, are as follows : 
Oxalic acid, 
Citric, 
Phofphoric, 
Tartarous, 

Fluoric, 
Muriatic, 
Sulphuric, 
Nitric, 
Sacchola&ic, 

Succinic, 
Sebacic, 

Tartaric, 
Formic, 
La&ic, 
Acetous, 

Pruffic, 
Carbonic. 

The fulphuret of manganefe is unknown. 174 
Phofphorus may be combined with manganefe byPhofphu* 

melting together equal parts of the metal and of phof-ret» 

phone glafs ; or by dropping phofphorus upon red hot 
manganefe. The phofphuret of manganefe is of a white 
colour, brittle, granulated, difpofed to cryftallize, not 
altered by expofure to the air, and more fulible than 
manganefe. When heated, the phofphorus burns and 

the metal becomes oxidated *. * Pelletier, 

Manganefe combines readily with carbon by fu- Ann‘de .. 
lion (1) Cbim, XUI* 

Little is known concerning the alloys of manganefe. 137fs 
It combines readily with copper. The compound, ac-Carburet, 

cording to Bergman, is very malleable, its colour is red, 
and it fometimes becomes green by age. Gmelin made ^ ‘°^s* 
a number of experiments to fee whether this alloy could 
be formed by fufing the black oxide of manganefe along 
with copper. He partly Succeeded, and propofed to 
fubftitute this alloy inflead of the alloy of copper and 
arfenic, which is ufed in the artsf. We believe, how-f Ann.fie 
ever, that upon trial the new alloy has been found not01'1™-'1' 

r 3°3* to anlwer. 
Manganefe combines readily with iron ; indeed it has 

fcarcely ever been found quite free from fome mixture 
of that metal. It combines alfo very eafily with arfe¬ 

nic and tin, not eafily with zinc, and not at all with 

mercury J. $ Bergman, 

The affinities of manganefe, according to Bergman, an. 

are as follows : And affinU 
Copper, 
Iron, 

Gold, 
Silver, 

(1) Bergman, III. 379.—Sometimes manganefe is very fpeedily oxidated by expofure to the air ^ fometimes 

fcarcely altered by it, as Klaproth and Pelletier have obferved. Mr Kirwan fuppofes that the manganefe 

which is foon altered contains carbon, and that this is the caufe of the difference. See- Miner. II, 288, 



Tungfien. 

*7* 
Difcovery 
of tungften, 

CHE M 
Silver, 

Tin, 

Sulphuret of alkali, 

Phofphorus ? 
Carbon ? 

The three metal?, cobalt, nickel, and manganefe, refem- 
:'ble iron in feveral particulars : Like it, they are mag¬ 
netic, very hard, and very difficult to fufe i but they 
differ from it in fpecific gravity, malleability, and in 
the properties of all their combinations with other fub- 

ftances; the oxides, for inffance, of iron, cobalt, nickel, 

and manganefe, poffefs very different qualities. 

Sect. XVI. Of Tungsten. 

There is a mineral found in Sweden of an opaque 
.white colour and great weight ; from which laft cir- 
cumflance it got the name of tungsten, or ponderous Jlone. 
Some mineralogifts confidered it as an ore of tin, others 
fuppofed that it contained iron. Scheele analyfed it in 
j 78 i, and found that it was compofed of lime and a 
peculiar earthy-like fubftance, which he called from 

its properties tungstic acid. Bergman conjedlured that 
the bails of this acid was a metal ; and this conjedlure 
was foon after fully confirmed by the experiments of 
Meffrs D’EIhuyart, who obtained the fame fubftance 
from a mineral of a brownifh black colour, called by 

the Germans wolfram, which is fometimes found in tin 
mines. This mineral they found to contain of 
Uingftic acid ; the reft of it confifted of manganefe, 

iron, and tin. This acid fubftance they mixed with 
charcoal powder, and heated violently in a crucible. 
On opening the crucible after it had cooled, they found 
in it a button of metal, of a dark brown colour, which 
crumbled to powder between the fingers. On viewing 
it with a glafs, they found it to confift of a congeries 
of metallic globules, fome of which were as large as a 
pin-head. The metal thus obtained is called tungsten. 
The manner in which it was produced is evident; tung 
flic acid is compofed of oxygen and tungften : the oxy¬ 
gen combined with the carbon, and left the metal in a 
ftate of purity. 

Tungften is externally of a brown colour, internally 

of a fteel grey *. 
Its fpecific gravity is I 7,600 f. It is more infufible 

than manganefe J. 
When heat is applied to tungften it is converted in* 

to a yellow powder, compofed of 80 parts of tungften 

and 20 of oxygen §. This is the yellow oxide of tungsten 

or tungstic acid. 
The fulphuret of tungften is of abluifhblack colour, 

hard, and capable of cryftallizing. 
Phofphorus is capable of combining with tungften ||. 
Of the alloys of tungften we know nothing, except 

from the experiments of Elhuyarts, which have been 
tranferibed into the article Chemistry in the Encyclo¬ 
pedia ; to which, therefore, we beg leave to refer. 

Sect. XVII. Of Molybdenum. 

Difcovery The Greek word molybdena, and its Latin tranflation 
rf molyb- plumbago, feem to have been employed by the ancients 
demmn to denote various oxides of lead ; but by the moderns 

they were applied indiferiminately to all fubftances pof- 
feffed of the following properties : Light, friable, and 

* 179 
m Proper- 
tie®. 
** Luyart. 
i*ld. 

%id. 

J| .'Pelletier, 
jtnn. de 
Chim. xiil. 
*37* 

ISTR Y. Part T. 
foft, of a dark colour and greafy feel, and which leave Molybde- 
a ftain upon the fingers. Scheele firft examined thefe ( num* 
minerals with attention. He found that two very dif. r * " ~ 
ferent fubftances had been confounded together. To 
one of thefe, which is compofed of carbon and iron, 
and which has been already deferibed, he appropriated 
the word plumbago ; the other he called molybdena. 

Molydbena is compofed of fcaly particles adhering 
flightly to each other. Its colour is bluifti, very much 
refembling that of lead. Scheele analyfed it, and ob¬ 
tained fulphur and a whitifh powder, which poffeffed 
the properties of an acid, and which, therefore, he call¬ 
ed acid of molybdena. Bergman firft fufpe&ed that the 
bafis of this acid was a metal. It was at the requeft of 
Bergman and Scheele that Mr Hielm began the labo¬ 

rious courfe of experiments by which he fucceeded in 
obtaining a metal from this acid. His method was to 
form it into a pafte with linfeed oil, and then to apply 
a very ftrong heat. This procefs he repeated feveral 
times fucceffively. Klaproth and Pelletier alfo attempt¬ 

ed to reduce it, and with equal fuccefs. The metal is 
molybdenum (k). * lgr 

Molybdenum is externally of a whitifh yellow colour, its proper* 
but its fradlure is a whitifh grey. ties. 

Hitherto it has only been procured in fmall grains, 
agglutinated together in brittle maffes. 

Its fpecific gravity is 7,500. It is almoft infufible 
in our fires. 

When expofed to a ftrong heat, it is gradually con¬ 

verted into a whitifh-coloured oxide *. When nitric* Pelletier^ 
acid is poured upon it, molybdenum attradls oxygen, and Journ. de 
is converted into a white ox'tdey which poffeffes the pro- 1785> 
perties of an acid f. This is the molybdic acid. \lbid. 

Molybdenum combines readily with fulphur; and the 
compound has exactly the properties of molybdena, the 
fubftance which Scheele decompounded J. Molybdena t Hid. 

is therefore fulphuret of molybdenum. The reafon that 
Scheele obtained from it molybdic acid was, that the 
metal combined with oxygen during his procefs. 

Molybdenum is alfo capable of combining with phof- 
phoiUS §. § Pit letter/ 

Few' of the alloys of this metal have been hitherto *... 
examined. 

The alloy is 

Chim. xiil, 

137. It feems capable of uniting with gold, 
probably of a white colour |j. ' || Rupredt; 

It combines readily with platinum while in the flatcAnn.de 

of an oxide. The compound is fufible. Its fpecific VK1* 

gravity is 20,00 f. > # % Hielm, 
The alloys of molybdenum with filver, iron, and cop-Ann.de 

per, are metallic and friable ; thofe with lead and tin Chim. iv. 

are powders which cannot be fufed *. 
r * Pelletier, 

Sect. XVIII. Of Uranium. Journal it 
J Phyjique, 

There is a mineral found in the George Wagsfort 

mine at Johann-Georgeriftadt in Saxony, partly in a Difcovery 

pure or unmixed ftate, and partly ftratified with other d urani- 
kinds of ftones and earths. The firft variety is of a uni. 
blackifh colour inclining to a dark iron grey, of a mo¬ 
derate fplendor, a elofe texture, and when broken pre- 

fents a fomewhat uneven, and, in the fmalleft particles, 
a conchoidal furface. It is quite opaque, tolerably 
hard, and on being pounded yields a black powder. Its 

fpecific gravity is about 7,500. The fecond fort is 
diftinguifhed 

(k) This name was given it by Hielm, 



Part I. 
Uranium. 

# Klaproth, 
Crell's'Jour■ 
rial, Bng. 
Tranfl. 
i, 126. 

f IW. 

183 
Its proper¬ 
ties. 
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diftinguifhcd by a finer black colour, with here and there 
a reddifh caft ; by a ftronger luftre, not anlike that of 

pitcoal; by an inferior hardnefs; and by a fhade of green, 

which tinges its black colour when it is reduced to 
powder *. 

This foflil was called pechhlende ; and mineralogifts, 
milled by the name (l), had taken it for an ore of 

zinc, till the celebrated Werner, convinced from its 
texture, hardnefs, and fpecific gravity, that it was not 
a blende, placed it among the ores of iron. Afterwards 

he fufpedted that it contained tungsten ; and this con- 
jedlure was feemingly confirmed by the experiments of 

fome German mineralogifts, publifhed in the Miners 
Journal f. But Klaproth, whofe analyfes always dif- 
play the moft confummate fkill, joined with the moft 
rigid accuracy, examined this mineral about the year 

1789, and found that it confifted chiefly of fulphur 
combined with a peculiar metal, to which he gave the 
name of uranium (m). 

Uranium is of a dark grey colour ; internally it is 
fomewhat inclined to brown J. 

Its malleability is unknown. Its hardnefs is about 
6. It requires a ftronger heat for fufion than manga- 
nefe. Indeed Klaproth only obtained it in very fmall 
conglutinated metallic grains, forming altogether a po¬ 
rous and fpongy mafs.—Its fpecific gravity is 6,440 

When expofed for fome time to a red heat, it fuffers 
no change. By means of nitric acid, however, it may 
be converted into a yellow powder. This is the yellow 
oxide of uranium. This oxide is found native mixed 
with the mineral above defcribed. Its affinities have not 
yet been determined. 

Uranium is capable of combining with fulphur. The 
mineral from which Mr Klaproth firft obtained it is a 
native fulphuret of uranium. 

Nothing is known concerning the alloys or affinities 
of uranium. 

Sect. XIX. Of Titanium* 
184 m 

Bifcovery . There is a mineral found in Hungary which, from 
of titanium, its external appearance, has been called redJhorl; but 

Klaproth, who examined it about the year 1795, dis¬ 
covered that it confifted chiefly of a peculiar metal, to 
which he gave the name of titanium. 

Its proper- Titanium is of a brownifh red colour, and confider- 
ties. P * able luftre. It is brittle. Its hardnefs is 9 ; its fpecific 

gravity 4,18. 

When expofed to a ftrong heat in a clay crucible, it 
fuffered no alteration, except that its colour became 
browner ; but in a coal crucible it loft its luftre and 
broke to pieces. 

It is found naturally cryftallized in right-angled qua¬ 
drangular prifms, longitudinally furrowed, and about 
half an inch iu length. 

No acid had any effeft in oxidating it ; but when 
mixed with five times its weight of potafs, and heated 
in a porcelain furnace, it melted, and formed when cold 
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a denfe greyiffi mafs, the furface of which was cryftal- Tellurium 
lized. When diflolved in bailing water, it foon let fall " " 

a white powder, weighing about one-third more than 
the titanium employed. This is the oxide of titanium. 
Fifty grains of it were reduced by ignition to 38. 
While hot it was yellowiffi, but, like oxide of zinc, be¬ 
came white as it cooled. When heated on charcoal, 
it affumes firft a rofy redy and afterwards a flats blue co¬ 

lour, and at laft melts into an imperfedl bead with a 

finely ftriated furface. Mr Klaproth did not fucceed, 
in reducing it to the metallic ftate. 

Titanium does not feem to have any affinity for ful¬ 
phur *. Gregor. 

There was a fubftance difeovered by Mr M‘Gregor in M l8^ 
the valley of Menachan in Cornwall, and hence called uic^naC a‘ 
menachanite. Upon this fubftance Mr M‘Gregor made 
a very interefting fet of experiments, which were pub¬ 
lifhed in the Journal de Phyfique for 1791. He fuf- 
pe&ed it to contain a new metal. From its properties, 
Mr Kirwan conjedlured that it was the fame with tita¬ 
nium f ; and this conje&ure has been very lately con- \ Mineral. 

firmed by Mr Klaproth, who analyfed menachanite, and11’331* 
found it to be an ore of that metal. 

Sect. XX. Of Tellurium. 
187 

In the mountains of Fatzbay, near Zalethna in Tran- Difcovery 
fylvania, there is amine called Mariahilf; the ore ofoftelluri- 
which is wrought for the gold that it contains. Mrum* 

Muller of Reichenftein examined it in 1782, and fufpec- 
ted that it contained a new metal; and Bergman, to 
whom he had fent fome of the ore, was of the fame opi¬ 

nion : but the quantity of the mineral which thefe che- 
mifts had examined was too inconfiderable to enable 
them to decide with certainty. Klaproth analyfed a 
larger quantity of it about the year 1797, and found 
that 1000 parts of it confifted of 72 parts of iron, 
2,5 of gold, and Q25,5 of a new metal, to which he has 
given the name of tellurium (n). 1S8 

Tellurium is of a white colour like tin, approaching1;8 ProPer“ 

fomewhat to the grey colour of lead ^Kla roth 
It is very brittle and friable. Its fradlure is laminated. rbilofJpbiZl 

Its fpecific gravity is 6,115. _ Magazine, 

It is as eafily melted as lead. When fuffered to cool*- 7s- 
quietly and gradually, it readily affumes a cryftallized 
furface §. { Muller. 

When heated by the blowpipe upon charcoal, it burns 
with a very lively flame of a blue colour, inclining at the 
edges to green. It is fo volatile as to rife entirely in a 
whitifh grey fmoke ; at the fame time it exhales a dif- 
agreeable odour like that of radifhes. This fmoke is 
the white oxide of tellurium, which may be formed alfo 
bydiffolving the metal in nitro-muriatic acid, and pour¬ 
ing into the faturated folution a quantity of water: a 
white powder precipitates, which is the oxide ||. II Klaprotl. 

When this oxide is heated for fome time in a retort, 
it melts, and appears, after cooling, of a yellow ftravv 

colour, having acquired a fort of radiated texture* When 

I 1 formed 

(l) Blende is the name given to ores of zinc. 

(m) From Uranus (ot^av??), the name given by Mr Bode to the new planet difeovered by Herfchel; which 
name the German aftronomers have adopted. Mr Klaproth called the metal at firft uranite ; but he afterwards 
changed that name for uranium. 

(n) Mr Kirwan, in the new edition of his Mineralogy, which was publiffied before Mr Klaproth’s experi¬ 

ments were known, gives this metal the name of Syhanite.—Tellurium exifts in feveral other mines in the fame 
mountains. 
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Tellurium, formed into a pafte with any fat oil, and diftilled in a 
*-v-1 red heat, brilliant metallic drops are obferved to cover 

the upper part of the retort, which at intervals fall to 
the bottom of the veffel, and are immediately replaced 

by others. After cooling, metallic fixed drops are 
found adhering to the fides and at the bottom of the 
veffel; the remainder of the metal is reduced. Its iur- 

face is brilliant and almoft always cryftalhzed. When 
this oxide is expofed to heat on charcoal, it is reduced 

* Khproth. with a rapidity that refembles detonation *• 
Tellurium combines with- fulphur. The fulphuret of 

CHEMISTRY. Part I. 
When placed on red hot charcoal, the metal burns as Tellurium, 

well as the fulphur with a blue flame. . 
Tellurium amalgamates with mercury by Ample tritu¬ 

ration*^—The other properties of this metal are unknown, \ Muller. 
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A new metal has lately been difcovered by Vauquelin Chromum. 

in the red lead ore of Siberia. It is grey, very hard, 
brittle, and eafily cryftaliizes in fmall needles Het Ntchlfont 
has given it the name of chromum (o). Jwnw/jij, 

We have now defcribed all the metals at prefent 

known. The following table will exhibit in one view 

their principal properties. 

Metal?. Colour. r 
:ard- S 
lefs. g 

pecific 
ravity 

Filling J 
Point. 

Vlaliea- r 
bility. 

>udtilify 

Gold. Yellow. 6 1 9,300 - 
^W.(p) 
1298 F. 

,82000 500 

Silver. White. 61 1 0,510 
28 W. j 
1044 F. 

60OOO 270 

Platinum. White. 7i 2 13,000 150 W.? 
above 

500 

Mercury. White. 1 t3>568 — 39 F- 

Copper. Red. 8 
8,870 

27 W. 
1449 F. 

299! 

Iron. Blue-grey. 9 7,788 
150 w. 

20577 F. 
450 Magnetic. 

Tin. White. 6 7>299 410 F. 2000 49 

Lead. Blue-white. 5 [11.352 540 F. 29* 

Zinc. White. 6 [ 7>'9° 700 F. 0 

Antimony. Grey. 6i 6,860 700 F. 0 0 

Bifmuth. Yellow-white. 6 9,822 460 F. O 0 

Arfenic. White. 7 8>31G 400 F. ? 0 0 

Cobalt. White. 8 8,150 
130 w. 
17977F. 

Magnetic. 

Nickel. White. 8 9,000 
150 W. 

20577 F. 
Magnetic. 

Manganefe. White. 8 7,000 
150 w. 

1 -r-> 
20577 F 

0 0 Magnetic. 

Tunglten. Brown. 6 I7,60C ) 0 0 

Molybdenur n Grey. 1 7>50C > 
0 0 

Uranium. Grey. 6 6,44c 5 

Titanium. Red. 9 4,18c 3 0 0 

Tellurium. White. 6,xij j 540 F. 0 0 

Chromum. Grey. O 0 
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General 
table of the 
properties 
of the me¬ 
tals. 

(o’) Prom VW«, became it poneues tne property ui —— 
(p) W# Wedgewood’s pyrometer. F. Fahrenheit s thermometer. 

We 



Part I. CHEM 
Tellurium. We have feen that all the metals are capable of com- 
v-—ir—bininsr with oxygen ; that almoft every one forms va- 

*9£. rious°oxides, containing different quantities of oxygen, 

on metallic and varying in colour and other properties according to 

oxides. 

cholfons 

‘Jfjurn 

453- 

the proportion of oxygen which they contain. No part 

of c he mi dry has more engaged the attention of philo¬ 

sophers than the metallic oxides; and yet fuch is the 
difficulty of the fubjed, that fcarcely any part of che- 

miftry is more imperfe&ly underftood. 
We neither know how many oxides every particular 

metal is capable of forming, nor the manner in which 
they are formed : neither have the differences between 

oxides of the fame metallic bale been inquired into ; 
though there cannot be a doubt that they differ, not 
only in their affinities, but in many of their other pro¬ 
perties. The white oxide of manganefe, for in dance, 

combines readily with acids, but the black is incapable 

of uniting with any. 
Mr Proud, in a very valuable paper which he lately 

* Ann.de publifhed concerning the oxides of iron*, hints that 
Chim. xxiii. metals are only capable of two degrees of oxidation, or, 

85‘ which is the fame thing, that only two different oxides 
can be produced from the fame metal. We think he 
has proved this completely as far as iron is concerned ; 
and probably the obfervation holds good with refpeCt 
to many other metals. Arfenic, copper, tin, molybde¬ 
num, and perhaps even mercury, feem to be capable ot 
only two degrees of oxidation ; but it would lequire a 
very numerous and accurate fet of experiments to be 
able to determine the matter, or even to form a pro¬ 
bable conjedure. Analogy is certainly againd the fup- 

pofition ; for it has been demondrated that fome fub- 
ftances at lead are capable of combining with three dif¬ 

ferent dofes of oxygen (of)y and why may not this be 

the cafe alfo with the metals ? 
There is one obfervation, however, which we owe to 

Mr Proud, the truth of which cannot be doubted, and 
which is certainly of the higheft importance-that me¬ 

tals are not capable of indefinite degrees of oxidation, 
but only of a certain number ; and that every particular 

oxide confids of a determinate quantity of the metal 
and of oxygen chemically combined. Iron, for indance, 
is not capable, as has been fuppofed, of uniting with 

oxygen in all the intermediate degrees between TV?y an^ 
and confequently of. forming 20 or 30 different 

oxides ; it can only combine with precifely parts, 
or parts, and with no other proportions ; and there¬ 

fore is only capable of forming two oxides, the green 
and the brown. In like manner, every other metal com¬ 
bines with certain proportions of oxygen, and forms 
either two oxides or more according to its nature. To 
talk therefore of oxidating a metal indefinitely is not 

accurate, except it be intended to figmfy the combi¬ 
ning of part of it with oxygen, while the red remains m 
its natural date. If iron be oxidated at all, it mud be 
combined with of oxygen ; if it be oxidated more 

than this, it mud be combined with -r^ of oxyffe?* 
We beg leave to add another obfervation, which we 

confider as of no lefs importance, and which will ffirve 
in fome meafure to modify and explain what has been 

juft now Paid. Oxygen is capable of uniting with me- 
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tals, or with any other fubftance for which it has an Tellurium^ 

affinity, only in one determinate proportion. Iron, for.in- 

ftance, and oxygen can only combine in the proportion 

°f 73 Parts °f iron and 27 of oxygen. Thele two quan¬ 
tities faturate each other, and form a compound which 
is incapable of receiving into it any more, oxygen or 
iron : this compound is the green oxide of iron. How 
comes it then, it will be alked, that there is another 
oxide of iron, the brown oxide, which contains .52 parts 
of iron and 48 of oxygen, proportions certainly very 

different from 73 and 27 ? We arifwer, there is an af¬ 
finity between the green oxide of iron and oxygen ; they 
are capable of combining together, and of faturatmg 
each other in the proportion of about 71,5 parts of 

green oxide and 28,5 of oxygen ; and the compound 
which they form is the brown oxidey which of courfe 
contains 52 parts of iron and 48 of oxygen ; But then 
it is not formed by the combination of thefe two fub- 
ftances dire&ly, but by the combination of the green 
oxide and oxygen. In like manner, the arfenic acid i3 
not compofed of arfenic and oxygen combined diredlly, 
but of white oxide of arfenic combined with oxygen. 
The very fame thing takes place in all the other metals. 
We cannot at prefent prove the truth of this obferva¬ 
tion in a fatisfa&ory manner, becaufe it would be ne- 
ceffary to draw our proofs from combinations which are 
yet undefcribed ; but we will have occafion to confide! 

it afterwards. 
We have feen that all the metals hitherto tried are 

capable of combining with fulphur, except gold and 

titanium ; that all of them on which the experiments 
have been made can be united with phofphorus ; and 

that three of them, iron, zinc, and manganefe, united 
with carbon ; and perhaps many more of them may 
hereafter be found capable of affuming the form of car¬ 

burets. 
We have feen, too, that they are capable of uniting 

with one another and forming alloys. This was long rec¬ 
koned peculiar to metals, and it is at prefent one of the 
beft criterions for determining the metallic nature of 
any fubftance. Much is wanting to render the che- 

miftry of alloys complete. Many of them have never 
been examined ; and the proportions of almoft all of 
them are unknown. Neither has any accurate method 
been yet difeovered of determining the affinities of me¬ 
tals for each other. The order of affinities which we 
have given for each metal was determined by Bergman ; 
but he acknowledged himfelf that he wanted the pro¬ 

per data to enfure accuracy. 

Chap. IV. Of Earths. 

The word earth, in common language, has two mean¬ 

ings ; it fometimes fignifies the globe which we inhabit, 
and fometimes the mould on which vegetables grow. 

Chemifts have examined this mould, and have found 
that it confifts of a variety of fubftances mixed together 
without order or regularity. The great eft part of it, 

however, as well as of the ftones, which form apparently 
fo large a proportion of the globe, confifts of a fmall 
number of bodies, which have a variety of commmon pro- 

I i 2 * perties. 

(oj We (hall fee afterwards that azot is one of thefe. 
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Properties 
of earths. 

C H E M I 
perties. Thefe bodies chemifts have agreed to clafs to¬ 

gether, and to denominate earths. 
Every body which pofleffes the following properties 

is an earth : 
1. Infoluble in water, or nearly fo ; or at leafl be¬ 

coming infoluble when combined with carbonic acid. 
2. Little or no tafte or fmell; at leaft when com¬ 

bined with carbonic acid. 
3. Incombuflible, and incapable while pure of being 

altered by the fire. 
4. A fpeqific gravity not exceeding 4,9. 
5. When pure, capable of affuming the form of a 

white powder. 
The earths at prefent known amount to ten ; the 

names of which are, lime, magnefia, barytes, ftrontites, 

alumina, filica, jargonia, glucina, yttria, aguftina. 
Every one of the above characteriftics is not perhaps 

rigoroufly applicable to each of thefe bodies ; but all of 
them poflefs a fuflicient 0umber of common properties 

to render it ufeful to arrange them under one clafs. 

Sect. I. Of Lime• 

Lime has been known from the earlieft ages. The 
ancients employed it in medicine ; it was the chief in¬ 
gredient in their mortar ; and they ufed it as a manure 

jpj to fertilize their fields. 
Method of It abounds in many parts of the world, or perhaps 
procuring we fhould rather fay, that there is no part of th$ world 
lime, -where it does not exift. It is found purefl in lime- 

*' ftones, and marbles and chalk. None of thefe fubftances, 
however, is, ftrictly fpeaking, lime ; but they are all 
capable of becoming lime by a well-known procefs, by 

. keeping them for fome time in a white heat: this procefs 

is called the burning of lime ; the product is denominated 

194 quicklime. This lafl fubflance is what we call lime. 
Properties Pure lime is of a white colour, moderately hard, but 
of hme. eafily reduced to a powder. 

It has a hot burning tafle, and in fome mcafure cor¬ 

rodes and deftroys the texture of thofe animal bodies to 
which it is applied. It has no fmell. Its fpecific gra- 

* Kirwan's vity IS 2,3 *. 

Miner. i. 5. jf wa$€r be poured on newly burnt lime, it fwells 

and falls to pieces, and is foon reduced to a very fine 
powder. In the mean time, fo much heat is produced, 
that part of the water flies of in vapour. If the quan¬ 

tity of lime flacked (as this procefs is termed) be great, 
the heat produced is fuflicient to fet fire to coinbuftibles. 

In this manner veflels loaded with lime have fometimes 
been burnt. When great quantities of lime are flacked 

in a dark place, not only heat, but light alfo is emitted, 

fJour.de as Mr‘Pelletier has obfervedf When flacked lime is 
JPbyf. t. vi weighed, it is found to be heavier than it was before. 

This additional weight is owing to the combination of 
part of the water with the lime ; which water may be 
Separated again by the application of a red heat ; and 

by this procefs the lime becomes juft what it was before 

J DrW&cL bein£ flacked f. 
195 Six hundred parts of water, at the temperature of 

liime-wa- diflblve about one part of lime ; boiling hot water 

Yxirwans difloiVes about double that quantity $. This folution 
Mintr. i. 5. is called lime-water. It is limpid, has an acrid tafte, 

and changes vegetable blue colours to green. One 

ounce troy of lime-water contains about one grain of 
lime. 

STRY, Part I. 
One thoufand parts of lime are capable of abforbing, -Lime, 

arid retaining, at a heat of 6oo°, 228 parts of water*. ~ 
Lime has never yet been obtained in the flate of* La™jficr. 

cryftals. 

It is incapable of being fufed by the moft violent 
heat that can be produced in furnaces, or even by the 

mofl powerful burning-glafies. ^5 
Lime unites readily with fulphur, and forms fulphuretSulphuret, 

of lime. This compound may be obtained by mixinganc* 
unflacked lime and flowers of fulphur together, and 
adding a little water. The heat produced by the flack¬ 
ing of the lime is fuflicient to make the fulphur and 

the lime unite. This fulphuret is of a red colour. 
When water is poured on it, fulphurated hydrogen gas 
is emitted. The fulphur is gradually converted into 
fulphuric acid by uniting with the oxygen of the water, 
the hydrogen of which flies off in the form of gas, dif- 
folving at the fame time a part of the fulphur. 

It is capable alfo of combining with phofphorus.— Phofphurct 
The phofphuret of lime decompofes water by the aflift-of lime, 

ance of a moderate heat, and gives out phofphurated 

hydrogen gas. 1?8 

Limeftone and chalk, though they are capable of be-C3ufe of 
ing converted into lime by burning, poflefs hardly any the differ 

of the properties of that active fubftance. They are[^n^j-e~ 
taftelefs, fcarcely foluble in water, and do not percep-^one aj^ 
tibly act on animal bodies. Now, to what are the newlinlc> 
properties of lime owing ? What alteration does it un¬ 
dergo in the fire ? 

It had been long known that limeftone lofes a good 
deal of weight by being burned or calcined. It was na¬ 
tural to fuppofe, therefore, that fomething was fepara- 
ted from it during calcination. Accordingly, Van Hel- 

mont, Ludovicus, and Macquer, made experiments in 
fucceflion, in order to difeover what that fomething was; 

and they concluded from them that it was pure water, 
which the lime recovered again when expofed to the 
atmofphere. As the new properties of lime could 

hardly be aferibed to this lofs, but to fome other caufe, According. 

Stahl’s opinion, like all the other chemical theories of to Stahl;, 

that wonderful man, was generally acceded to. He 
fuppofed that the new properties which lime acquired 
by calcination, were owing entirely to the more minute 
divifion of its particles by the action of the fire. Boyle 
indeed had endeavoured to prove, that thefe properties 

were owing to the fixation of fire in the lime : a theory 
which was embraced by Newton and illuftrated by 

Hales, and which Meyer new modelled, and explained 
with fo much ingenuity and acutenefs as to draw the 
attention of the moft diftinguifhed chemifts. But while 

Meyer was thus employed in Germany, Dr Black, of 
Edinburgh, publifhed thofe celebrated experiments which 

form fo brilliant an era in the hiftory of chemiftry. 200 
He firft afeertained that the quantity of water fepa-Explained 

rated from limeftone during its calcination was not near-by Dr Black* 

ly equal to the weight which it loft. He concluded in 
confequence that it mull have loft fomething elfe than 
mere water. What this could be, he was at firft at a 
lofs to conceive ; but recollecting that Dr Hales had 
proved, that limeftone, during its folution in acids, 
emitted a great quantity of air, he conjectured that this 
might probably be what it loft during calcination. He 
calcined it accordingly, and applied a pneumatic appa¬ 

ratus to receive the product. He found his conjecture 
verified; 
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, and that the air and the water which fepara- 

ted from the lime, were together precifelv equal to the 
lofs of weight which it had fuftained. Lime therefore 
owes its new properties to the lofs of air; andlimeftone 
differs from lime merely in being combined with a certain 
quantity of air : for he found that, by refloring again 
the fame quantity of air to lime, it was converted into 
limeilone. This air, becaufe it exifted in lime in a fix¬ 
ed ftate, he called fixed air. It was afterwards exami¬ 
ned by Dr Prieftley and other philofophers, found to 
pofiefs peculiar properties, and to be that fpecies of gas 

now known by the name of carbonic acid gas. Lime 
then is a fimple fubftance, that is to fay, it has never 
yet been decompounded ; and limeflone is compofed of 

carbonic acid and lime. Heat feparates the carbonic 

acid, and leaves the lime in a Hate of purity. 
The affinities of lime, according to Bergman, are as 

follows ; 
Oxalic acid, 

Suberic (r) ? 
Sulphuric, 
Tartarous, 
Succinic, 
Phofphoric, 
Saccholadlic, 

Nitric, 
Muriatic, 
Sebacic, 

Fluoric, 
Arfenic, 
Formic, 
La&ic, 
Citric, 
Benzoic, 
Sulphurous, 
Acetous, 

Boracic, 
Nitrous, 
Carbonic, 
Pruffic, 
Sulphur, 
Phofphorus,. 

Water, 

Fixed oil. 

Sect. II. Of Magnefia. 

About the beginning of the eighteenth century, a 
Difcovery £oman canon expofed a white powder to fale at Rome 

^ as a cure for all difeafes. This powder he called mag¬ 
nefia alba* He kept the manner of preparing it a pro¬ 
found fecret ; but m 1707 Valentini informed the pub¬ 
lic that it might be obtained by calcining the lixivium 
which remains after the preparation of nitre ; and two 

STRY, *53 
years after, Slevogt difcovcred that it might be preci- Magnefia.^ 

pitated by potafs from the mother ley (s) of common 
fait. This powder was generally fuppofed to be lime, 

till Frederic Hoffman obierved that it formed very dif¬ 
ferent combinations with other bodies *. But little was * Bergman, 
known concerning its nature till Dr Black publifhed his i. 365. 

celebrated experiments in 1755* Margraf publifhed a 
differtation on it in 1759, and Bergman another 111 
1775, in which he collected the obfervations of thefe 

two philofophers, and which he enriched alfo with many 

additions of his own. . . 203 

As magnefia has never yet been found native in a Method of"' 
ftate of purity, it may be prepared in the following procuring 

manner : Sulphat of magnefia, a fait compofed of thislt* 
earth and fulphuric acid, exifls in fea-water, and in ma¬ 
ny fprings, particularly fome about Epfom, from which 
circumftance it was formerly called Epfom^ fait.. This 
fait is to be diffolved in water, and half its weight of 
potafs added. The magnefia is immediately precipita¬ 
ted, becaufe potafs has a flronger affinity for fulphuric 

acid. It is then to be walked with a fufficient quantity 

of water, and dried. . «04 
Magnefia thus obtained is a very foft white powder, |ts proper_ 

which has very little tafle, and is totally deftitute of ties, 

fmell. Its fpecific gravity is about 2,3f. f Kirwan, 

It is foluble in about 7900 times its own weight of Miner. 1. 8. 

water at the temperature of 6o° J. . . } Ibid. 
Even when combined with carbonic acid (for which it 

has a ftrong affinity) it is capable of abforbing and re¬ 

taining i4r times its own weight of water, without let¬ 
ting go a drop ; but on expofure to the air, this water 
evaporates, though more flowly than it would from lime. 

Magnefia has never yet been obtained in a cryflalli- 

zed form. 
It tinges vegetable blues of an exeedingly flight 

green. 
It is not melted by the ftrongeft heat which it has 

been poffible to apply; but Mr D’Arcet obferved that, 

iu a very high temperature, it became fomewhat agglu¬ 

tinated. 
When magnefia and fulpbur are put into a vefiel of 

water, and kept for fome time expofed to a moderate 
heat, they combine, and form fulphuret of magnefia ; . 

which, according to Fourcroy, is capable of cryftalli-- 

zing. 
The phofpliuret of magnefia has never been examined- 
Equal parts of lime and magnefia mixed together, EfFedt of 

and expofed by Lavoifier to a very violent heat, .did not heat on 

melt; neither did they melt when.Mr Kirwan placed^^ee®nd 
them in the temperature of 15Q0 Wedgewood.. The inaglicfla.. 
following Table, drawn up by Mr Kirwan from his own 
experiments, (hews the effeft of heat on thefe two earths 
mixed together in different proportions. 

Pronnrtions. 

(r) The affinity of this acid for lime is inferior to the oxalic, which decompofes the fuberat of lime. Ja¬ 

nie [on's Mineral, of Shetland and Arran, p. 168. , . , f 
(s) The mother ley is the liquid that remains after as much'as poffible of any fait has been obtained from 

it. Common fait, for inftance, is obtained by evaporating fea-water. After as much fait has been extracted 

from a quantity of fea-water as will cryftallize, there is ftill a portion of liquid remaining. This portion is the . 

mother lev. 
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Affinities of 
magnefia, 

proportions, Heat. 

80 Lime 

20 Mag. 
150° Wedg. Went through the crucible. 

75 Lime 

25 Mag. 
160 Went through the'crucible. 

66 Lime 

33 Mag- 
Went through the crucible. 

20 Lime 
80 Mag. 

165 Did not melt. 

33 Lime 

66 Mag. 
13s Did not melt. 

30 Lime 

10 Mag. 
156 

Melted into a fine greenifh 

yellow glafs; but the crucible 
was corroded throughout. 
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Difcovery 
of barytes. 

The affinities of magnefia, according to Bergman, are 

as follows ; 
Oxalic acid, 

Phofphoric, 

Sulphuric, 
Fluoric, 

. Sebacic, 
Arfenic, 
Sacchola&ic, 

Succinic, 
Nftric, 
Muriatic, 
Tartarous, 
Citric, 
Formic, 

La£lic, 
Benzoic, 
Acetous, 

Boracic, 
Sulphurous, 
Nitrous, 

Carbonic, 
Pruffic, 
Sulphur, 

Phofphorus ? 
Water. 

Sect. III. Of Barytes. 

A very heavy mineral is found in Sweden, Germa¬ 
ny, and Britain, which Margraf confidered as a com¬ 

pound of fulphuric acid and lime. But Scheele and 

Gahn analyfed it in 177^}, and found that it confifted 
of fulphuric acid combined with a peculiar fpecies of 
earth. This analyfis was foon after confirmed and ex¬ 
tended by Bergman. The earth was at fir ft called terra 
ponderofa, heavy earth, on account cf the great fpecific 
gravity of the fub(lance from which it was obtained. 
Morveau called it h/irote (from heavy), which 

Bergman changed into barytes; and this laft term is now 
univerfally adopted. 

IS TRY. Parti. 
Barytes is generally found combined either with ful- Barytes, 

phuric or carbonic acid. From the firft of thefe com- u 

pounds, which is by far the moft common, it may be jvr^hod of 
obtained by the following procefs : obtaining 

Reduce the mineral to a powder and mix it with 2 4-it. 
its weight of carbonat of foda (t), previoufly deprived 
of all its water. Expofe the mixture to a red heat for 
an hour and a half, avoiding fufion, and a double de- 

compofition takes place ; the fulphuric acid unites with 

the foda, while the carbonic acid combines with the ba¬ 
rytes. Wafh it in a fufficient quantity of water to dif- 
folve the compound of fulphuric acid and foda, the car¬ 

bonat of barytes, which is almoft infoluble, remains be¬ 
hind. Left it fhould be mixed with fome other earths, 

which is generally the cafe, boil it for three hours in 
ten times its weight of diftilled vinegar, the fpecific gra- 

vity of which is 1,033 ; by which the barytes will be 
diffolved, and likewife the lime and magnefia, if there 
happen to be any; but every other earth (u) remains 
untouched. Pour off the folution, and add to it ful- 

phuric acid as long as any precipitate is formed. This 
precipitate confifts of the whole barytes and the lime 
(if there be any) combined with fulphuric acid. Wadi 

it in 50 times its weight of water, and all the lime will 
be diffolved. There will now remain nothing but bary¬ 
tes combined with fulphuric acid, which may be decom- 
pofed as before by carbonat of foda *. The carbonic *AfsueIiust 

acid may then be feparated by applying a very violent 
heat f ; or, what is better, nitric acid may be poured £ ^“l* 

upon it, which will feparate the carbonic acid and com- Edin.Tranf. 

bine with the barytes ; and then the nitric acid may beiv. 36. 

driven off by a moderate heat %. lrfdVal°l: 
Barytes thus obtained is a light, fpongy, porous bo-J? J^nTie 

dy, which may be very eafily reduced to powder. It Chbn. xxi. 
has a harfh and more cauftic tafte than lime; and when276. 
taken into the ftomach, proves a moft violent poifon. 109 

It has no perceptible fmell. 
Its fpecific gravity has not yet been afeertained. 
It imbibes water with a hiding noife, but, according 

to Dr Hope, without fwelling or fplitting as lime 

does §. However, when expofed to the air, as Four-5 Edin. 
croy and Vauquelin inform us, it eftlorefces, cracks, Yranf. ibid, 

burfts, fwells up, heats, and becomes white, by absorb¬ 
ing moifture [|. (| Ann.de 

Cold water diffolves about ,*Tth part of its weight 

barytes, and boiling water more than half its weighty^ Jour- 
As the water cools, the barytes is depofited in cry ft als, na\y 1.535* 
the fhape of which varies according to the rapidity with 
which they have been formed. When moft regular, they 

are flat hexagonal prifms, having two broad fides, with 
two intervening narrow ones, and terminated at each 

end by a four-fided pyramid, which in fome inftances 

conftitutes the larger part of the cryftal. When formed 
flowly, they are diftindl and large ; but when the water 
is faturated with barytes, they are depofited rapidly, 

Its proper¬ 

ties. 

and are generally more flender and delicate. Then, too, 
they are attached to one another in fuch a manner as to 
aflame a beautiful foliacious appearance, not unlike the 

leaf of a fern ^f. ^ Ho/*, ibid 
Thefe cryftals are tranfparent and colourlefs, and ap¬ 

pear to be compofed of about 53 parts of water and 47 
of 

(t) Soda is an alkali, which Shall be afterwards deferibed. Carbonat of foda is foda combined with carbonic 
acid, the common ftate in which it is obtained; potafs might alfo be ufed. 

(u) Except ftrontites, which Pelletier has detetted in this mineral. 
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of barytes. When expofed to the heat of boiling wa¬ 
ter, they undergo the watery fujion, or, which is the 
fame thing, they melt without lofwg any of the water 
which they contain. A ftronger heat makes the water 
fly off. When expofed to the air, they attraA carbo¬ 
nic acid, and crumble into duft. They are foluble in 
174 parts of water at the temperature of 60° ; but boil¬ 
ing water diffolves any quantity whatever: the reafon 
of which is evident; at that temperature their own wa¬ 
ter of cryftallization is fufficient to keep them in folu- 

tion *. 
Water faturated with barytes is called barytic water. 

It has the property of converting vegetable blues to a 

green. 
When barytes is expofed to the blowpipe on a piece 

of charcoal, it fufes, bubbles up, and runs into globules, 
which quickly penetrate the charcoal f. This is pro- 

andTZLbably ^ confequence of containing water; for Lavoifier 
lin,ibu: found barytes not affeded by the ftrongeft heat which 

he could produce. 
o 12l° Barytes combines readily with fulphur. l he eaheit 
of barytes way of forming fulphuret of barytes is to mix eight 

parts of fulphat of barytes with one part of pounded 
charcoal, and to apply a (Irong heat. The charcoal 
combines with the oxygen of the fulphuric acid, and 
the compound flies off in the form of carbonic acid gas. 
There remains behind fulphur combined with barytes. 
Sulphuret of barytes is foluble in water : It is of a yel¬ 
low colour. It is capable of cryftallizing ; and then 
affumes a yellowifh white colour j. 

The phofphuret of barytes has not been examined. 
No mixture of barytes and lime, nor of barytes and 

magnefia, is fufible in the ftrongeft heat which it has 
been pofiible to apply §. 

1 The affinities of barytes, according to Bergman, are 

as follows: 
Sulphuric acid, 
Oxalic, 
Succinic* 
Fluoric, 
Phofphoric, 
Sacchola&ic, 
Suberic (v) ? 
Nitric, 
Muriatic, 
Sebacic, 
Citric, 
Tartarous,. 
Arfenic, 
Fluoric, 
Tadic, 
Benzoic, 
Acetous, 
Boracic, 
Sulphurous, 
Nitrous, 
Carbonic, 
Pruffic, 
Sulphur, 
Phofphorus, 
Water, 
Fixed oils. 

} Fourcrdy. 

§ Lavoifier^ 

/lead. Far. 

1782. 

Till 

Its affini. 

S T R Y. 
Sect. IV, Of Sir entiles. 

*55 
Strontites. 
'-.-' 

About the year 1787, a mineral was brought to oifeovery 
Edinburgh, by a dealer in foffils, from the lead mine of0f ffcron- 
Strontian in Argyleftiire, where it is found imbedded tites. 
in the ore, mixed with feveral other fubftances. It is 
fometimes tranfparent and colourlefs, but generally has 
a tinge of yellow or green. Its hardnefs is 5. Its fpe- 
cific gravity varies from 3,4 to 3,726. Its texture is 
generally fibrous; and fometimes it is found cryftallized 
in (lender prifmatic columns of various lengths*. * Uopey E- 

This mineral was generally confideved as a carbonatdin. Iran/. 

of barytes; but Dr Crawford having obferved fomelV*44* 
differences between its folution in muriatic acid and that 
of barytes, mentioned in his treatife on Muriat of Bary¬ 
tes, publifhed in 1790, that it probably contains a new 
earth, and fent a fpecimen to Mr Kirwan that he might 
examine its properties. Dr Hope had alfo fufpeded 
that its balls differed from barytes; and accordingly he 
made a fet of experiments on it in 1791, which were 
read to the Royal Society of Edinburgh in 1792. 
Thefe experiments fully proved that it contained a pe¬ 
culiar earth. .Mr Kirwan likewife analyfed the ftron- 
tian mineral, and drew precifely tire fame condufions. 
It has been analyfed alfo by Mr Klaproth of Berlin, 
and Mr Pelletier of Paris. It confifts of carbonic acid 
combined with a peculiar earth, to which Dr Hope gave 
the name of Jirontites. This appellation we fhall adopt. 

The carbonic acid may be feparated by a heat of 
140° Wedgewood, and then the ftrontites remains be¬ 
hind f. f Kirwan s 

Strontites has been found in Argylefhire in Scot-^/77#r* *• 
land, near Briftol in England, and in Pennfylvania, It^3^^ ^ 
has been found alfo in France and in Sicily. It is of an fe&. $9! 
white colour. It lias a pungent acrid tafte. When 113 
pounded in a mortar, the powder that rifes is offenfive ProPer- 
to the noftrils and lungs §. It is not poifonous |(. VjjL,, Hid* 

One hundred and fixty-two parts of water, at the jj jpeiftier. 
temperature of 6c°, diffoive nearly one part of it. The 
folution is clear and tranfparent, and converts vegetable 
blues to a green. Hot water diffolves it in much lar¬ 
ger quantities; and as it cools the ftrontites is depoflted 
in colourlefs tranfparent cryftals. Thefe are in the form 
of thin quadrangular plates, generally parallelograms, 
the largeft of which feldom exceeds one-fourth of an 
inch in length. Sometimes their edges are plain, but 
they oftener confilt of two facets, meeting together and 
forming an angle like the roof of a houfe. Thefe cry- 
flals generally adhere to each other in fucli a manner as 
to form a thin plate of an inch or more in length and 
half an inch in breadth. Sometimes they affume a cu¬ 
bic form. They contain about 68 parts in 100 of wa¬ 
ter. They are foluble in 51,4 parts of water, at the 
temperature of 6oQ. Boiling water diffolves nearly half 
its weight of them. When expofed to the air, they lofe 
their water, attrad carbonic acid, and fall into pow¬ 
der ^f. ^ % Hope, Hide- 

When ftrontites is thrown into water, it attrads it*/^ 
with a hiffing noife, much heat is produced, and it falls 
into powder much more rapidly than lime *. 

It combines with fulphur either by fufion in a cru¬ 
cible, or by being boiled with it in water. The ful¬ 

phuret. 

{v) Suberic acid decompofes muriat and nitrat of barytes. Jamefon’s Mineral, of Shetland and Arran.- 
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f Kirivcn s 
Mint r, i. IO. 

4 Ibid. 

$ Ibid. 

^ Scheele. 

^ Kirwan s 
Min. i. 247, 

C H E M I 
phuret i$ of a dark yellowifh brown colour. It is fo¬ 
luble in water*. 

The affinities of flrontites, as afcertained by Dr Hope, 

are as follows : 
Sulphuric acid, 

Oxalic, 
Tartarous, 

Fluoric, 
Hitric, 

Muriatic, 

Succinic, 
Phofphoric, 
Acetous, 
Arfenic, 
Boracic, 

Carbonic. 

Sect. V. Of Silica. 

If one part of powdered flints or fand, mixed with 
three parts of potafs, be put into a crucible, and kept 

in a flate of fufion for half an hour, a brittle mafs will 
be formed almofl as tranfparent as glafs, which quickly 
attracts moillure from the atmofphere, and is entirely 
foluble in water. This folution is called liquorfilicum, 
or liquor of flints. It was firfl accurately defcribed by 
Glauber, a chemifl who lived about the middle of the 

17th century. 
If an acid be poured into this liquor, a white fpongy 

fubflance is precipitated, which may be purified from 
every accidental mixture by walking it in acids, muria¬ 
tic acid for inftance. This fubilance is called fdiceous 
earth or flica. It was firfl: diflinguifhed as a peculiar 
earth by Pott in 1746, though it had been known long 
before ; and Cartheufer, Scheele, and Bergman, proved 
in fucceffion that it could not, as fome chemifls had fup- 

pofed, be reduced to any other earth. 
Silica, when dried, is a foft white powder, without 

either tafte or fmell. 

Its fpecific gravity is 2,66 f. 
It is infoluble in water except when newly precipita¬ 

ted from the liquor filicum, and then one part of it is 
foluble in 1000 parts of water J. It has no effcdt on 

vegetable colours. 
It is capable of abforbing about one-fourth of its 

weight of water, without letting any drop from it ; 
but on expofure to the air, the water evaporates very 

readily §. 
Silica may be formed into a pafle with a fmall quan¬ 

tity of water : this pafle has not the fmallefl duftility, 

and when dried forms a loofe, friable, and incoherent 

mafs ||. 
Silica is capable of affuming a cryflalline form. Cry- 

flals of it are found in many parts of the world. They 
are known by the name of rock, cryfal. When pure 

they are tranfparent and colourlefs like glafs : they af- 
fume various forms; the mod ufual is a hexagonal 
prifm, furmounted with hexagonal pyramids on one or 
both ends, the angles of the prifm correfponding with 
thofe of the pyramids. Their hardnefs is very great, 
amounting to eleven. Their fpecific gravity is 2,653 ^f. 

STRY. Part I. 
There are two methods of imitating thefe cryflals by Silica, 

art. The firfl: method was difcovered by Bergman. He J 
diffolved filica in fluoric acid, the only acid in which it 
is foluble, and allowed the folution to remain undiiturb- 
ed for two years. A number of cryflals were then 
found at the bottom of the veffel, mcflly of irregular 
figures, but fome of them cubes with their angles trun¬ 

cated. They were hard, hut not to be compared in 
this refpe6l with rock cryflal *. * Bergma 

The other method was difcovered by accident. Pro-“*3*. 
feffor Seigling of Erfurt had prepared a liquor filicum, 

which was more than ufually diluted with water, and 
contained a fuperabundance of alkali. It lay undiflurb- 
ed for eight year3 in a glafs veffel, the mouth of which 
was only covered with paper. Happening to look to 
it by accident, he obferved it to contain a number of 
cryflals ; on which he fent it to Mr Trommfdorff, pro- 
feffor of chemiflry at Erfurt, who examined it. The 

liquor remaining amounted to about two ounces. Its 
furface was covered by a tranfparent crufl, fo flrong 
that the veffel might be inverted without fpilling any 
of the liquid. At the bottom of the veffel were a num¬ 
ber of cryflals, which proved on examination to be ful- 
phat of potafs and carbonat of potafs (w). The crufl 
on the top confifled partly of carbonat of potafs, partly 
of cryflallized filica. Thefe lafl cryflals had affumed the 
form of tetrahedral pyramids in groups ; they were per- 
fe£lly tranfparent, and fo hard that they flruck fire 

with fleel f. f Nicbol- 
Silica endures the moil violent heat without altera-Jon's Jour.i. 

tion. *17» 
It feems incapable of combining with fulphur or phof- 

Phorus- . 1 . 217 
1. The effedl of heat upon lime and filica, mixed ingAfe# of 

various proportions, will appear from the following ex-heat on 
periments of Mr Kirwan ±. mixtures of 

lime and 
filica ; 
t Mineral. 
i.56. 

Proportions. Heat. Effed. 

£0 Lime 

50 Silica 
150° Wedg. 

Melted into a mafs of a white 
colour, femitranfparent at the 
edges, and flriking fire, tho’ 

feebly, with fleel: itwasfome- 
what between porcelain and 

enamel. 

80 Lime 

20 Silica 
156 

A yellowifh white loofe pow¬ 
der. 

i 0 Lime 
80 Silica *56 

Not melted, formed a brittle 

mafs. 

2. Equal part of magnefia and filica melt with great Magnefia 
difficulty into a white enamel when expofed to the mofl and filica: 
violent heat which can be produced §. They are infu-§ Lavotfer, 
fible in inferior heats in whatever proportion they areMe™' Par' 

. , „ 1787, p. 
mixed ||. # . 59s. 

3. The effedl of heat on various mixtures of barytes 219 
and filica will appear from the following experiments of Barytes and 

Mr Kirwan ^J. . f'2U 
Proportions.^ Be’L 

1780, p. 33. 
^ Mineral. 

(w) Potafs, combined with fulphuric acid and with carbonic acid. <57* 
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Proportions. Heat. £ffe<5t. 

80 Silica 
20 Barytes 

I55° Wedg. A white brittle mafs. 

75 Silica 

20 Barytes 
150 

A brittle hard mafs, femi- 

tranfparent at the edges. 

66 Silica 
33 Barytes 

130 
Melted into a hard fame* 
what porous porcelain 
mafs. 

50 Silica 

50 Barytes 
148 

A 

A hard mafs not melted. 

20 Silica 

80 Barytes 
148 

The edges were melted 
into a pale greenifh mat¬ 
ter between a porcelain 
and enamel. 

25 Silica 

75 Barytes 
150 

Melted into a fomewhat 

porous porcelain mafs. 

33 si]i’ca 
66 Barytes 

150 i 

Melted into a yellowifh 
«ind partly greenilh white 
porous porcelain. 
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And lime, 
magnefia, 
aim filica. 

4. The effect of heat on mixtures of ftrontites and 
filica is not known. 

5. It follows from the experiments of Achard, that 
equal parts of lime, magnefia, and filica, may be melted 
into a greenifn-coloured glafs, hard enough to firike 
fire with fleel ; that when the magnefia exceeds either 
of the other two, the mixture will not melt; that when 

the filica exceeds, the mixture feldom melts, only indeed 
with him in the following proportions; three filica, two 
lime, one magnefia, which formed a porcelain ; and that 

when the lime exceeds, the mixture is generally fu- 
fible *. 

The affinities of filica are as follows : 
Fluoric acid, 
Fixed alkali. 

Sect. VI. Of Alumina. 

— Dissolve alum in hot water, and add to the folu- 

obuirdne^ tl0n Pota^s as lon£ as any Palpitate is formed. De- 
1 • g cant off the fluid part, and waih the precipitate in a 

fufficient quantity of water, and then allow it to dry. 
The fubfiance thus obtained is called alumina. Its pro¬ 

perties were firft ascertained with accuracy by Mar- 
g™f. 

Alumina thus obtained is a very white fpongy pow¬ 
der, without any fmell or tafte. 

Its fpecific gravity is 2,00 f. It is fcarcely foluble in 
water, but may be diffufed through it with great faci- 

lity. 
Suppl. Vol. I. Part I. 

* Mem, 
Berl. ibid, 
and Jour. de 
Bhyf xxiv. 
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Affinities 
of filica. 
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alumina. 

313 
Its proper¬ 
ties 

t Kirwans 
Miner, i. 9 
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With a fmall quantity of water it forms a very tough Alumina.^ 

du&fle pafte, and does not readily mix with more. ^ 
In its ufual ftate of drynefs it is capable of abforbing 

21 times its weight of water, without fyffering any to 
drop out. It retains this water more obftinately than 

any of the earths hitherto deferibed. In a freezing cold 
it contra&s more, and parts with more of its water than 
any other earth ; a circumftance which is of fome im¬ 

portance in agriculture *. * * Ibid, 
Alumina has never yet been obtained in a cryftalli- 

zed form. It has no effedt whatever on vegetable co¬ 
lours. 

The mod intenfe heat does not fufe it, but it has the 
Angular property of diminifhing in bulk in proportion 

to the intensity of the fire to which it is expofed. It 
becomes at the fame time exceedingly bard: Mr Lavoi- 
fier rendered it capable of cutting glafs ; and Mr Boyle 
had long before done the fame thing f. f Shaw's 

Wedgewood took advantage of this property oflalu- Boyle, in. 

mina, and by means of it confirudled an inftrument for422, 
meafuring high degrees of heat. It conflfts of pieces 

of clay of a determinate lize, and an apparatus for mea-wood's 

furing their bulk with accuracy ; One of thefe pieces isthermome- 

put into the lire, and the temperature is efiimated byter* 
the contraction of the piece. For a more complete de- 
feription of this important infirument, we refer to the 
article Thermometer in the EncycL 

Alumina is hardly fufceptible of combining with fill- 
phur or phofphorus ; but from the experiments of La 
Grange, it appears to have an affinity for carbon t Nichol- 

I. The effedt of heat on various mixtures of lime and/?"’* 70ur; 
alumina will appear from the following table § : 

Propoitions. Heat. 

75 Lime 
25 Alumina 

150° Wedg. Not melted. 

66 Lime 
33 Alumina 

150 Remained a powder. 

33 Lime 
66 Alumina (*) Melted. 

25 Lime 
75 Alumina (*) Melted. 

20 Lime 
80 Alumina (*) Melted. 

11. ior. 
§ Kirivan, 
b 56. 

225 
Effeiit of 
heat on 
mixtures of 
lime and 
alumina; 

226 
2. Magnefia and alumina have no adtion whatever on Magnefia 

each other, even when expofed to a heat of 150° Wedge-an<3 aiumi- 

wood ||. “a ’. . 
The effedt of heat on different mixtures of barytes ® 

and alumina will appear from the following experiments Barytes and 
of Mr Kirwarn t[. alumina; 

K k Proportions.^ 

(x) Thefe three experiments were made by Ehrman : The heat was produced by diredting a ftream of oxygen 
gas on burning charcoal, and is the moft intenfe which it has been hitherto poffible to produce. 



Proportions. Heat. Effect. 

80 Alumina 
20 Barytes 

150° Wedg. Scarcely hardened. 

75 Alumina 

25 Barytes 
156 

No fign of fufion, a 

loofe powder. 

66 Alumina 

33 Barytes 
152 As the former. 

50 Alumina 

30 Barytes 
IJO As the former. 

20 Alumina 

80 Barytes 
148 

Somewhat harder, but 

no fign of fufion. 

25 Alumina 

75 Barytes I5° 

Harder, but no fign 

of fufion. 

4« Nothing is known concerning the effedl of heat 

on mixtures of llrontites and alumina. 
c. Equal parts of alumina and fiiica harden in the 

temperature of 1600 Wedgewood, but do not fufe . 
Achard found them infufible in all proportions in a heat 

probably little inferior to 150° Wedgewood. Mixtures 
of thefe two earths in various proportions form clays, 
but thefe are feldom uncontaminated with fome other 

ingredients. . , 
6. From the experiments of Achard, it appears that 

no mixture of lime, magnefia, and alumina, in which the 
lime predominates, is vitrifiable, except they be nearly 
in the proportions of three lime, two magnefia, one alu¬ 
mina ; that no mixture in which magnefia predominates 

will melt in a heat below 1669 ; that mixtures in which 
the alumina exceeds are generally fufible, as will appear 

Ibid, i. 7a. from the following table +. 

* Ibid, l. 73, 

*31 
Magnefia, 
fiiica, and 
alumina; 

| Ibid. i. 71, 
33» 

And lime, 
magn.fia, 
fiiica, and 
alumina. 

*33 
Affinities ot 
alumina. 

aiS 
Alumina 
and fiiica; 
* Kir tv art's 

Min, i. 58. 

aa9 
Lime, mag¬ 
nefia, and 
alumina; 

3 Alumina 

2 Lime 
1 Magnefia 

A porcelain. 

3 Alumina 

1 Lime 
2 Magnefia 

A porcelain. 

3 Alumina 

1 Lime 
3 Magnefia 

Porous porcelain. 

3 Alumina 

2 Lime 
3 Magnefia 

Porous porcelain. 

3 Alumina 

2 Lime 
2 Magnefia 

Porcelain. 

. »3° 7, Prom the fame experiments, and thofe of Kirwan, 

h^n’d alu-we learn, that in mixtures of lime, fiiica, and alumina, 
SnaT when the lime exceeds, the mixture is generally fufible 
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either into a glafs or a porcelain, according to the pro- Alumina 

portions. The only infufible proportions were, 
2 3 Lime 
1 1 Silica 
2 2 Alumina. 

That if the fiiica exceeds, the mixture is frequently fu- 

fible into an enamel or porcelain, and perhaps a glafs 
and that when the alumina exceeds, a porcelain may 

often be attained, but not a glafs . 
8. As to the mixtures of magnefia, fiiica, and alumina, 

when the magnefia exceeds, no fnfion takes place at 
150°. When the fiiica exceeds, a porcelain may often 

be attained ; and three parts fiiica, two magnefia, and 
one alumina, formed a glafs. When the alumina exceeds, 

nothing more than a porcelain can be produced f. 
9. Achard found that equal parts of lime, magnefia, 

fiiica, and alumina, melted into a glafs. They fufed al- 

fo in various other proportions, efpecially when the fiii¬ 

ca predominated. 
The affinities of alumina as as follows : 

Sulphuric acid, 

Nitric, 
Muriatic, 
Oxalic, 
Arfenic, 
Fluoric, 
Sebacic, 
Tartarous, 
Succinic, 
Sacchola&ic, 

Citric, 
Phofphoric, 

Formic, 
» La&ic, 

Benzoic, 
Acetous, 

Boracic, 
Sulphurous, 
Nitrous, 

Carbonic, 
Pruffic. 

Sect. VII. Gf Jargonia. 

Among the precious (tones which come from theDifcovery 
iiland of Ceylon, there is one called jargon, which is of jargoma. 

poffeffed of the following properties. 
Its colour is various, grey, greenifh white, yellowiih, 

reddifh brown, and violet. It is often cryftallized, ei- 
ther in right angular quadrangular prifms furmounted 

with pyramids, or oftahedrals confifting of double qua- 
drangular pyramids. It has generally a good deal of 

luftre, at leaft internally. It is moftly femitranfparent. 

Its hardnefs is from io to 16 : Its fpecific gravity from 

16 to 4 7 J I IMA 
4 It lofes fcarcely any of its weight in a melting heat ; 333- 
for Klaproth found that 300 grains, itfter remaining in 

it for an hour and a half, were only one-fourth of a grain 
lighter than at firft j. Neither was it attacked either VJm..* 

by muriatic or fulphuric acid, even when affifted by heat, 
At laft, by calcining it with a large quantity of foda, 
he diffolved it in muriatic acid, and found that 100 parts 

of it contained 31,5 of fiiica, Kve of a mixture of nick¬ 
el, 
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Glucina, 

*35 
Its proper¬ 

ties. 

* Kirrvan. 

Mineral. 

i. p. 14. 

236 

Difcovery 

of glucina. 

CI-1EMI 
cl and Iron, and 68 of an earth pofleffed of peculiar pro¬ 
perties. This earth has been called jargonia, 

Jargonia has a ftrong refemblance to alumina. It is 

of a white colour. Its fpecific gravity probably exceeds 

4,000. 
It differs from alumina in the compounds which it 

forms with other bodies, in being infoluble in a boiling 

folution of pure potafs or foda, and in being infuiibk by 
heat when mixed with thefe fubftances in a flate of dry- 

nefs *. 

No more of its properties are yet known. 

*37 
Its \ roper* 
ties. 

Sect. VIII. Of Glucina, 

In the beryl was difeovered, fome time ago by Vau- 
quelin, a new earth, to which he gave the name of g/u- 
clna. To obtain it pure, the beryl, reduced to powder, 

is to be fufed with thrice its weight of potafs. The 
mafs is to be diluted with water, diilolved in muriatic 

acid, and the folution evaporated to drynefs. The re- 
fidimm is to be mixed with a large quantity of water, 
and the whole thrown on a filter. The filica, which 
conflitutes more than half the weight of the ftone, re¬ 
mains behind ; while the glucina and the other earths, 
combined with muriatic acid, remain in folution. They 

are to be precipitated by means of carbonat of potafs ; 
the precipitate is to be wafhed, and then diffolved in ful- 
phuric acid. When the folution, after potafs has been 
added to it, has been evaporated to the proper con- 
fiftency, alum cryftals are gradually formed. When as 
many of thefe have been obtained as poftible, carbonat 
of ammonia in excefs is to be poured into the liquid, 
which is firft to be filtered and then boiled for fome 

time, when a white powder gradually appears. This 
powder is glucina, 

It is a foft light powder, without either tafle or 
fmell, but has the property of adhering ftrongly to the 

tongue. It has no adlion on vegetable colours, is alto¬ 
gether infufible by heat, and neither hardens nor con¬ 
tracts in its dimenfions. It is infoluble in water, but 
forms with a fmall quantity of that liquid a pafte to a 
certain degree dudtile. It does not combine with oxy¬ 
gen, nor with any of the fimple combuflibles ; but ful- 
phurated hydrogen diffolves it, and forms with it a hy- 
drofulphuret, fimilar in its properties to other hydro- 

• fulphurets. Glucina is foluble in the liquid fixed alka¬ 
lies ; infoluble in ammonia, but foluble in carbonat of 
ammonia. It combines with all the acids, and forms 
with them fvveet tailed falts ; avu hence its name, from 

y\\jxo<% facet. Its other properties have not been exa¬ 
mined. 

Sect. IX. Of Tttria and Agujlina•' 

Difcovery Some time before 1788 was difeovered, in the quar- 
and proper-ry ofYtterby in Sweden, a peculiar mineral, called 
ties of yt- from ProfefTor Gadolin, who firfl analyfed it, gadolinite. 

tna* Its colour is black, and its fra&ure like that of glafs. 
It is magnetic, and foft enough to be fcratched by a 
knife, and fometimes even by the nail. In this mine¬ 

ral a new earth has been difeovered by various chemifts, 
who have agreed to give it the name of yttria. When 

feparated from the other fubftances with which it is 
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combined, viz. the oxides of Iron and manganefe, a tttria and 

little lime, and a conliderable quantity of filica, it lias 
the appearance of a fine white powder, and has neither 
tafle nor fmell. It is not melted by the application of 

heat, has no adlion on vegetable blues, and is not fo¬ 

luble in water. It is likewife infoluble in pure alka¬ 
lies ; but it diffolves readily in carbonat of ammonia. It 

combines with acids, and forms with them falts, which 
have a fweet tafle, and at the fame time a certain de¬ 

gree of aufterity. ^39 
Trommfdorf has lately difeovered in the Saxon beryl Difcovery 

a new earth, to which he has given the name of Agufti-°I aguftma. 

na, becaufe the falts which it forms have little or no 
tafle. As Trommfdorf’s experiments have not hither¬ 

to been repeated, the cxiftence of this earth mull con¬ 
tinue doubtful till the conclufions of the difeoverer be 

confirmed by other philofophers. 

140 

These are all the fimple earths that have yet beenRemarkson 

difeovered; and the firft four of them have a great ma-the earths, 

ny common properties. They tinge vegetable blues 
green, they have a ftrong affinity for carbonic acid, and 

combine readily with all acids. They have fometimes 

been called alkaline earths. 
None of the earths have been hitherto decompound¬ 

ed, nor has the fmalieft proof ever been brought that 
they are compounds. We rauft therefore, in he pre- 
fent flate of chemiftry, confidei them as fimple bodies. 
Many attempts, indeed, have been made to fhew that 

there was but one earth in nature, and that all others 

were derived from it. The earth generally made choice 
of as the fimpleft was filica (y). Bui none of thefe at¬ 
tempts, notwithftanding the ingenuity of feveral of the 

authors, has been attended with the fmalieft fhadow of 

fuccefs. 
We have mentioned formerly, that it was almoft the 

univerfal opinion of chemifts that metals were compofed 
of fome of the earths united to phlogifton; but of late 
an attempt has been made to prove that all the earths 
are metallic oxides, and that they can a&ually be redu¬ 

ced to the flate of metals. 
Baron had long ago fufpe&ed that alumina hadfome- 

what of a metallic nature ; and Bergman had been in¬ 
duced, by its great weight and feveral other appearan¬ 
ces, to conjecture that barytes was a metallic oxide : 
But the firft chemift who ventured to hint that all 
earths might be metallic oxides was Mr Lavoifier *. * ’ Cbemifry, 

About the year 1790, foon after the publication of MrTrcn7flEnS‘ 
Lavoifier’s book, Mr Tondi and ProfefTor Ruprecht, 
both of Schemnitz, announced, that they had obtained 
from barytes, by the application of a ftrong heat, a me¬ 
tal of the colour of iron, and attra&ed by the magnet, 
which they called borbonium; from magnefia another, 
which they called aujlrum; a third from lime, alfo 
called aujlrum ; and a fourth from alumina, which they 
denominated apulum. Their method of proceeding was 
to apply a violent heat to the earths, which were fur- 
rounded with charcoal in a Hefiian crucible, and co¬ 
vered with calcined bones in powder. 

But their experiments were foon after repeated by 

Klaproth, Savorefi, and Tihaufki; and thefe accurate 

K k z chemifts 

(y) Mr Sage, however, pitched upon lime. 
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Calorie, chemifts. foon proved, that the pretended metals were all 

of them phofphurets of iron. The iron, by the violence 
of the heat, had been extra&ed from the crucible, and 
the phofphorus from the bones. The earths therefore 
mult ft ill continue a diftindl clafs of bodies: and, as Kla¬ 
proth has ohierved, their properties are fo exceedingly 
different from thofe of metallic oxides, that the fuppo- 

iition of their being compofed of the fame ingredients is 
contrary to every fa£t, and to every analogy with which 

%ve are acquainted. 

Chap. V. Of Caloric. 

Nothing is more familiar to 11s than heat} to at¬ 

tempt to define it therefore would be unneceffary. When 
we lay that a perfon feels heat, that a Jlone is hot, the ex- 

prefiions caufe no difficulty; every one underflands them 
perfectly: yet in each of thefe propofitions the word 
heat has a diftindt meaning. In the one, it fignifies the 
fenfation of heat; in the other, the caufe of that fenfation. 

‘This ambiguity, though of little confequence in common 

life, leads unavoidably in philosophical difcuffions to con- 
fulion and perplexity. It was to prevent this that the 
French chemifts made choice of the word caloric to fig- 

nify the caufe of heat. When 1 put my hand on a hot 
{tone, I experience a certain fenfation, which I call the 

a fenfation of heal; the caufe of this fenfation is caloric. 
Whether Concerning the nature of caloric, there are two opi- 
calonc be anJons which have divided pliilofophers ever fmee they 
fubftance. turned their attention to the fubjea. Some fuppofe 

that caloric, like gravity, is merely a property of mat- 
* ter, and that it coniifts, fume how or other, in a pecu¬ 

liar vibration of its particles ; others, on the contrary, 

think that it is a diftina fubftance. Each of thefe opi¬ 
nions has been fupported by the greatefl philofophers ; 

and the obfeurity of the fubjea is fuch, that both Tides 
have been able to produce exceedingly plaufible and for¬ 

cible arguments. The recent difeovenes, however, in 

1 S T R Y. 
this branch of chemiflry, have rendered the latter opi¬ 
nion much more probable than the former. Indeed we 

do not fee how it is poffible to account for many of the 
phenomena of nature, unlefs caloric be confidered as a 
fubftance, as we trull fhall appear from the invefliga- 
tion into which we are about to enter. We mean, then. 

Part I. 
Caloric. 

with the generality of modern chemifts, to take it for 
granted that caloric is a fubftance, without pretending 
to be able to demonftrate the truth of our opinion, but 
merely becaufe we confider it as infinitely more plau¬ 
fible than the other. If the receiver of an air-pump, 
while it contains a thermometer, be fuddenly exhaufted 
of air, the thermometer finks feveral degrees, and then 

gradually rifes again to its former height. Now if heat 
be owing to vibration, how comes it that the fmall quan¬ 

tity of matter remaining in the receiver is firft infuffi- 
cient, and afterwards fulficient to maintain the tempe¬ 

rature ? Is it not more probable that part of the calo¬ 
ric was carried off with the air, and that it gradually 
returned through the glafs, which it is capable of per¬ 

vading, though with difficulty *. When air is let into * See 
an exhaufted receiver, the thermometer, as Lambert firft utf™ h 

obferved, rifes feveral degrees. Is not this owing to an F<r"»cb#I’ 
additional quantity of caloric introduced by the air l 
The thermometer then finks flovvly. Is not this becaufe 
the fuperabundant caloric gradually pervades the glafs 

and flies off? Taking it for granted then that caloric ia 
a fubftance, we proceed to examine its propertis. 24a 

1. When bodies become hot, or, which is the fame Caloric er* . 

thing, when caloric enters into them, they expand in P^ds bo* 

every diredlion; and this expanfion is proportional to the 
accumulation of caloric. The firft and moft obvious 
property of caloric then is the power of expanding bo¬ 

dies. It does not, however, expand all fubftances equal¬ 
ly, and we are ftill ignorant of the law which it follows. 
All that ean be done therefore is to colle£l fa<fts till 

this law be difeovered. A number of thefe may be feen 

in the following Table : 

# JVagden. 

f tserwton. 

Table of the Expanfion of various Bodies at different Temperatures. 

Tempe¬ 
rature. 

Water *. Mercury. 
L infeed 

oil f. 
Alcohol *. 

Tempe¬ 
rature. 

Water *. Mercury. 
Linfeed 

oilf. 
Alcohol *. 

3°° 

3 2 

35 
40 

45 
5° 

55 
60 

65 

70 

75 
80 

85 
90 

95 

IOOCOO 

99997 

100005 

1OOO23 

100053 

100091 

100141 

100197 

100261 

100332 

10041I 

100694 

100790 

100000,0 

100030,0 

] 0008l,0 

100131,9 

100182.8 

100253,7 

100304,6 

100355,5 
100406,4 

l0°457>3 
100508,2 

100559,1 

100610,0 

100660.9 

IOOOOO 

I02560 

IOOOOO 

IOO267 

IOO539 

10l8l8 

IOIIO5 

IQI4OI 

IOI688 

IOI984 

IO2281 

IO2583 

IO289O 

103202 

IO3517 

IO384O 

IOO° 

105 
1IO 

120 

I30 

I40 

150 

l60 

167 

170 

180 

190 

2 00 

212 

408 

100908 

1 IOI404 

102017 

IO2753 

103617 

IO4577 

100711,8 

100762.7 

1008 13,6 

100915.4 

101017,2 

I0!II9,0 
101220.8 

101322,6 

101424.4 

101526,2 

101628,0 

101729,8 

101835,0 IO725O 

115160 

IO4162 

* Pslagitu. 

j- Ncwtofi. 

Table 
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Table of the Expanfion of various Bodies at different Temperature/ continued. 

26l 
Caloric. 

* Kirvuan, 

f De Luc, 
Tempo* 
mure 

Sulpb. 
acid 

Nitric 
acid*. 

Glafsf. Air. 
Oxygen Azotic 

gas§. 
Hydrogen 

gas 

Nitrous 
gas§. 

Carb. acid 

gas §• 

Ammonia- 

cal gas § 

32° - _ IOOOOO IOOOOO IOOOOO IOOOOO IOOOOO IOOOOO IOOOOO IOOOOO 

40 — — — 101790 

45 — IOO005 — — 

5° IOOI49 100149 — 104140 

55 [O0263 101074 100006 — 

60 100382 101389 — 106560 

65 100615 101767 — — 

7° 100751 102096 — 108950 

75 
77 

— 
... . 

ICOOI4 

104520 103400 108390 IC652O II1050 127910 

80 - ■ — — 111300 

■ 90 — — — .IJ359° 

100 — — 100023 — 

110 

122 

— 
. 100033 

117580 

124830 121860 122830 II763O 130660 184870 

130 „ , — — 121870 

150 

167 

— 100044 

100056 

126030 

190180 176640 >37420* 14437° >7383° 358780 

170 — — — 130090 

190 

* 212 — — 
100069 
100083 

133970 

13489° 1 547670* 694120 1391zot 160290:}; 200940$ ; 680C90J 

1 (A) 

5 Du Ver¬ 
mis , Encyc. 
Met Led. art* 
Air. 

Table of the Expanfon of Metals from 320 /0 212°f» 

Tempera¬ 
ture. 

Antimony. Steel. Iron. Caft Iron. Bifmuth. Copper. 
Oaft 
Brafs. 

Brafs Wire. 

3*° 
212 

White 1 

heat \ 

120000 

120130 

120000 

I20I47 

123428* 

I20000 
120151 

I 2I 5OO* 

120000 

122571* 

I20000 

120167 

I 20000 

120204 

120000 

120225 

I20000 
120232 

Tin. Lead. 
Hammered 

Z,nC- j Zinc. 
Zinc 8 
Tin 1 

Lead 2 
Tin 1 

Brafs 2 
Zinc i 

'Pewter. 
Copper 3 
Tin(b) 1 

320 

212 

120000 
120298 

120000 

120344 

120000 j 120000 

J20355 1 >2°373 

I20000 

120323 

I 20000 

120301 

I20000 
I20247 

I 20000 
I 20274 

I20000 
120218 

f Smeaion, 
Phil. Pranj 
xlviii. 612.' 

Rthmatj ' 

From 

(jv) This mark t implies that, owing to fome inaccuracy in making the experiments, the numbers to which it 

is attached are not to be depended _on. . 
f®VTh'e metal whofe expanfion is here given was an alloy competed ot three parts ot copper and one of tin, 

The figures in fome of the preceding columns are to be underftood in the fame manner. Thus in the laft column 

Bui two, the metal conlifted of two parts of brafs alloyed-wifh one of zinc. 
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Caloric. From this table, it appears that the gafes are more 

4'' “v ” ’ expanded by caloric than fluids., and fluids more than 

Exception folIds 5 and that the e*Panfion of a11 bod':e6 hitheyto €X‘ 
P amined, mercury alone excepted, goes on in an increa- 

fing feries. To the expanding power of caloric there 
is one Angular exception : From 30* to 40° Fahrenheit, 

water, iuftead of being expanded, fuffers a remarkabk 
contra&ion, as is evident from the following table of 

its bulk for every degree between 30* and 40°. 
Bulk. 

30® - - - 100074 

t Bladder 

*44 
Thermo. 
meter. 

3J 

32 
33 
34 
35 

-36 

37 
38 

39 
40 

100070 
100066 

100063 
iooc6o 
100058 

100056 
100055 

100054 
100054 

100054 *« 

*45 1 
No body 
without 
caloric. 

246 
Equilibri¬ 
um of ca- 
loric. 

■j- Sur le Feu 
chap, vi 
X Phil. 
Tran/. 
1786, 
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- From 400 it expands like other fubflances on being 

heated (b). 
The expan (ion of bodies by caloric has furnifhed us 

with an inflrument for meafuring the various degrees of 

it in different fubflances, we mean the thermometer; 
and as mercury is the only fluid which expands equably, 

it is obvioufly the only proper one for thermometers. 
The thermometer uniformly ufed in this article is that 

of Fahrenheit, except when fome other is particularly 

mentioned. 
2. By means of the thermometer, we learn that there 

is no body which does not contain coloric, becaufe there 

is none fo cold that it cannot be made colder: and cool¬ 
ing a body is nothing elfe but abftrafting a part of the 

caloric which it contains. 
3. Caloric cannot be confined in any body while 

thofe in its neighbourhood are colder, but continues to 

rufh out till every thing is reduced to the fame tempe¬ 
rature. This does not proceed from the attra&ion of 
the colder bodies, but from the tendency of caloric to 
exifl everywhere in an equal degree of tenfion : For 
when hot bodies are placed in the exhaufled receiver of 

an air-pump, as we learn from Mr Pidlet •j', or in the 
'Torricellian vacuum, as Count Rumfordhas fhewn usj;, 

the caloric leaves them in the fame manner, tho’ more 

flowly, and they are equally reduced to the temperature 
of the furrounding bodies. This property has been 

called the equilibrium of caloric. The only way there¬ 
fore to confine or accumulate this fubftance in a body, 

is to furround it with bodies which are hotter than itfelf. 
4. The equilibrium of caloric feems evidently to prove 
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that its particles repel each ether. This repulfion will Caloric, 
caufe them when accumulated in any place to fly off in * 

every dire'&ion, and to continue to feparate till they areThe^parti- 
oppofed by caloric in other bodies of the fame relative cles of caio- 
denfity with themfelves, which, by repelling them in itsric repel 

turn, compels them to continue where they are. The eacil otker’ 

caloric in bodies therefore is in what has been called by 
Mr Pidlet a date of tenfion (c). Its particles are adlu- 
ated by a force which would make them ieparate to an 
indefinite diflance, were they not confined by the op¬ 

pofite force of the caloric which furrounds them. The 
equilibrium therefore depends on the balancing of two op- 
pofite forces ; the repulfion between the particles of ca¬ 
loric in the body, which tends to diminifh the tempera¬ 

ture ; and the repulfion between the caloric of the body 
and the furrounding caloric, which tends to raife the 
temperature. When the firft force is greater than the 

fecond, as is the cafe when the temperature of a body is 
higher than that of the furrounding bodies, the calorie 

flies off, and the body becomes colder. When the laft 
force is ftronger than the firft, as is the cafe when a 
body is colder than thofe which are around it, the par¬ 

ticles of its caloric are obliged to approach nearer each 

other, new caloric enters to occupy the fpace which 
they had left, and the body becomes hotter. When 
the two forces are equal, the bodies are faid to be of 
the fame temperature, and no change takes place *. *See P/V- 

It is the action of thefe oppofite forces which makestetfurh 

the thermometer a meafure of temperature. When ap-/'^ch*,t 

plied to any body, it continues to rife or fall till the ca¬ 

loric in it and in the body to which it is applied are of 
the fame tenfion, and then it remains ftationary. The 
thermometer therefore merely indicates that the tempe¬ 

rature of the body to which it is applied is equal to its 
own. It is. obvious that, in order to obtain the real 

temperature of bodies, the thermometer fhould be fo 

fmall that the quantity of caloric, which enters or leaves 

it, may not materially affe& the refult. 
This property of caloric feems to be the caufe of the 

clafticity of the gafes, in which, as we fhall fiiew after¬ 
wards, it exifts in great quantities. Perhaps it is the 
caufe of elafticity in general; for we have no demon- 
ftrative evidence that the particles of elaftic bodies repel 
each other (d), and we are certain that all pf them 
contain caloric. Perhaps alfo it is owing to this repul- 

five property of caloric that the particles of no body 
a&ually touch each other ; for the lefs caloric we leave 

in a body, the nearer its particles approach to one ano¬ 
ther. The expaniion of bodies by caloric feems alfo to 

depend on the fame property. The particles of caloric 
uniting with thofe of the body, endeavour to drag them 
along when they recede from each other. The expan- 

fion 

/B) There was a curious fad concerning dilatation obferved by Mr de Luc. A brafs rod which he ufed as a 

thermometer became in fummer habitually longer ; that is to fay, that after being for feme time lengthened by 
heat it did not contrad by the application of cold to its old length, but continued fomewhat longer. In winter 
the contrary phenomenon took place. After being contraded for fome time by cold, it did not return to its old 
length on the application of heat, but kept fomewhat (horter. A leaden rod (hewed thefe effeds in a greater 
degree. Glafs has not this quality. De Luc fufpeds that this property is inverfely as the elafticity of bodies. 

Glafs is perfedly elaftic, and lead is lefs elaftic than brafs.—Journ. de Phyf. xviii. 369. 

(c) The phrafe was firft ufed by Mr Volta. # 
(d) Wc acknowledge that feveral philofophers of the firft rank, ./Epinus for mftance* and Bofcovich, have 

fuppofed that the particles of all bodies both attrad and repel each other : but we cannot help thinking it rather 

improbable (if it be poflible) that two fuch oppofite properties (hould exift together. 
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Caloric, fion of bodies therefore ought to be inverfely as their 

-v-p cohefion, and dire&ly as the tenfion of the caloric which 
they contain. This property of caloric feems likewife to 
afford an explanation of a very curious fad, which was 
firft, we believe, mentioned by De Luc in his I reatife 
on the Modifications of the Atmofphere, and afterwards 

Bodies be- afcertained by Dr GeorgC Fordyce, that bodies become 
come light- abfolutely lighter by being heated. He took a glafs 

heated^£^n^gl°bc t^rce inches in diameter, with a fhort neck, and 
* weighing 451 grains; poured into it 1700 grains of 

water from the New river, London, and then fealed it 

hermetically. The whole weighed 215044 grains at 
the temperature of 3 2°. It was put for twenty mi¬ 
nutes into a freezing mixture of fnow and fait till fome 
of it was frozen ; it was then, after being wiped firft 
with a dry linen cloth, next with clean walked dry lea¬ 
ther, immediately weighed, and found to be ^th of a 
grain heavier than before. This was repeated exadtiy 
in the fame manner five different times. At each, more 

of the water was frozen and more weight gained. When 
the whole water was frozen, it was rVths of a grain 
heavier than it had been when fluid. A thermometer 
applied to the globe flood at io°. When allowed to 
remain till the thermometer rofe to 320, it weighed 

T^-tlis of a grain more than it did at the fame tempera¬ 
ture when fluid. We fhall fhew afterwards that ice 
contains lefs caloric than water of the fame temperature 
with it. The balance ufed was nice enough to mark 

part of a grain *. Morveau, too, found, much 
about the fame time, that water put into veffels herme¬ 
tically fealed, weighed more when frozen than when 

Yjeurn.de fluid f : and Mr Chauffer found, that two pounds of 

^hf-17%S> fulphuric acid were three grains heavier when frozen than 

fjourn.de after they had recovered their fluidity Now, if the 
partieles of caloric repel each other, bodies which con¬ 
tain it in great quantities muft be fomewhat repelled by 
each other. The more replete therefore that any body 
is with caloric, the more it will be repelled by the earth, 
which always contains a great quantity ; and this re- 
pulfion muff in fome degree counteract its gravitation. 
This explanation was firfl fuggefled, we believe, by 

Dr Black. 
The fame property explains another curious fat dif- 

movesmore covered by Mr Pitet of Geneva, that caloric moves 

war^jf thanmore readily vertically upwards than downwards. He 
dowmvardstook a tube of tinplate, two inches in diameter and 44 

in'length, and enclofed in it a bar of copper four lines 
in diameter and 33 inches in length, which was placed 
and fixed exatly in its axis. This tube was exhaufted 

§ See Ma- of air, by means of an air-pump, till the manometer § 
nometer in flood at the height of four lines. It was inclofed in au- 
this Suppl. other tube of pafleboard, except about two inches, ex- 

adly in the middle, to which place the fun’s rays were 
directed for half an hour by means of a concave mirror. 
The ends of the copper bar were fcooped out into eon- 

cave hemifpheres ; and into each of thefe the bulb of a 
very fenfible thermometer was fixed. The tube was 

placed vertically. The higheft thermometer, which we 
fhall call A, rofe to 95°, a hundred and one feconds 
before the loweft B. The thermometer B rofe no liigh- 

* Phil. 
Tranf. 
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Sagans, 

1785, 
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er than 95° ; but the thermometer A reached 101,75*. ( 
To fee whether this difference was owing to the ther¬ 
mometers, the tube was inverted, and confequently the 
higheft thermometer in the former experiment was low- 
ell in this. The thermometer B now rofe from 49° to 

97,25" in 2810"; the thermometer A in 2763", or 47" 
fooner than B. It was evident from this refult, that 
the thermometer A was more fenfible than the thermo¬ 
meter B by 477. If this be fubtra&ed from 1017, the 

former difference, it will leave 54", as the difference re- 
fulting from pofition. Thefe experiments were repeat¬ 

ed with only this difference, that round the ends of the 
bar and the bulbs of the thermometers (but without 
touching the bulbs) fome folds of oiled paper were 
wrapped to confine the caloric. The fuperior thermo¬ 
meter A rofe from 50° to 106,25° in 34 minutes, 
which was 93 ' fooner than the inferior B : it rofe to 
11c,75°, the thermometer B only to 106,25°. The 
tube being reverfed, the thermometer A, which W3S now 

loweft, rofe from 46° to 115,25° in 40' 30'', or forty fe¬ 
conds fooner than the thermometer B. This fubtra&ed 
from 93'', as formerly, leaves 53'' for the difference of 
fituation. The fuperior thermometer mounted after the 

burning.glafs was removed 0,45°, remained ftationary 
for 80 and after five minutes had only defeended 0,45°; 
the other did not afcend at all; in one minute it defend¬ 

ed 0,225°, and irt 6' 87 it defeended 2,47°. In 22' 50'' 

the inferior defeended 63,725°, the fuperior 61,475°*'*rUrUF€U 
From thefe experiments, it is obvious that the particles^a^ *** 
of caloric move fomewhat fafter, and in fomewhat great¬ 
er quantity, upwards than downwards; owing, doubt- 
lefs, to the repulfive power of the caloric in the earth. 
The fmall quantity of air that remained in the tube 

may perhaps be fuppofed fufficient to account for" the 
difference, without allowing any fuch tendency upwards, 
in caloric. But it is evident from the experiments of 
the Florentine academicians on the fame fubjedt, with, 
tubes full of air, that even when in great abundance, 
that fluid hardly affe&ed the riling of the fuperior ther¬ 
mometer ; furely then its effe& muft be altogether im¬ 
perceptible when fo little of it remained ; and in the 
third and fourth experiments the oiled paper prevented 

any of the heated air from approaching the thermo¬ 

meter. # 2s r 
y. If we take a bar of iron and a piece of ftone of Conducing, 

equal dimenfions, and putting one end of each into theP°wer of 
fire, apply either thermometers or our hands to thebodies: 

^other, we fhall find the extremity of the iron fenfibly 
hot long before that of the ftone. Caloric therefore 
does not pafs through all bodies with the fame celerity 
and eafe. The power that bodies have to allow it a 
paffage through them is called their conducing power ; 
thofe that allow it to pafs with facility, are called good 
conduSors ; thofe through which it paffes with difficul¬ 
ty, are called bad condufiors ; and thofe whieh do not 

allow it to pals at all, non-conduftors. ^ 
It is probable that all folids condudl heat in,fome de-of wood - 

gree, at leaft this is the cafe with every one at prefent and char- 
known. Wood and charcoal are exceeding bad condudlors coa*» 

of caloric (e). Count Rumford informs us, that a piece 
of 

/E\ This faa merits the attention of chemifts. It is obvious, that when metallic oxides are furrounded with 
charcoal powder, their temperature cannot be railed near fo high as it otherwife would be. It is not unlikely 
that fome part of the difficulty which has been experienced in attempting to reduce and fufe feveral metallic fub, 

ftances may have been owing to this caufe. 
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of green oak plank was employed to fUr the melted me¬ 
tal of which cannons were founding at Munich, and it 
was often allowed to renviin a conliderable time in the 
furnace ; yet the caloric had penetrated to fo inconli- 
derahle a depth, that at the difhnce of T^th of an inch 
below the furface, the wood did not feem to have been 
the lcall afFe6led by it ; the colour remained unchan¬ 
ged, and it did not appear to have loft even its moif* 

Rumfordts ture *. 
li. Glafs, when not tranfparent (f), is alfo a very bad 

conductor : and this is the reafon that it is fo apt to 
crack on being heated or cooled fuddenly ; one part of 
it receiving or parting with its caloric before the reft, 

expands or contracts, and deftroys the cohefion. 
Metals are the bell conductors of caloric of all the 

folids hitherto examined. The conducing powers of 

all, however, are not equal. Dr lngenhoufz procured 
cylinders of feveral metals exactly of the fame frze, and 
having coated them with wax, he plunged their ends 
into hot water, and judged of the conducting power of 
each by the length of wax-coating melted. From thefe 
experiments he concluded, that the conducting powers 

of the metals which he examined were in the following 

f rJourn, Sc order f. 
Jahvr. 1789, Silver, 

P 68. Gold, 

Tin 9 ^ ncarty eclua^' 

Platinum, 

229 
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Iron, 

Steel, 
Lead, 

► much inferior to the others. 

256 
Whether 
fluids be 

ur nones Next to metals ftone feems to be the beft conductors; 
and folids this property varies confiderably in different ftones. 
capable of BrJckg are much worfe conductors than moft ftones. 

melting. ^ folids capable of being melted become non-conduc¬ 

tors the moment they are heated to the melting point: 

the caloric enters them eafily enough, but it remains in 

them. 
A queftion has lately been agitated among philofo- 

juuus uc phers, Whether fluids be conductors of caloric > No 
conductors doubt was entertained of their being not only conduc- 
of caloric. ^orSj p,ut good conductors, till the publication of Count 

Rumford’s Effays, in which the author contends, with 
much plaunbility of reafoning, that though fluids carryy 

they do not conduct heat ; or, in other words, let it pafs 

freely from one particle to another. 

IVha/led In a fet of experiments on the communication of 
him to this heat, he made-ufe of thermometers of an uncommon 
opinion. flze> Having expofed one of thefe (the bulb of which 

was near four inches in diameter) filled with alcohol to 
as great a heat as it could fupport, he placed it in a 
window to cool where the fun happened to be Alining. 
Some particles of duft had by accident been mixed with 
the alcohol: thefe being illuminated by the fun, became 
perfedly vifible, and dilcovered that the whole liquid in 
the tube of the thermometer was in a moft rapid mo¬ 
tion, running fwiftly in oppoflte directions upwards and 
downwards at the fame time. The afeending current 
occupied the axis, the defesnding current the fides of the 

lube. When the Tides of the tube were cooled by means 
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of ice, the velocity of both currents was accelerated. Tt Caioiic. 
diminished as the liquid cooled ; and uhen it had acqui- ~v— 

red the temperature of the room, the motion ceafed al¬ 
together. This experiment was repeated with lintfeed 

oil ’and the refult was precifely the fame. Thefe cur¬ 
rents were evidently produced by the particles of the li ¬ 

quid going individually to the Tides of the tube, and gj- 
ving.out their caloric. The moment they did fo, their 
fpecific gravity being increafed, they fell to the bottom, 
and of courfe pufhed up the warmer part of the fluid, 
which was thus forced to afeend along the axis of the 
tube. Having reached the top of the tube, the parti¬ 

cles gave out part of their caloric, became fpecifically 
heavier, and tumbled in their turn to the bottom. 

As thefe internal motions of fluids can only be dif- 

covered by mixing with them bodies of the fame fpe¬ 
cific gravity with themfelves, and as there is hardly any 
fubftance of the fame fpecific gravity with water which 

is not foluble in it, Count Rumford had recourfe to the 
following ingenious method of afeertaining whether 

that fluid alfo followed the fame law. The fpecific 
gravity of water is increafed confiderably by diffolving 

any fait in it ; be added, therefore, potafs to water till 
its fpecific gravity was exactly equal to that of amber, 
a fubftance but very little heavier than pure vvater. .A 
number of fmall pieces of amber were then mixed with 
this folution, and the whole put into a glafs globe with 
a long neck, which, 011 being heated and expofed to 
cool, exhibited exaddly the fame phenomena with the 
other fluids. A. change of temperature, amounting on¬ 

ly to a very few degrees, was fuffieient to fet the cur¬ 
rents a-flowing; and a motion might at any time be 
produced by applying a hot or a cold body to any part 
of the veffel. When a hot body was applied, that part 
of the fluid neareft it afcended; but it defeended on the 

application of a cold body. # *53 

If caloric pafs through water only by the internal Proofs of 

motion of its particles, as this experiment feems to^^: 
prove, it is evident that every thing which embarraflespowcr o{5 j/.u.x,, .. — - - # 4 j j power of 
thefe motions muft retard its tranfmiflion : and accord-water, 
ingly Count Rumford found this to be the cafe. He 
took a large lintfeed oil thermometer with a copper 

bulb and glafs tube: the bulb was placed exactly in the 
centre of a brafs cylinder, fo that there was a void fpace 
between them all around 0,25175 of an inch thick. 
The thermometer was kept in its place by means of 
four wooden pins projecting from the fides and bottom 

of the cylinder, and by the tube of it paffing through 
the cork Hopper of the cylinder. This cylinder was 
filled with pure water, then held in melting fnow till 
the thermometer fell to 320, and immediately plunged 

into a veffel of boiling water. The thermometer rofe 
from 32° to 200° in 597". It is obvious that all the 
caloric which ferved to raife the thermometer muft have 
made its way through the water in the cylinder. The 
experiment was repeated exactly in the fame manner , 
but the water in the cylinder, which amounted to 227.6 
gr. had 192 gr. of ftarch boiled in it, which rendered it 
much lefs fluid. The thermometer novv took 1109'' to 
rife from 3 2° to 200°. The fame experiment was again 
repeated with the fame quantity of pure water, having 

192 

(f) When tranfparent, it tranfmits caloric. 
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Caloric. 192 gr. of eiderdown mixed with it, which would mere* 

ly tend to embarrafs the motion of the particle^. A 
quantity of hewed apples were alfo in another experi¬ 

ment put into the cylinder. The following Tables ex¬ 

hibit the refult of all thefe experiments. 

Time the Caloric was in pajfing into the Thermometer. 

Tempera¬ 
ture. 

Through 
the Water 
and Starch. 

Thro’ the 
Water and 

Eiderdown. 

Through 
ft e wed 
Apples. 

Through 
pure 

Water. 

Therm, rofe 
from 3 20 to 
2000 in 

Seconds. 

1109 

Seconds. 

949 

Seconds. 

icg6i 

Seconds 

597 

Therm, rofe 
3o°, viz. 

from 8o° to 
1600, in 

341 269 335 172 

Time the Caloric was in faffing out of the Thermometer. 

Tempera¬ 
ture. 

Through 
the Water 
and Starch. 

Thro’ the 
Water and 
Eiderdown. 

Through 
ftewed 
Apples. 

Th rough 
pure 

Water. 

Therm, fell 
from aoo° 
to 40° in 

Seconds. 

I54® 

Seconds. 

1541 

Seconds. 

*749r 

Seconds. 

IO32 

Therm, fell 
8o°, viz. 

from 1600 

to 8o°, in 

468 

h 

460 520 277 

Now neither the ftarch nor the eiderdown could pro¬ 
duce any alteration in the water except impeding its 

internal motions ; confequently whatever impedes thefe 
motions diminifhes the conducing power of water. But 

this could not happen unlefs every individual particle 
actually went from the cylinder to the thermometer. 

Hence it follows that, if liquids be conductors, their 

conducting power is but fmall when compared with 
their carrying power. 

Shewn to . ^ liquids, however, are capable of conducting calo- 
be neon- ric 5 f°r when the fource of heat is applied to their fur- 
clufivc. face, the caloric gradually makes its way downwards, 

and the temperature of every ftratum gradually dimi- 
nifhes from the furface to the bottom of the liquid. 
The in create of temperature in this cafe is not owing 
to the carrying power of the liquid. By that power 

caloric may indeed make its way upwards through li¬ 
quids, but certainly not downwards. Liquids then are 
conduClors of caloric. 

Count Rumford, indeed, has drawn a different con- 
clufion from his experiments. He fixed a cake of ice 

in the bottom of a glafs jar, covered one-fourth inch 
thick with cold water. Over this was poured gently a 
confiderable quantity of boiling water. Now if water 

were a non-conduCtor, no caloric could pafa through 
the cold water, and confequently none of the ice would 
be melted. The melting of the ice, then, was to de¬ 
termine whether water be a conductor or not. In two 

hours about half the ice was melted. This one would 
think, at firft fight, a decifive proof that water is a con¬ 

ductor. But the Count has fallen upon a very ingeni- 
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ou8 method of accounting for the melting of the ice, Caloric, 

without being under the necefiity (as he tells us) of re- v—* 
nouncing his theory that fluids are non-conductors. 

It is well known that the fpecific gravity of water at 
40° is a maximum : if it be either heated above 40°, or 

cooled down below 40°, its denfity diminifhes. There¬ 
fore, whenever a particle of water arrives at the tempe¬ 

rature of 40°, it will fink to the bottom of the veflel. 

Now as the water next the ice was at 32°, it is evident 
that whenever any part of the hot water was cooled 

down to 40°, it would fink, difplace the water at 320, 

come into contact with the ice, and of courfe melt it. 

The Count’s ingenuity, never without refources, ena¬ 
bled him to prove completely, that the ice employed in 
his experiment was actually melted in that manner : for 
when he covered the ice partially with flips of wood, 
that part which was lliaded by the wood was not melt¬ 
ed ; and when he covered the whole of the ice with a 
thin plate of tin, having a circular hole in the middle, 

only the part exactly under the hole was melted. From 
thefe facts it certainly may be concluded that the ice 
was melted by defcending currents of water. 

But the point to be afeertained, is not whether there 
were defcending currents, but whether water be a con¬ 
ductor or not. Now if water be a non-conductor, by 

what means was the hot water cooled down to 400? 
Not at the furface ; for the Count himfelf tells us, that 

there the temperature was never under ic8°: not by 
the Tides of the veflel; for the defcending current in one 

experiment was exactly in the axis : and it follows ir- 
reliftibly, from the experiment with the flips of wood, 
that thefe defcending currents fell equally upon every 
part of the furface of the ice ; which would have been 

impoflible if thefe currents had been cooled by the fide 
of the veflel. The hot water, then, muft have been 

cooled down to 40° by the cold water below it ; con- 
fequently it mute have imparted caloric to this cold wa¬ 

ter. If fo, one particle of water is capable of abforb- 
ing caloric from another; that is, water is a conductor 

of caloric. After the hot water has flood an hour over 
the ice, its temperature was as follows : 

At the furface of the ice 4c0 
One inch above the ice 80 
Two inches - - 118 
Three inches - - 128 
Four inches - - 130 
Seven inches - - 131 

How is it poflible to account for this gradual diminu¬ 
tion of heat as we approach the ice, if water be a non¬ 
conductor ? The water, it may be faid, gives out calo¬ 
ric at its furface, falls down, and arranges itfelf accord¬ 
ing to its fpecific gravity. If fo, how comes it that 

there is only one degree of difference between the tern- ' 
perature at 4 and at 7 inches above the ice \ Thus it 

appears that the Count’s experiment, inftead of demou- 
ftrating that water is a non-conductor, rather favours 
the common opinion that it is a conductor. 

The Count tried whether oil and mercury be con-^2^0 

ductors in the following manner: When water was fro-and^ilTro- 
zen in a glafs jar by means of a freezing mixture, Count ved to be " 
Rumford obferved that the ice firft began to be formed conductors, 
at the Tides, and gradually increafed in thicknefs ; and 
that the water on the axis of the veflel, which retained 

its fluidity Iongeft, being compreffed by the expanflon 

of the ice, was forced upwards, and when completely 

L1 frozen. 

CHEMISTRY. 
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frozen, formed a pointed proje&ion or nipple, which 

J was fometimes half an inch higher than the reft of the 

ice. Upon ice frozen in this manner, he poured olive 
oil, previoufly cooled down to 32°, till it flood at the 
height of three inches above the ice. The vefiel was 
furrounded as high as the ice with a mixture of pounded 
ice and water. A folid cylinder of wrought iron, i^th 

inch in diameter, and 12 inches long, provided with a 
hollow cylindrical {heath of thick paper, was heated to 
the temperature of 2100 in boiling water; and being 
fuddenly introduced into its fheath, was fufpended from 

the ceiling of the room, and very gradually let down 

into the oil, until the middle of the flat furface of the 
hot iron, which was diredly above the point of conical 

proje&ion of the ice, was diftant from it only TVhs of 
an inch. The end of the fheath defcended ^th of an 
inch lower than the end of the hot metallic cylinder. 

Now it is evident, that if olive oil w'as a condudor, ca¬ 

loric would pafs down through it from the iron and 

melt the ice. None of the ice, however, was melted ; 
and when mercury was fubftituted for oil, the refult 

* Rumford,, was juft the fame *; confequently it follows that nei- 
jEJfay vii. ther oil nor mercury is a condudor of heat. 

But this experiment is by no means fufficiently deli¬ 

cate to decide the point. If a thermometer be fubfti¬ 

tuted inftead of the nipple of ice, it always rifes feve- 
ral degrees ; whence it follows that, even in this cafe, 
caloric, paffes downwards; fo that the experiment is 
in fad favourable to the fuppofition that oil and mer¬ 

cury are condudors. 
Count Rumford therefore has not proved that fluids 

are non-condudors of caloric ; and that they are in 
truth condudors, the author of this article afcertained 

in the following manner : The liquid of which the con- 

duding power was to be examined was poured into a 

elais veflel till it filled it about half way ; then a hot 
liquid of lefs fpeciflc gravity was poured over it. Ther- 
mometers were placed at the furface, in the centre, and 

at the bottom of the cold liquid ; if thefe rofe, it fol¬ 
lowed that the liquid was a condudor, becaufe the ca¬ 
loric made its way downwards. For inftance, to exa¬ 
mine the conduding powder of mercury, a glafs jar was 

half filled with that liquid metal, and boiling water then 
poured over it. The thermometer at the furface began 

immediately to rife, then the thermometer at the centre, 

and laftly that at the bottom. The firft rofe to 1180, 

the fecond to 90°, and the third to 86°: the firft reach¬ 
ed its maximum in 1', the fecond in 15', the third in 
25'. The conduding power of water was tried in the 

fame manner with hot oil poured over it ; and the re¬ 

fult was fimilar. 
Fluids, then, as far as experiments have been made, 

are condudors of caloric as well as folids ; and hence 

it follows that caloric is capable of making its way thro’ 
all bodies with which we are acquainted. In this re- 
fped it differs from all other fubftances, even from 

light, which, as far as we know, cannot make its way 

through all bodies. 
Tranfmif The motion of caloric through bodies is indeed of 

fiorTof*ca- two kinds : Through fome it feems to move with the 
loric ra- fame rapidity as through free fpace ; wliilft through 
diant heat. 

*6r 
Tranfnftf- 

STR Y. Part I. 
others, as we have feen, it moves flowly. When it Caloric, 
moves through a body with undiminifhed velocity, it is 1 

faid to be tranfrnitted through it ; and when its velocity 

is prodigioufly diminifhed, it is faid to be conduded. 
Air, and all tranfparent bodies hitherto examined, have 

the property of tranfmitting caloric through them ; 
though fome of them, as glafs, do not tranfmit it till 
after they have combined with a certain proportion of 

it : and probably no body tranfmits it unlefs a greater 
quantity enter than is capable of combining with it in 

the ftate in which the body is placed. The phenomena 
of the trailfmiflion of caloric are exadly fimilar to the 

tranfmiffion of light, and admit of precifely the fame 
explanation. What Scheele and feveral other cliemifts 

have called radiant heat, is nothing elfe than tranfrnitted 

caloric ; as has been completely proved by Dr Her- 
fchel. See Thermometric Spedrum in this Supplement. 

6. If equal quantities of water and of mercury be pla- Specific ca- 
ced at the fame diftance from a fire, the mercury will loric of bo- 

become hot. much fooner than the water. After a fuf.dies, what, 

ficient interval, however, both of them acquire the fame 
temperature. Now caloric flows into all bodies while 

they continue of a lower temperature than thofe around 
them, and it flows with equal rapidity into all bodies 
of the fame conduding powers, as is the cafe with thefe 

two fluids: But if equal quantities of caloric werecon- 
ftantly flowing into the mercury and the water, and yet 
the water took a longer time to become hot than the 
mercury, it muft require a greater quantity of caloric to 

raife water to a given temperature than it does to raife 

mercury. Bodies that require a greater quantity of 
caloric to raife them to a particular temperature than 

other bodies require, are faid to have a greater capacity- 
for caloric. That the capacity for caloric is different 

in different bodies, was firft obferved by Dr Black. 
Dr Irvine afterwards inveftigated the fubjed, and Dr 
Crawford publifhed a great number of experiments on 

it in his Treatife on Heat. Piofeffor Wilcke of Stock¬ 
holm alfo difeovered the fame property of bodies. He 
called the quantity of calorie necefftiry to raife the tem¬ 
perature of fubftances a given number of degrees, their 

fpecific caloric ; a term which we fhall alfo employ, be¬ 
caufe the phrafe capacity for caloric is liable to a great 

deal of ambiguity, and has introduced confufion into 
this fubjed (f). If two fubftances of unequal tempe¬ 

ratures, as water at ioo° and alcohol at 50°, be mixed 
together, the mixture will be of a temperature different 

both from that of the water and the alcohol, the water 
will become colder and the alcohol. hotter : the water 

will give out caloric to the alcohol till both are reduced 
to the fame temperature. Now if it requires juft as 

much caloric to raife alcohol a certain number of de¬ 
grees as it does to raife water the fame number, that is, 
if thefe two fluids are of the fame fpecific caloric, it is 
evident that the temperature of the mixture will be juft 

7 c0 ; for as foon as the water has given out 250 of ca¬ 

loric, the alcohol has acquired 250, confequently both 
will be reduced to the fame temperature, and will re¬ 
main ftationary ; but if the fpecific caloric of the wa¬ 
ter be greater than that of the alcohol, the tempera¬ 

ture of the mixture will be higher than 75°; for 250 
of 

(f) The term fpecific caloric has been ufed in a different fenfe by Seguin* 

which a body contains. 

He ufed it for the whole caloric 
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of caloric in that cafe would raife alcohol more than 
25°. If the fpecific-caloric of water be fo much great¬ 
er than that of alcohol, that what raifes water 20° will 

raife alcohol 30° ; then the temperature after mixture 
will be 8o°, becaufe when the water has given out 20°, 

the alcohol will have rifen 30°, and of courfe both will 
be of the fame temperature. On the contrary, if the 

fpecific caloric of alcohol were greater than that of wa¬ 
ter, the temperature of the mixture would be under 750. 
If the fame quantity of caloric that raifed alcohol 20° 

raifed water 30°, then the temperature of the mixture 

would be 70 Thus the ratios of the fpecific caloric 
of bodies may be difcovered by mixing them together 

at different temperatures. 
The firft fet of experiments on this fubjeft, in point 

of time, were probably thofe of Mr Wilcke. They 
were firft publifhed in the Stockholm Tranfa&ions for 

1781, but had been made long before. The manner in 

which they were conduced is exceedingly ingenious, 
and they furnifii us with the fpecific caloric of many of 
the metals. The metal on which the experiment was 
to be made was firft weighed accurately (generally one 
pound was taken), and then being fufpended by a 
thread, was plunged into a targe veffel of tinplate, filled 
with boiling water, and kept there till it acquired a cer¬ 
tain temperature, which was afcertained by a thermo¬ 
meter. Into another fmall box of tinplate exa&ly as 

much water at 320 was put as equalled the weight of 
the metal. Into this veffel the metal was plunged, and 
fufpended in it fo as not to touch its fides or bottom ; 
and the degree of heat, the moment the metal and wa¬ 

ter were reduced to the fame temperature, was marked 
by a very accurate thermometer. He then calculated 
what the temperature would have been if a quantity of 
water equal in weight to the metal, and of the fame tem¬ 

perature with it, had been added to the ice-cold water 
inftead of the metal. 

Let M be a quantity of water at the temperature C, 
m another quantity at the temperature c, and let their 

common temperature after mixture be x ; according to 

n i . MC-f*Wr 
a rule demonftrated long ago by Richman, ^ a 

In the prefent cafe the quantities of water are equal, 

therefore M and m are each = 1 ; C, the temperature 

r v • u v r MC + mc 
of the ice-cold water =: 32: therefore — 

32+* 

CHEMISTRY. 
ties. Therefore the volume of ice-cold water 1*3 to 
a quantity of hot water equal in volume to the me¬ 

tal, as the fpecific gravity of the metal to that of the 
water. Let M = volume of cold water, m = volume 
of hot water, g — fpecific gravity of the metal, 1 = 

fpecific gravity of water ; then m : M : : 1 : g; hence 

M . f 
m zz — z= (M being made =1) —. Subftituting 

M -f* m 
Now c is the temperature of the metal. 

Therefore if 32 be added to the temperature of the me¬ 
tal, and the whole be divided by 2, the quotient will ex- 
prefs the temperature of the mixture, if an equal weight 
of water with the metal, and of the fame temperature 
with it, had been added to the ice-cold water inftead of 

the metal. 
He then calculated what the temperature of the mix¬ 

ture would have been, if, inftead of the metal, a quantity 

of water of the fame temperature with it, and equal to 
the metal in bulk, had been added to the ice-cold water. 
As the weights of the ice-cold water and the metal are 

equal, their volumes are inverfely as their fpecific gravi- 

g 

this value of m in the formula, 

8 
MC + me 

M + m 
= x, in 

which M zz 1 and C 32» 
8 + 1 

Therefore if the fpecific gravity of the metal be multi¬ 

plied by 32, and the temperature of the metal be add¬ 
ed, and the fum be divided by the fpecific gravity of 
the metal + 1, the quotient will exprefs the tempera¬ 
ture to which the ice-cold water would be raifed by 
adding to it a volume of water equal to that of the me¬ 
tal, and of the fame temperature with it. 

He then calculated how much water at the tempera¬ 

ture of the metal it would take to raife the ice-cold wa¬ 
ter the fame number of degrees which the metal had 
raifed it. Let the temperature to which the metal had 

raifed the ice-cold water be = N, if in the formula 
MC + m c 

x be made = N, M = 1, C == 32, m 

Therefore if from the temperature 

M ft- m ~ 
N — 32 

wall be ~ -ry. 
c — N 

to which the ice-cold water was raifed by the metal 32 

be fubtra&ed, and if from the temperature of the metal 
be fubtra&ed the temperature to which it railed the wa¬ 
ter, and the firft remainder be divided,by the laft, the 

quotient will exprefs the quantity of water of the tempe¬ 
rature of the metal which would have raifed the ice-cold 
water the fame number of degrees that the metal did. 

N — 32 
Now ^ ^ expreffes the fpecific caloric of the me¬ 

tal, that of water being = 1. For ( neglecting the 
fmall difference occafioned by the difference of tempera¬ 

ture) the weight and volume of the ice-cold water are 

to the weight and volume of the hot water as 1 to 

N— 32 
~, and the number of particles of water in each 

are in the fame proportion. But the metal is equal in 
weight to the ice-cold water; it muft therefore contain 
as many particles of matter ; therefore the quantity of 

matter in the metal muft be to that in the hot water as 

I to —-But they give out the fame quantity of 

caloric ; which, being divided equally among their par¬ 
ticles, gives to each particle a quantity of caloric in¬ 
verfely as the bulks of the metal and water ; that is, the 
fpecific caloric of the water is to that of the metal as 1 

N — 32 , , 

to (g)- 

We (hall now give a fpecimen or two of his experi¬ 

ments, and the calculations founded on them, as above 

deferibed. 
L 1 2 Gold 

(g) We have altered all thefe formulas to make them correfpond with Fahrenheit's thermometer. They are a 
good deal fimpler when the experiments are made with Celfius’s thermometer, as Mr Wilcke did. In it the 

freezing point is zero ; and confequently inftead of 32 in the formula, 0 is always fubftituted. 
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Gold. Specific Gravity 19,040. 

Num¬ 
ber of 
experi¬ 
ments. 

Tempe¬ 
rature of 
the me¬ 

tal. 

Tempe¬ 
rature to 
which 
the me¬ 
tal raifed 
the water 
at 32°. 

Temper, to 
which it 

would have 
been raifed 
by a quan¬ 

tity of water 
equal in 

weight and 
heat to the 

metal. 

Tempera- 
. ture to 
which it 

would have 
been raifed 
by water e 
qual in bulk 
and tempe- 

ratureto the 
metal. 

Denomina¬ 
tor of the 
fraftion 

N—3* _JL_ 

N—31 
the numera¬ 
tor being 1. 

1 163,4° 38,3“ 97»7° 38.555° 19,857 

2 *44>5 37»4 88,25 37.58 19>y33 

3 127,4 36.5 79>7 36,68 20,500 

4 0
0

 

36.05 75»2 36,15 20,333 

5 103,1 35.6 65.75 35.42 18,750 

6 95 34.45 63.5 35,26 19,000 

Mean 19,712 

Lead. Specific Gravity 11,456. 

Num¬ 
ber of 
experi- 
merits. 

Tempe¬ 
rature of 
the me¬ 

tal. 

Tempe¬ 
rature to 

which 
the me¬ 

tal raifed 
thewater 
at 3 a0. 

Tempera¬ 
ture to 

which the 
water would 
have been 
raifed by a 
quantity of 
water equal 

in weight 
and heat to 
the metal. 

Tempera¬ 
ture to 

which the 
waterwould 
have been 
raifed by 

water equal 
in bulk and 
temper ature 
to the me¬ 

tal. 

Denomina¬ 
tor of the 
fraction 

1 

c—N 

N—31 

I 186,8 38,3 109,4 44,425 23>57* 

2 181,40 37,85 106,7 43,473 24,538 

3 165,2 37>4 98,6 42,692 23,666 

4 163,4 37>4 97>7 42,548 23»333 

5 136,4 36,5 84,2 40,344 22,200 

6 13l 36,05 

0
0

 39,947 24,700 

7 126,5 36,05 79,25 39,585 22,333 

8 107,6 3 5 >15 69,8 38,339 23,000 

9* 94’ * 34’7 63,05 36,985 22,000 

Mean 23,515 

It is needlcTs to add, that the laft column marks the 

denominator of the fpecific caloric of the metal, the 
numerator being always 1, and the fpecific caloric of 

water being 1. Thus the fpecific caloric of gold is 

---. In exa&ly the fame manner, and by taking 
19,712 

a mean of a number of experiments at different tempe¬ 

ratures, did Mr Wilcke afcertain the fpecific caloric of 

a number of other bodies. He afcertained at the fame 

time, that the fpecific caloric of a body did not vary 
with the temperature, but continued always the fame. 

This will appear evident from the experiments on gold 

and lead above exhibited. 
Next, in point of time, and not inferior in ingenious 

contrivances to enfure accuracy, were the experiments 
of Dr Crawford, made by mixing together bodies of 
different temperatures. Thefe were publifned in his 

Treatife on Heat. 
Several experiments on the fpecific caloric of bodies 

were made alfo bjr Lavoifier and De la Place, which, 
from the well-known accuracy of thefe philofophers, 

cannot but be very valuable. 
Their method was exceedingly Ample and ingenious; 

it was firft fuggefted by De la Place, An inftrument Caloric, 
was contrived, to which Lavoifier gave the name of ca- 

lorimeter. It confifts of three circular veflels nearly in¬ 
ferred into each other, fo as to form three different a- 

partments, one within the other. Thefe three we fhaii 

call the interior, middle, and external cavities. The in¬ 
terior cavity ////(fee fe&ion of the inftrument fig. 4.), 

into which the fubftances fubmitted to experiment are 
put, is compofed of a grating or cage of iron wire, fup- * 

ported by feveral iron bars. Its opening or mouth LM 
is covered by the lid HG, which is compofed of the 

fame materials. The middle cavity bbbb is filled with 
ice. This ice is fupported by the grate m and un¬ 

der the grate is placed a fieve. The external cavity 

a a a a is alfo filled with ice. We have mentioned al¬ 

ready, that no caloric can pafs through ice. It can en¬ 
ter ice, indeed, but it remains in it, and is employed in 

melting it. The quantity of ice melted, then, is a mea- 

fure of the caloric which has entered into the ice. The 
exterior and middle cavities being filled with ice, all the 

water is allowed to drain away, and the temperature of 

the interior cavity to come down to 32°. Then the 
fubftance, the fpecific caloric of which is to be afcer¬ 
tained, is heated a certain number of degrees, fuppofe 
to 2120, and then put into the interior cavity enclofed 
in a thin veflel. As it cools, it melts the ice in the mid¬ 
dle cavity. In proportion as it melts, the water runs 
through the grate and fieve, and falls through the co¬ 
nical funnel ccd and the tube xy into a veffel placed 

below to receive it. The external cavity is filled with 
ice, in order to prevent the external air from approach¬ 

ing the ice in the middle cavity and melting part of it. 
The water produced from it is carried off through the 

pipe ST. The external air ought never to be below 

3 2°, nor above 410. In the firft cafe, the ice in the 
middle cavity might be cooled too low ; in the laft, a 

current of air flows through the machine and carries 

off fome of the caloric. By putting various fubftances 
at the fame temperature into this machine, and obser¬ 
ving how much ice each of them melted in cooling 

down to 320, it was eafy to afcertain the fpecific calo¬ 

ric of each. Thus, if water, in cooling from 212 to 
32, melted one pound of ice, and mercury ,029 of a 
pound ; the fpecific caloric of water was one, and that 

of mercury ,029. This appears by far the fimpleft 
method of making experiments on this fubjeft ; and 

muft alfo be the moft accurate, provided we can be cer¬ 
tain that all the melted fnow flows into the receiver. 
But from an experiment of Mr Wedgewood, one would 

be apt to conclude that this does not happen. He 
found that the melted ice, fo far from flowing out, ac¬ 

tually froze again, and choaked up the paflage. . ^ 
A table of the fpecific caloric of various bodies was And ^r- 

likewife drawn up by Mr Kirwan, and publiihed by Ma-wan. 

gellan in his Treatife on Heat. ^67 
From all thefe fources we have drawn up the follow- Refult of 

ing table, which exhibits at one view the fpecific calo-thefe expe- 

ric of thofe bodies on which experiments have hithertonmcnt8* 

been made. 
We have added to it a column, exprefiing the fpeci¬ 

fic caloric of equal bulks of the fame bodies ; which 
feems to be a more accurate way of confidering thi^ 

fuhjeft, and indeed the only way in which the phrafe 

capacity for caloric is intelligible. This column was 
formed by multiplying the fpecific caloric of equal 

weights of the various fubftances into their refpeaive 
fpecific gravities. 
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Specific Caloric Specific Caloric 
Bodies. Specific of equal of equal Bodies. Specific of equal of equal 

Gravity. Weighs. Volumes. Gravity. Weight, Volumes. 

I. Gases*. III. Solids. 

Hydrogen gas 0,000094 21,4000 0,00214 Ice f ----- 0,9000 

Oxygen gas - - 0,0034 4,7490 0,006411 Ox-hide with the hair* 0,787 

Common air - - 0,00122 1,7900 0,002183 Lungs of a fiieep * 0,769 

Carbonic acid gas 0,00183 1,0459 0,001930 Lean of ox-beef * * 0,7400 

Steam - 1,5500 Rice *---•- 0,5050 

Azotic gas - - 0,00120 0,7036 0,000952 Horfe beans * - < - 0,5020 

II. Liquids. .. 
Duft of the pine tree * 
Peafe *----- 

0,5000 
0,4920 

Water - - - - 1,0000 1,0000 1,0000 Wheat * - - • - 0,4770 

Carbonat of ammoniaf 1,851 Barley * - - - - 0,42 10 

Arterial blood* - 1,030 Oats* - - - - - 0,4160 

Cows milk* - - - 1,0324 0,9999 1,0322 Pitcoal * - - - - 0,2777 

Sulphuret of ammoniaf 0,818 0,9940 0,8130 Charcoal * - - - - 0,2631 

Venous blood* - 0,8928 Chalk* - - - - 0,2564 

Solution of brown fugarf 0,8600 Ruft of iron * - - 0,2500 

Nitric acid£ - - - 0,844 White oxide of antimony 

Sulphat of magnefia 1 
0,844 

wafhed * - 0,2270 

Water 8 if Oxide of copper nearly 

Common fait J 1 
t 0,832 

freed from air* 0,2272 

Water 8j Quicklime (c) - - 0,2199 

Nitre 11 . 
0,8167 

Stoneware f - - - 

Agate** - 
0,19s 

Water 8 j ^ 2,648 0,195 o,S' 7 
Muriat of ammonia 1 " 1 + 

°>779 
Cryftal £ - - - - 3.189 ■ 0,1929 0,6151 

Water 1,5 J + Cinders * - - - - 0,1923 
Tartar i 7 ' 

0,765 
Swedifb glafs** - - 2,386 0,187 0,448 

Water 237,3 3 
Solution of potafs f 

" Afhes of cinders * 0,1885 

- 1,346 °»759 1,2216 Sulphur f - - - - '.99 0,183 0,3680 

Sulphat of iron 1 1 4. Flint glafs f - - - 3.3293 0,174 0,5792 

Water 2,53 ’ T °»734 Ruft of iron nearly freed 
0,1666 Sulphat of foda 1 1 

t 0,728 
from air * - - - 

Water 2,9 J White oxide of antimo¬ 
Oil of olives f - °>9'53 01710 0,6498 ny ditto * - - . 0,1666 

Ammoniaf • - - o,997 0,7080 0,7041 Allies of the elm * 0,1402 

Muriatic acidf - 1,122 0,6800 0,763 Oxide of zinc nearly free 

Sulphuric acid 4 7 x 
Water 5 j + 

0,6631 from air * - - - 0,1369 

Iron (d) - - 7.876 0,1264 o,993 
Alum 1 1 , 

Water 4,453 * 
- 0,649 

Brafs (d) - - - - 
Copper (d) - - - 

8,358 
8,784 

0,1141 
0, I 1 2 I 

0,971 
1,027 

Nitric acid 9f 1 + 
0,6181 

Sheet iron f (- - - 0,1099 

Lime 1 J ^ Oxide of lead and tin * 0,102 

Nitre l-l+ . . 
Water 33 

0,646 
Gun-metal || - - - 
White oxide of tin nearly 

0,1 100 

Alcohol * - 0,^371 0,6021 0,4993 free from air * 0,0990 

Sulphuric acid § 1,840 0,5968 1,120 
0,780 

Zinc (d) - 7,154 0,0981 °>735 
Nitrous acidf 1’355 0,576 Allies of charcoal* 0,0909 

Linfeed oilf - - 0,9403 0,528 0,4964 Silver - 10,001 0,082 °,?33 
Spermaceti oil * 0,5000 Yellow oxide of lead near¬ 

Oil of turpentine f 0,9910 0,472 0,4132 ly freed from air * 
7,38° 

0,0680 

Vinegar f - 0,3870 0,3966 Tin CO. o,c66i 0,444 

Lime 97 + 
0,334*5 

Antimony (d) - - 6,107 0,0637 0,390 
Water 163+ " ' Gold** - - - - 19,040 0,050 0,966 

Mercury - - - 13.568 0,3100 4,123 Lead (<?) - - - 11,456 0,0424 0,487 

Diftilled vinegar f - 0,1030 0,1039 Bifmuth ** - - . 9>86i 0,043 0,427 

7- ^ 

(h) The fpecific caloric of the fubftances marked # was afeertained by Dr Crawford, thofe marked f by Mr 
Kirwan, £ by Lavoifier and La PlaGe, ** by Wilcke, || by Count Rumford. $ Is the mean of Crawford, Kir- 
wan, and Lavoifier; mean of Lavoifier and Kirwan; (c) mean of Crawford and Lavoifier ; (d) mean of; 
Wilcke and Crawford; (e) mean of Wilcke, Crawford, and Kirwan, 

s 
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7. If a quantity of ice, at a low temperature, fup- 

pofe at 2c°, be fufpended in a warm room, it will be¬ 
come gradually lefs cold, as may be difcovered by means 

of a thermometer, till it reaches the temperature of 
22° ; but there it flops. The icc, however, diffolves 
flow ly ; and at the end of feveral hours, when it is all 
juft melted, the thermometer dill {lands at 32°. Af¬ 

ter this it begins to rife, and foon reaches the tempera¬ 
ture of the room. Here the ice continues for feveral 

hours colder than the air around it. Caloric mufl then 
be continually flowing into it ; yet it does not become 
hotter : it is changed, however, into water. Ice, there¬ 
fore, is converted into water by a quantity of caloric, 

uniting with it. This caloric has been called latent ca- 
loric, becaufe its prefence is not indicated by the ther¬ 
mometer. It might, perhaps with more propriety, as 

Profeffor Pi&et obferves*, be called caloric of fluidity; 

^eu' for there are other cafes in which caloric exifts in bo¬ 

dies without railing their temperature. This very im¬ 

portant difeovery was made by Dr Black as early as 

1757, and feems to have led the way to all the fubfe- 
quent difeoveries in this part of chemiftry, which have 

almofl completely changed the appearance of the fcience: 
for the difeovery that caloric may exift in bodies while 
the thermometer cannot indicate its prefence, is one of 

the flrongeft links in the chain of fads by which the 

nature of combuftion was afeertained. 
The caloric which unites with ice, and renders it 

fluid, appears agaim during the ad of freezing. If a 
quantity of water be carried into a room where the 
temperature is below the freezing point, fuppofe at 20°, 

it cools gradually down to 32°; but it becomes no 

colder till it is all frozen, which takes up fome time. 
The moment it is all converted into ice, it begins 

again to cool, and foon reaches the temperature of the 

room. In this cafe, the water is furrounded by a 
cold atmofphere ; it muft therefore be giving out ca¬ 

loric conftantly ; yet it does not become colder till it 

is all frozen, that is to fay, till it has loft, all its ca¬ 

loric offluidity. 
Dr Black proved, by a very accurate experiment, 

that the quantity of caloric of fluidity is fulticient to 

raife the fame quantity of water 140°. 
All folids become fluid by abforbing a quantity of 

caloric. Landriani proved that this is the cafe with 
f Jour, de' fulphur, alum, nitre, and feveral of the metals f ; and 

*hyf' xxvi* it has been found to be the cafe with every fubflance 

hitherto examined. Fluidity, therefore, is owing to a 

union between the folid and a certain quantity of ca¬ 

loric.' 
The late Dr Irvine of Glafgow advanced a theory on 

this fubjed different from that of Dr Black. The fpe¬ 

cific caloric of water being greater than that of ice, it 
requires a greater quantity of caloric to raife it to a 
given temperature than it does to raife ice. The calo¬ 
ric does not therefore become latent; it only feems to 

do.fo from the greater fpecific caloric of water. This 

S T R Y. Parti. 
theory was zealoufly adopted by Dr Crawford. Dr Caloric. 

Black obferved very juftlv, that it did not account for 

the produdion of fluidity at all. The fpecific caloric 
of water is indeed greater than that of ice ; but how is 

the ice convered into water ? This is an objedion 
which the advocates for Dr Irvine’s, or Dr Crawford’s, 

theory (as it has been improperly called) will not eafily 
anfwer. Let us now examine whether this theory ac¬ 

counts for the apparent lofs of caloric. It follows from 
Mr Kirwan’s experiments, that the fpecific caloric of 

water is to that of ice as 10 to 9(1)* -^ack 
proved, that as much caloric entered the ice as would 

have raifed it, had it been water, 140°. Let us fup¬ 
pofe that it would Only have raifed the ice ^ 403; in 
that cafe the melted ice ought to have been of the tem¬ 

perature of 158°, for 10 : 9 : : 140 : 126; but it was 
only 32°: Therefore 126* of caloric have difappear- 
ed, and cannot be accounted for by the change or fpe¬ 

cific caloric. Nor can the accuracy of Dr Black’s ex¬ 
periment be fufpeded : it has been repeated in every 
part of the world, and varied in every pofiible way. 

We cannot doubt, therefore, that caloric unites with 

fuhflances, and caufes them to become fluid, or that 

there is in fad; a caloric of fluidity different from fpecific 

caloric. * . 270 
Water alfo is converted into fleam by uniting with Caloric of 

caloric. Dr Black put an iron veffel, containing fourevaporatioa 

ounces of water at the temperature of 53°, upon a caft- 
iron table which was red hot. The water rofe to the 

boiling point in three minutes ; but it did not after¬ 
wards become any hotter. It evaporated, however, in 

18 minutes; and the fleam was precifely at the tempe¬ 

rature of 2120. During the firfl three minutes, it re¬ 

ceived 159° of caloric, and as much muft have been en¬ 
tering it during every three minutes while the evapo¬ 
ration continued, as the temperature was always much 
lower than that of the table. This caloric, inftead of 
raifing the temperature of the water, was employed in 

converting it into fleam. There is alfo, therefore, a 

quantity of latent caloric in fleam. It might, as Mr 
Pi&et obferves, be called, with propriety, caloric of eva¬ 

poration. This caloric appears again if the fleam be 
condenfed. If it be made to pafs, for inflance, through 

a pipe furrounded with cold water, it is condenfed in 

the pipe, and drops out from it in the form of water. 
The caloric of the fleam enters into the water around 
the pipe, and the quantity of it in degrees may be dif¬ 
covered by the number of degrees which it raifes that 

water. By an experiment of this kind, it was proved, 
that the caloric of evaporation would be fufficient to 
heat water red hot, were it employed only in raifing its 
temperature, inftead of converting it into fleam. It is 

therefore at leail equal to boo0. Mr Watt fhewed af¬ 

terwards that it was 920°. 
Even fpontaneous evaporation, as Dr Black firfl ob¬ 

ferved, is owing to the fame caufe : and this explains 
why bodies cool when water is evaporated from their 

furface ; 

Anti de 

Chm. xi« 
2r7» 

(1) We do not know how this was afeertained : Not by mixing water and ice furely; becaufe that would 

be taking for granted the thing to be proved; becaufe it would give a very different refult; and what .3 ft.ll worie, 

the fpecific caloric in that cafe would differ according to the temperature and the quantity of water. To gwe 
an inflance : Mr Gadolin concludes, from 180 experiments made by mixing hot water and ice, that the ipecihc 

caloric of ice is to that of water only as I to 2 * | and had he varied the quantities and the tempeiatures, i*. 

might have obtained feveral other ratios. 
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Caloric, furface ; a fa& which has been long known,. and which 
—v--' has been employed in warm countries to diminifh the 

temperature of liquids, and even to convert them into 

ice (k). That water is evaporated by uniting with ca¬ 

loric, and not by folution in air, has been proved very 
completely by De Luc in hisTreatife on Meteorology. 

The evaporation of alcohol, ether, and every other 

fubftance on which experiments have been made, has 
been found owing to the fame caufe. Bodies, there¬ 
fore, are converted into vapour by uniting with caloric. 

Realzero ^ caloric, as has been {hewn, exifts in bodies at 
what.Cr * the lowed temperature which we are able to procure, 

and if it exifts in them while the thermometer cannot 
difcover its prefence—is there any method of afcertain- 

ing its abfolute quantity in bodies ? At what degree 
would a thermometer (land (fuppofing the thermome¬ 

ter capable of meafuring fo low) were the body to which 

it is applied totally deprived of caloric ? or what degree 
©f the thermometer correfponds to the real zero ? 

The firft perfon (as far as we know), at lead fmce 
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men began to think accurately on the fubje&, who con- , Caloric. ^ 

ceived the poflibility of determining this queftion, was a?a 

Dr Irvine of Glafgow. He invented a theorem, in or- jrvine’s 

der to afcertain the real zero, which has, we know not theorem to 
for what reafon, been afcribed by feveral writers to Mr difcover it. 

Kirwan. He took it for granted (and the fad is pro¬ 

ved by all the experiments hitherto made) that the fpe- 

cidc caloric of bodies continued the fame in every de¬ 
gree of temperature, as long as they remained in the 

fame date, that is to fay, as long as they continued ei¬ 
ther folid or fluid or in a date of vapour; but that the 

fpecific caloric of the fame body while folid was lefs 
than while fluid, and lefs while fluid than while in a 
date of vapour. He took it for granted, too, that the 
140 degrees of caloric which entered ice during its fo¬ 

lution without raifing its temperature, entered merely 
in confequence of the increafed fpecific caloric of the 
water, and that they were exa&ly proportional to this 
increafed fpecific caloric. He took it for granted, like- 

wife, that the fpecific caloric of bodies was proportional 
to 

(k) Galen informs us, that the ancient Egyptians were accuftomed to put water previoufly boiled Into earthen 

jars, and expofe them all night on the upper part of their houfes to the air. Before funnfe thefe veffels were put 
into the ground, moiftened on the outiide with water, and then furrounded with frelh plants ; by which means the 

water was preferved cool during the whole day. Comment, in lib. vi. Hippoc. de morbis vulgar. 4. 10. p. 396. 

By a fimilar procefs, water, in the Eaft Indies, is converted into ice. 
The following Angular palfage, which has been pointed out to us by the ingenious Dr Barclay, le^urer on 

anatomy in Edinburgh, furnifhes a Unking proof that the ancients were led, by a very different method or 
reafoning, to deduce, from their philofophical theory of the four elements, conclufions concerning the nature of 

heat not very different from thofe of the moderns. # . . . 
<< Sic enim res fe habet, ut omnia, quae alantur et quae crefcant, contineant in fe vim caloris; line qua neque 

ah poffent nec crefcere. Nam omne, quod eft calidum et igneum, cietur et agitur motu fuo : quod autem alitur 

et crefcit, motu quodam utitur certo et aequabili; qui quandiu renianet in nobis, tamdiu fenfus et vita iemanet: 
refrigerato autem et extinfto calore, occidimus ipfi- et exftinguimur. Quod quidem Cleanthes his etiam argu- 
mentis docet, quanta vis infit caloris in omni corpore : negat enim ullum effe cibum tarn gravcm,- quin is no£le 
et die concoquatur ; cujus etiam in reliquiis ineft calor his quas natura refpuerit. Jam vero venae et arteriae mi- 
care non definunt, quafi quodam igneo motu ; animadveriunique fxpe eft, cum cor aiiimantis alicujus cvolfutn ita 

mobiliter palpitaret, ut imitaretur igneam celeritatem* ^ Omne igitur quod vivit, five animal live terra ed.tum, id 
vivit propter inclufum in eo calorem. Ex quo intellegi dcbet, earn caloris naturam, vim habere in fe vitalem per 
omnem mundum pertinentem. Atque id facilius cernemus, toto genere hoc igneo, quod tranat omnia, fubtilius 

explfcato. Omnes igitur partes mundi (tangam autem maxumas) calore fultae fuftinentur. Qiiod^ prunum in 

terrena natura perfpici poteft. Nam et lagidum conflidluatque tritu elici ignem videmus; et leccuti foffione 

-terram fumare calentem ; 

atque etiam ex puteis iugibus aqutim calldam trahi, et id maxume fieri temporibus lnbernis, quod niagna vis ca¬ 
loris, tertse con&.eatur cavernis ;.eaque hieme fit deniior ; ob eamque cauffam, calorem infitum in terns contineat 

3r Loncra eft oratio, multteque rationes, quibus docevi poffit, omnia, qua: terra concipiat, femina, qiixque ipfa ex 

fe penerata llir'pibus inf,xa contineat, ea temperatione caloris et oriri et augefcere. Atque aqua: etiam admixtum 
effe calorem, primum ipfe liquor, turn aqua: declarat effufio : qua nequt: couglaciaret fngonbus, neqqe mve pm.- 
naque concrefceret, nifi eadem fe admixto calore liquefafta et dilapfa d.ffunderet Itaque et aquilombus reliquif- 
que fritroribus durefcit humor : et idem viciffim mollitur tepefaftus et tabefcit calore. Atque etiam mar,a agita¬ 

ta ventis ita tepefcunt, ut intellegi facile poffit, in tantis illis humor,bus eire inclulum calorem. Nec enim die ex- 
ternus et adventicius habendus ell tepor, fed ex intimis man's partibus ag,tat,one exc,talus : quod noftns quoque 
corooribus continget, cum motu atque exercitatione recalefcunt. Ipfe vero acr, qui natura ell maxume frigidus, 
minime ell exners caloris. Ille verb et multo quidem calore adinixtus eft : ipfe enim oritur ex_refp,rat,one aqua- 
rum : earum enim quafi vapor quidam aer habendus eft. Is autem exiftit motu ejus caloris, qq, aquis contmetur. 

Quam fimilitudinem cernere polfumus in bis aquis, qua: effervefcunt fubditis igmbus. . Jam vero rehqua quarta 
^7s mundi, ea et ipfa tota natura fervida eft, et ceteris natuns omnibus falutarem inpertit et vitalem calorem. 
Ex quo concluditur; cum omnes mundi partes fuftineantur calore, mundum etiam ipfum fimih panqqe natura in 

tanta diuturnitate fervari: eoque magis* quod intellegi debet, calidum illud atque igneum 14a m omiu fufum effe - 

natura, ut in eo inftt procreandi vis et cauffa gignendi, a quo et ammantia omnia, et ett quorum ftnpes terra con.- 

tinentur, et nafci fit neceffe et augefcere. Cicero de natura Deerurn, lib. 11. c. $ et 10- 
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Caloric, to their abfolute caloric, or to all the calorie which exlfb- 

ed [n each. 

On thefe data he reafoned in the following manner: 

Let A be a body in a ftate of fluidity ; B the fame bo¬ 
dy in a Hate of folidity. If the fpecific caloric of A and 
of B be known, and if it be known how many degrees 

the caloric, difengaged during the change of B into A, 
would raife the temperature of A, it may be found by 

an eafy procefs how many degrees all the caloric con¬ 
tained in B would raife the temperature of A ; and the 

fum of thefe two numbers will reprefent in degrees the 

whole quantity of caloric in A : for the quantity of 
caloric in A mull be juft equal to the caloric in B, to¬ 

gether with what entered into it in palling from the 

ftate of B to that of A. Let the fpecific caloric of A 

be 6, that of B i ; and let the quantity of caloric dif- 
engaged during the change of A into B be fuflicient to 

raife the temperature of A 500°. If the fpecific calo¬ 

ric be proportional to the abfolute caloric, it muft coa- 

tain exa&ly 6 times as much caloric as B. The 500° 
which entered into A when it changed its ftate, muft 

be juft 5 times as great as all the caloric of B ; becaufe 
when added to the caloric of B, it formed the caloric 
in A, which is juft 6 times as great as the caloric in B. 

Therefore to difcover the caloric in B, we have only to 

divide 500 by 5, or, which is the fame thing, to ftate 

this proportion 6—1 : $oo : : 1 : ico. The caloric in 
B, therefore, in this cafe is juft as much as would raife 

the temperature of A ioo°. Therefore, if to ioo°, the 

caloric of B, he added 500°, = caloric difengaged in the 

paflage of A to B, this will give 6oo°, = to all the ca¬ 
loric in A. Therefore, in all cafes, the difference be¬ 
tween the numbers exprefiing the fpecific caloric of the 

folid and fluid, is to the number exprefiing the fpecific 

caloric of the folid, as the quantity of caloric difengaged 
during the paflage of the fluid into a folid is to the 

quantity of caloric in the fluid. 
Dr Crawford embraced this theorem ; and concluded, 

from a number of experiments made on purpofe to as¬ 

certain the fad, that the real zero was I 268Q below o, 

or 1300° below the freezing point. 
This fuhjed deferves to he confidered with attention. 

If this theorem in fad furnifhes us with the real zero, 

it is one of the mod important difcoveries which has 
ever been made in chemiftry ; but if it proceeds on er¬ 

roneous principles, it will only involve us in endlefs 

mazes of error and abfurdity. 
In the firft place, if the real zero lias any meaning 

at all, it muft Signify the degree to which the thermo¬ 
meter (fuppofing it could be ufed) would fink on being 

applied to a body which contained no heat. It muft 

therefore be a fixed point; and were the theorem 

which we are examining welt founded, experiments upon 

every different fubftance, if conduded with accuracy, 
would lead to the fame refult. Let us fee whether this 

be the cafe. 
From Dr Crawford’s experiments, it follows, as we 

have feeri, that the real zero is 1268° below o. 
Mr Kirwan, from comparing the fpecific caloric of 

water and ice, fixed the real zero at 1048° below o. 
From tlie experiments of Lavoifier and La Place on 

a mixture of water and quicklime, in the proportion of 

9 to 16, it follows, that the real zero is 2736° below o. 
From their experiments on a mixture of 4 parts of 

Sulphuric acid and 3 parts of water, it follows, that the 

real zero is 5803,4° below o. 
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Their experiment* on a mixture of 4 pavts of ful* Caloric, 

phqric acid and 5 of water, place it at 2073,3° below o. 

Their experiments on parts of nitric acid and 1 of 

* See Se¬ 

rf n/u 

ns 
Examined, 

lime, place it at —-below 220 
—0,01783 ° gain, 

Thefe refults differ from one another fo enormoufly,^ chim.y 

and the laft of them, which makes the real zero a ne¬ 

gative quantity, is fo abfurd, that they are alone fuflicient 
to convince us that the data on which they are founded 

are not true. Should it be faid that their difference is 
not owing to any defedt in the theorem, but to inac¬ 

curacies in making the experiments—we anfwer, that 
the theorem itfelf is founded on fimilar experiments; 
and if experiments of this nature, even in the hands of 

the molt accurate chemifts, cannot be freed from fuck 

enormous errors, how can we depend on any confe- 
quences deduced from them ? and where, then, is our 
evidence for the truth of the theorem ? 

But, farther, there is no proof whatever that the 

fpecific caloric of bodies is proportional to their abfo¬ 

lute caloric. The fpecific caloric of iron is greater than 
that of water, or even azotic gas ; yet furely it is very 

improbable that iron contains more abfolute caloric than 
either of thefe fubftances. 

If the fpecific caloric of bodies has any meaning at 

all, it can only be, that the fame quantity of caloric 
raifes the temperature of one body a greater number of 
degrees than it does another. When we fay that the 

fpecific caloric of A is = 6, and that of B = 1, what 
do we mean, unlefs that the quantity of caloric which 

raifes B 6° raifes A only i°, or that what raifes B 6o° 
or 6oo°, raifes A only io° or 100®? When we fay that 

the fpecific caloric of water is 10, and that of ice 9, do 
we not mean, that the quantity of caloric which raifes 

the ice io° or ioo°, raifes water only 9° or 900? Yet 
during the change of ice into water, 140° of caloric en¬ 
ter it without railing its temperature; a quantity greater 

than what can he accounted for by the difference of 

fpecific caloric by 126°. The quantity that difappears, 
therefore, is not proportional to the difference of fpeci¬ 
fic caloric ; and therefore any theory which depends 
on that fuppofition cannot he well founded. When 

water is converted into fleam, 8oo° of caloric difappear, 

yet the fpecific caloric of fleam is to that of water, ac¬ 
cording to Dr Crawford’s own experiments, only as 

155 to 100: fo that no lefs than 283° difappear, which 
cannot he accounted for according to this theory. a 

Dr Irvine’s theorem, therefore, is infufiicient for af-And found 
certaining the real zero ; and hitherto no method hasinfufficient. 

been difeovered which can fotve this problem. 

9. If there he no body without caloric, if it exifts in Caiouc ex- 
different quantities in different bodies, even when their ids ir bo- 

temperatures are the fame, and while the thermometer^lcs 

cannot indicate its prefence—in what ftate does it exift 
in them? We cannot furely fuppofe that it is contained 
by them juft as water is contained by a veffel of wood 
or metal, or that they are filled with it in the fame 
manner that a hollow globe of tinplate perforated with 

holes is filled with water when it is plunged into a 
quantity of that liquid ; or that bodies are filled with 

caloric merely becaufe they are immerfed in an ocean of 
caloric. Were that the cafe, the fpecific and abfolute 

caloric of bodies would always be proportional; and 
they would of necefiity be inverfely as the fpecific gra¬ 
vity of the refpe<ftive bodies ; becaufe the lefs the fpeci¬ 

fic gravity, the more room would be left for the par¬ 
ticles 
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tides of caloric* But this is by no means the cafe: 
the fpecific gravity of iron, for inftance, is greater than 
that of tin, yet the fpecific caloric of iron is more than 
double that of tin : the fpecific gravity of oxygen gas 
is greater than that of common air, yet the fpecific ca¬ 
loric of the firlt of tliefe fubftances is more than three 
times as great as that of the other. There mull be 
fomething, therefore, in bodies themfelves quite diffe¬ 
rent from, and unconnedled with, the vacuities between 
their particles, which dilpofes fome to admit more calo¬ 
ric than others. And what can that be but a difpofi- 
tion in different bodies to unite with a greater or a 
fmaller quantity of caloric, and to retain it with more 
or lefs firmnefs according to their affinity for it ? Dr 
Black pointed out, long ago, by difcovei iug latent heat, 
that caloric unites with bodies ; and this feems to be 
the only real key for unfolding the adlions of this ex¬ 
traordinary fubflance. If caloric be matter, can it be 
deflitute of that property which all other matter pof- 

In aftateoffdfes, we mean attraction? And if it poffeffes attraction, 
chemical muft it not combine with thofe bodies that attract it 
combina- juft as other bodies combine with each other ? Muft 

there not be formed a chemical union between caloric 
and other fubflances, which can only be broken by che¬ 
mical means, by prefenting a third body which has a 
greater affinity either for the caloric or the body to 
which it is united, than they have for each other ? 

Proved to That it unites chemically with fome bodies, at'lead, 
| be the cafe cannot be doubted, as we have (hewn already, that when- 

m liquids, ever a f0lid is converted into a liquid, a quantity of ca- 
vapours, jorjc enters, and remains in it; and that both the folid 

and the caloric lofe their charadleriftic properties. This 
is precifely what takes place in every chemical union. 
All liquids, therefore, confill of folids combined with 
caloric. We have feen, too, that liquids are converted 
into vapours by the very fame procefs. There are there¬ 
fore, at leafl, two very large claffes of bodies, liquids and 
vapours, in which we are certain that caloric exifls in a 

a?8 ftate of chemical combination. 
And gafes; There is another clafs of bodies which refembles va¬ 

pours in almofl all their properties: tliefe are the gafes. 
Dike them, they are invifible and elaflic, and capable 
of indefinite expanfion. Is it not probable, then, that 
the gafes alfo, as well as the vapours, owe their proper¬ 
ties to caloric ? that they alfo confifl of their refpective 
bafes combined with that fubtile fubflance ? This pro¬ 
bability has been reduced to certainty by an experiment 
of Lavoilier. By adding two tubes to the calorimeter 
formerly defcribed, he contrived to make known quan¬ 
tities of air to pafs through the interior cavity, and to 
fupport combuflion. He found, that when a pound 
of oxygen gas was made to combine in this manner 
with phofphorus, as much caloric was difengaged as 

* Lavoifter, melted 87* pounds of ice*. Now every pound of ice 
P-lch. 9. abforbs as much caloric in the act of melting as is fuf- 

ficient to raife a pound of water 140°. Therefore the 
whole caloric difengaged was fufficient to raife a pound 
of water 122500. All this could not have come from 
the phofphorus, becaufe it had been converted into a 
liquid, and muft therefore have abforbed inflead of part¬ 
ed with caloric, and becaufe the quantity of caloric dif- 
^ngaged in all cafes of combuflion is proportional, not 
to the combuflible, but to the oxygen abforbed. Oxy¬ 
gen gas, then, is compofed of oxygen and caloric : and 
if this be the cafe with one gas, why not with all ? 
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We may conclude, therefore, that the gafes, as well 

as liquids and vapours, owe their form to the caloric ' 
which they contain. The only difference between them 
and vapours is, that the latter return to their liquid 
ftate by the mere action of cold ; whereas mofl of the 
gafes refill the lowefl temperature which it has been 
poffible to apply. It was natural to expect, that if ca¬ 
loric combined chemically with bodies, its affinity would 
be different for different fubflances, and that its affinity 
for fome bodies would be fo great that it would not leave 
them to combine with any other. It was natural to ex¬ 
pect this, becaufe it is the cafe with every other fubflance 
with which we are acquainted. The difference, then, 
between the gafes and vapours is not furprifing. The 
affinity of the former for caloric is not only much great¬ 
er than that of the latter, but much greater than that of 
any other fubflances. 

It is owing to this flrong affinity between oxygen, And7?o be 
hydrogen, and azot and caloric, that they cannot bethecaufeof 
obtained except in a gafeous form : and we fhall defcribe thtir gafe- 

feveral other lubflances afterwards exactly in the fameous^orm* 
circumflances. Had we any fubflance poffeffed of a 
greater affinity for caloric than they have, we fhould be 
able, by prefenting it, to deprive them of their gafeous 
form. Doubtlefs there is a difference in the affinity 
between tliefe bodies themfelves and caloric; but as all 
of them are already faturated, this difference cannot be 
difcovered. If we could obtain them uncombined with 
caloric, that is to fay, in a concrete ftate, it would be 
eafy to afcertain this point. Suppofe, for inftance, that 
hydrogen had the ftrongeft affinity for caloric, and that 
we poffeffed it in a concrete ftate—it would be eafy, by 
prefenting it to the other gafes, to deprive their bafes 
of the caloric with which they are united, and thus to 
obtain them alfo uncombined with any other fubflance. 

But though we are acquainted with no fubftance that Why calo 
has a greater affinity for Caloric than the bafes of the ric appeara 
gafes, there are many fubflances which have a greater during 
affinity for thefe bales than caloric has. When any comhuftionJ 

fuch fubflance is prefented, the bafe combines with it, 
and the caloric is left at liberty. Thus, when phofpho¬ 
rus is prefented to oxygen gas, the phofphorus and oxy¬ 
gen unite together, and the caloric flies off. We are 
now, therefore, able to anfwer one of the queftions pro- 
pofed at the end of the fecond chapter, Whence comes 
the caloric which appears during combuflion ? It is fe~ 
parated from the oxygen, which leaves it in order to en¬ 
ter into a new combination. ^ 

The caloric alfo, which fometimes appears when twQ And during 
bodies combine together, is fet at liberty exactly in the many che- 
fame manner. When fulphuric acid and water, for ;n-micaI. com~ 
fiance, are mixed together, a very confiderable heat ;sbmatiom- 
produced; a good deal of caloric, therefore, becomes 
fenfible. In this cafe, the water combines with the 
acid, and at the fame time lets go the caloric with 
which it was formerly combined, and becomes denfer. 
In the fame manner, to give another inftance, when 
water is poured upon quicklime, a very great quantity 
of cajoric becomes manifefl. The water in this cafe 
combines with the quicklime, and affumes a concrete 
form, and of courfe lets go the caloric with which it 
was previoufly united. 

IO. It is no uncommon thing in nature to obferve Why cer- 
two bodies, after combining together, manifefling a tain mix- 

much ftrouger affinity for a third body than either oftures Pro- 
Mm *i™*«ccQld. them 
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them had while feparate. Thus, filver lias no percep¬ 
tible affinity for fulphuric acid, neither has oxygen ; 
but unite them together, and they combine with that 
acid very readily. A great many inflances of the fame 
kind might be produced. Were there fubftances, then, 
which, after combining together, have a greater affinity 

for caloric than any of them had while feparate, this 
ought not to furprife us, becaufe the fame phenomenon 

is often obferved in other bodies. Now this is aftually 
the cafe with regard to caloric. Mix together, for in- 
llance, common fait and fnovv, the mixture inftantly be¬ 
comes liquid, and fo cold, that it finks the thermometer 
down to zero. In this cafe, the fnow and fait united 
have a much ftronger affinity for caloric than either of 
them had while feparate ; they attract it therefore from 
other bodies with which they happen to be in contadt, 

till they have obtained a dofe fufficient for their fatura- 
tion; and thisfaturation they manifeft by becoming liquid. 

It is for this reafon that all falts produce cold during their 
folution in water, when the freezing point of the folution 
formed is below that of water. All fuch folutions have 
a ftrong affinity for caloric; they therefore attract it till 
they arc faturated, which appears by their becoming 
fluid. A number of experiments have been lately made 

in order to procure artificial cold by means of fuch 
combinations. The moft complete fet of experiments 
of that nature with which we are acquainted, is thofe 
of Mr Walker, publifhed in the Philofophical Tranf- 

adtions for 1795. We fhall prefent the retult of his 

experiments in the following Table : 

Table of Freezing Mixtures. 

STRY, 

Mixtures. Thermometer finks. 

Muriat of ammonia 5 parts. 

Nitre - 5 
Water - - 16 

From 50° to io°. 

' Muriat of ammonia 5 

Nitre 5 
Sulphat of foda 8 
Water - - 16 

From 50 to 4. 

'Nitrat of ammonia 1 

Water 1 
From 50 to 4. 

Nitrat of ammonia I 
’ Carbonat of foda 1 
Water - - 1 

From 50 to 7. 

Sulphat of foda 3 
Diluted nitric acid 2 

From 50 to 3. 

Sulphat of foda 6 
Muriat of ammonia 4 
Nitre 2 
Diluted nitric acid 4 

From 50 to 10. 

Sulphat of foda 6 
Nitrat of ammonia 5 
Diluted nitric acid 4 

From 50 to 14. 

Phofphat of foda 9 

Diluted nitric acid 4 
From 50 to 12. 

Mixtures. Thermometer finks. 

Phofphat of foda 9 parts. 

Nitrat of ammonia 6 
Diluted nitric acid 4 

From 50° to 210. 

Sulphat of foda 8 

Muriatic acid - 5 
From 50 to 0. 

Sulphat of foda 5 
Diluted fulphuric acid 4 

From 50 to 3. 

Snow - 1 
Common fait - 1 

From 32 to 0. 

Snow or pounded ice 2 

Common fait - I 
From 0 to —5. 

Snow or pounded ice 1 
Common fait - 5 
Muriat of ammonia and 

Nitre - - 5 

From—5 to —18. 

Snow or pounded ice 12 
Common fait - 5 
Nitrat of ammonia 5 

From —18 to—25. 

Snow and diluted nitric acid From 0 to —46. 

Snow - -2 
Diluted fulphuric acid 1 

Diluted nitric acid 1 

From —10 to — 56. 

Snow - - 1 
Diluted fulphuric acid 1 

From 20 to —60. 

Part L 
Caloric. 

In order to produce thefe effedls, the falts employed 

muft be frefh cryftallized, and newly reduced to a very 
fine powder. The veffels in which the freezing mix¬ 
ture is made fhould be very thin, and juft large enough 
to hold it, and the materials fhould be mixed together 
as quickly as poffible. The materials to be employed 
in order to produce great cold ought to be firft redu¬ 
ced to the temperature marked in the table, by placing 

them in fome of the other freezing mixtures; and then 
they are to be mixed together in a fimilar freezing mix¬ 

ture. If, for inftance, we wifh to produce a cold 
= _ 46, the fnow and diluted nitric acid ought to be 

cooled down to o, by putting the veflel which contains 
each of them into the 12th freezing mixture in the 
above table, before they are mixed together. If a.ftill 
greater cold is required, the materials to produce it are 
to be brought to the proper temperature, by being^pre- 

vioufly placed in the fecond freezing mixture. This 
procefs is to be continued till the required degree of 

cold has been procured *. * Walker, 

11. From the fa£ls already known, we may conclude, Phil. 7ranJ, 

that the particles of caloric have two properties, thati795- 

of repelling each other, and of attra&ing and being ^Su^;ncei 

traded by other fubftances. As there is no body inwhichc0a- 
nature which does not contain caloric, we may fafely tain moft 
conclude, that there is no body in nature which has not caloric, 

an affinity for it. When it unites with bodies, though 
the repulfion of its particles may be overcome by their 

attradion for the particles of the body, and by the at- 
Amn 
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tra&ion of thefe particles for each other—we cannot 
' fuppofe it annihilated : It mult therefore be the more 
powerful the greater the quantity of caloric combined 

in any body is. Probably, then, there is mod caloric 
combined with gafes, lefs with fluids, and lead with fo- 
licls. It does not follow, however, from this, that the 
quantity of caloric combined with any body is propor¬ 
tional to the didance between its particles, becaufe that 
may depend on other caufes. Thus, though hydrogen 
gas is much rarer than oxygen gas, it does not follow 
that hydrogen is combined with more caloric than oxy¬ 
gen, becaufe the rarity may be owing to the fmall- 
cr cohefive force of the particles of hydrogen allow¬ 
ing a fmaller quantity of caloric to produce a greater 

effe&. 
If caloric unites only chemically with bodies, there 

ought to be a certain point of faturation between it and 
the fubdances with which it combines, becaufe this takes 
place in all other chemical combinations. Oxygen gas, 
for indance, confids of a certain quantity of oxygen 
united with caloric. Now if this gas be a chemical 

compound, the two ingredients ought to faturate each 
other in fuch a manner, that no more of either could be 
admitted. But it cannot be denied, that more caloric 
can dill be added to oxygen gas, for its temperature 
may be raifed at pleafure as high as we think proper. 
This, at firA fight, feems to be an infuperable objection 
to the theory, that caloric only combines chemically 
with bodies. It ought to be remembered, however, 
that caloric is not lingular in this refpedf. There are 
other bodies in nature, and bodies too which certainly 
combine with other fubdances only by affinity, which 
exhibit the very fame phenomenon. Water is capable 
of combining with fulphuric acid and many other falts 
almod in any proportion, at lead no limits have hither¬ 
to been obferved. Oxygen, too, combines with almod 
every body in various proportions : We have feen, that 
with almod every metal it forms at lead two diffe¬ 
rent oxides. Why then may not caloric be capable of 
uniting in the fame manner? Allowing, therefore, that 
it were impoffible to explain why bodies are capable of 
combining with caloric after faturation, this could be 
no obje&ion to the theory that it only unites chemical¬ 
ly with bodies, becaufe the fame phenomenon is exhi¬ 
bited by other bodies which it cannot be doubted com¬ 
bine only by means of affinity. 

The manner in which thefe other combinations are 
formed has been already hinted, and {hall be considered 
more fully afterwards; at prefent we fha’l only attempt 
to explain the action of caloric. Let us fuppofe, then, 
that caloric is prefented to oxygen; that they combine 
together in a certain proportion, and faturate each other. 
The produdf of this combination is oxygen gas; a fub- 
Aance poffeffed of properties very different from thofe 
of caloric or oxygen in a concrete date; it is incapable 
of being decompofed by any merely mechanical method, 
and exhibits all the appearances of a Ample fubdance. 
Let ns therefore coniider this compound for a moment 
as a Ample fubdance. May it not dill have an affinity 
for caloric? and will it not, in that cafe, unite with it ? 
Oxygen gas and caloric have an affinity for each other; 
accordingly when prefented to one another they combine 
in a certain proportion, and form a new compound, differ¬ 
ing from oxygen gas, properly fo called, in eladicity, 

fpecific gravity, and feveral other particulars. The af¬ 
finity, however, between oxygen gas and caloric is much 

*36 

CHEMISTRY. 
feebler than that between oxygen and caloric ; for the 
new compound is eafily broken, and the caloric abforbed w 
by many other fubdances. We can even conceive this 
new compound dill to have an affinity for caloric, to 
unite with it, and to form another compound, the affi¬ 
nity between the ingredients of which is dill feebler. 
And in this manner may the indefinite increafe of tern- 
perature be accounted for. 

Subdances may be conceived to be condu&ors of ca-Caufeof 
loric inverfely as their affinity for it. Good condudorsthe diffe- 

may have very little affinity for caloric ; and for that 

reafon it may be eafily forced through them by the re-powerfof 
pulfion of its own particles. But thofe fubdances different 
which have a great affinity for caloric, combine with it bodies, 
the moment it is prefented to them ; and confequently 
it cannot pafs through them. Thus, when it is pre¬ 
fented to ice, the affinity between the two fubdances is 
fo great, that the caloric unites with the very fird par¬ 
ticles of ice which it meets with. The particles behind 
thefe cannot receive any caloric, except by attracting it 
from the particles with which it has already combined. 
But the affinity of one particle of ice for caloric cannot 
be greater than that of another particle of ice: and the 
union of two bodies cannot be broken by a force not 
greater than that which unites them ; therefore the ca¬ 
loric cannot pafs from one particle to another. Confe- 
quently, fuppofing all the particles to keep their places, 
no new caloric could enter. Jud as when a piece of 

marble is put into fulphuric acid, the cruft of fulphat 
of lime which very foon covers it prevents the acid from 
getting to the particles of marble within. But as foon 
as a particle of ice unites with caloric, water, the new 

compound, leaves its Hatton, and allows the caloric a 
paffage to the other particles. 

In the fame manner, when caloric is prefented to wa¬ 
ter, it combines with the outermod dratum of parti¬ 

cles, and.forms with them a compound which cannot 
be decompofed by the other particles of the water, be¬ 
caufe their affinity for caloric is no greater than that 
of the particles already united with it. No more ca¬ 
loric, then, could gain admiffion, were it not that (the 
fpecific gravity of the new compound being inferior to 
that of the uncombined water) it immediately changes 
its place, and allows another dratum of particles to oc¬ 
cupy its room. Thefe unite with caloric, and are dif- 
placed in their turn. And in this manner the procefs 
goes on, till all the particles have combined with calo¬ 
ric ; or, which is the fame thing, till the whole of the 
water is heated. 

But fuppofing the fird dratum of particles to remain M 287 
in their place after their union with caloric, we can^J^, 
conceive an affinity dill to fublid between the new com- fulid*. ^ 
pound, thus formed, and caloric. In that cafe the 
new compound, which we fliall call A, would com¬ 
bine with an additional dofe of caloric, and form a 
fecond compound B, differing in feveral refpe&s from 
the fird. We can conceive alfo the affinity between 
the fird compound A and caloric to be inferior to that 
between water and caloric. In that cafe, the fecond 
dratum of particles of water would feparate the addi¬ 
tional dofe with which the fird dratum had united. In 

this manner would two dratums of particles combine 
with caloric. The fird dratum of particles would com¬ 
bine with another dofe of caloric, and form a fecond 
compound B as before. But this compound could not 
now be decompofed by the fecond dratum of panicles/ 

Mm2 becaufe 
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becaufe they had already united with a dofe of caloric ; 

and therefore their affinity for a new dofe could be no 
greater than that of the firft ftratum of particles. The 

procefs of heating could go on no farther. But we 
can conceive the fecond compound B, into which the 

firft ftratum has entered, ftill to-have an affinity for ca- 
loric, to combine with a dofe of it, and to form with it 
a third compound C. We can conceive, at the fame 

time, the affinity between the fecond compound B and 
caloric to be lefs than that between the firft compound 
A and caloric. In that cafe, the fecond ftratum of par- 
tides would take this laft dofe from the full ftratum, 

and form with it a fecond compound B. The thud 
ftratum of particles, which is ftill uncombmed with ca¬ 

loric, would now attraft this new dofe from the lecond 
ftratum, and combine with it. And, fuppofmg the ca¬ 

loric ftill flowing towards the water, the firft ftratum 
would again form the third compound C, by uniting 

with a frelh dofe : this new dofe would be again at- 
,rafted by the fecond ftratum, and the firft ftratum 
would again form the third compound C, by uniting 

with another dofe of caloric. Thus three ftratum. of 
particles would be combined with caloric; the tutt ttra- 
tum would contain three dofes, the fecond ftratum two, 

and the third one. The procefs of heating would again 
flop ; becaufe now the affinity of the fecond ftratum is 
no greater than that of the firft, nor the affinity of the 
third ftratum greater than that of the fecond, nor that 

of the fourth than that of the thud. But we can con¬ 

ceive an affinity ftill to fubfift between caloric and the 
third compound C, into which the firft ftratum has en- 
tered, and this affinity, at the fame time weaker than 

that between the fecond compound B and caloric. Jn 
that cafe they would combine and form a fourth com- 
pound D. This new dofe would be attra&ed by the 
fecond ftratum of particles, which would combine with 

it and form the third compound C ; the thud ftratum 
would attraft it from the fecond, and form with it the 
fecond compound B ; and the fourth ftratum would at- 

trad it from the third, and enter into the firft com¬ 
pound A. The firft ftratum would again enter into 

the fourth compound D ; which would be again de¬ 
compofed by the fecond ftratum ; and the compound 
formed by the fecond ftratum, by the third ftratum. 

The fourth compound D would be again formed by 
the firft ftratum, and again decompofed by the fecond 
ftratum. It would be formed a third time, and could not 
now be decompofed. Four ftratum. of particles would 

now have combined with caloric : the firft ftratum w. h 
four dofes; the fecond, with three dofes; the thud, with 

two; and the fourth, with one We can conceive th. 
procefs to go on exaftly in the fame manner, till all the 
particles of water have combined with a dofe of caloric. 

In that cafe, the quantity of caloric combined with 
every ftratum of particles would form a regular decrea- 

fin£ feries from that part of the water at which the ca- 
loric enters to that part which is fartheft diftant rom 
it. The procefs of heating would go on very llowly ; 
and the heat of that part of the water which is far¬ 
theft diftant from the fource of caloric could never be 
nearly equal to that of the part which is neareft to that 
fource. This feems in fa& to be the manner in which 
all thofe folids are heated which are bad conductors of 

caloric : in all probability it is the way in which all io- 

lids are heated* 

STRY, Part I. 
That caloric combines with bodies merely by means Caloric* 

of affinity, feems at firft fight contrary to fadl ; for" M 

there is no fubftance whatever which may not be cooled Bodies coo! 
indefinitely merely by furrounding it with other bodies each other 

which are colder than itfelf. Place a piece of hot iron, reciprocal- 

for inftance, in cold water, it is very loon cooled down1?’ 
to the temperature of that liquid. This feems plain 
enough ; the attra&ion of water for caloric is greater 
than that of iron : but reverfe the experiment; put 
hot water within cold iron, and the water is cooled in 
its turn down to the temperature of the iron : fo that 

the iron alfo has a greater affinity for caloric, as well as 

the water; which is abfurd. ^$9 
But it ought to be remembered, that caloric not on-And why, 

ly poffeffes affinity, but that it has another property al¬ 
fo, of which every other fpecies of matter, except per¬ 
haps light, feems to be deftitute, a repuliion between 
its own particles. It is neceffary for all organifed 

bodies, and probably for all bodies, that they fhould 
poffefs a certain quantity of caloric ; and on this ac¬ 
count the greateft care has been taken to fecure its 
equal diftribution. This feems to be one ufe at leaft of 
its repulfive power ; a power which is never deftroyed, 
however clofely caloric is united with other bodies. We 
have ffiewn already, that this power is increafed by di- 
minifhing the quantity of furrounding caloric; and 
when thus increafed to a certain degree, it may at laft 
equal, and even exceed, the affinity between the caloric 
and the bodies to which it is united ; and in that cafe 
part of the caloric would neceffarily fly off. It feems 
to be in this manner that bodies reciprocally cool each 
other, and that they have always a tendency to an equi¬ 
librium of temperature. Thus fteam by cold is con¬ 
verted into water, and water into ice. And the affini¬ 
ty between bodies and that caloric which is employed 
in regulating the temperature feems to be fo weak, that 
the repulfion between the particles of caloric eafily over¬ 
comes it, and reftores the equilibrium. But the affini¬ 
ty between fome fubftances and caloric is fo great, that 
no diminution of temperature has been found fufficient 

to overcome it. This is the cafe, as we have already 

feen, with oxygen gas. # -290 
The fpecific caloric of bodies feems to depend onCaufeof 

two things; their affinity for caloric, and the diftancethe diffe- 

between their particles. For what is temperature but 
the difpofition of a body to part with caloric? Thecalor-C0f 

more caloric a body is difpofed to part with, we call itsbodies. 
temperature the higher ; the lefs it parts with when a 

colder body is applied, its temperature »s faid to be the 
lower. If oxygen gas parts with no caloric to a ther¬ 
mometer which (lands at —io°, we fay its temperature 
is_10 ; yet we know that even then it contains, in all 
probability, much more caloric than the mercury in the 
thermometer does. Now the ftronger the affinity be¬ 
tween any fubftance and caloric, the greater quantity 
of caloric will be required before the repulfion between 
its particles is fufficient to overcome this attra&ion ; 
confequently the more caloric is neceffary to raife it a 
given number of degrees. And the farther diftant the 
particles of bodies are, the farther from one another 
muft the particles of caloric be to which they are united; 
and confequently the weaker muft be the repulfion be¬ 

tween them. 
We cannot deny how new this theory of the adlion 

oF caloric will appear to thofe who have been accuftom- 
ed 
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ed to look upon Dr Crawford’s opinions on this fubjeft 
as fully proved ; nor do we pretend that it can be re¬ 
conciled with tliefe opinions. But this, we hope, is 
no proof of its falfehood. We think it can be fairly 
deduced from Dr Black’s do&rfne of latent heat: we 
know, too, that Bergman believed caloric capable of 
combining chemically with bodies: and Morveau has 
not only embraced the fame opinion, but feems to af¬ 

firm, that all the combinations into which caloric en¬ 
ters are chemical *. And were this queftion to be de¬ 
cided by authority, we appeal to all the world, whether 
other three men could be produced to whofe decifions 
one would more willingly fubmit (1). We do not, how¬ 

ever, mean to reft its evidence on authority ; let it be 
compared with fadts, and put to the tefl of experiment; 
and by its correfpondence with thefe let it Hand or fall. 

12. Caloric both haftens the,folution of falts in wa¬ 
ter, and increafes the folvent power of the water ; for 
water diffolves a much greater quantity of almoft every 
fait when hot than when cold. The reafon that calo- 

^wer oflU r*c Pr0^uces t^efe effe&s is obvious from thofe proper- 
?^e_r° ties of it which have been deferibed. It haftens folu- 

tion by putting the particles of the fluid in motion, and 
thus bringing all of them in their turn into contact with 
the fait: for only thofe particles can adt as folvents 
which are in contact with the fait. It increafes the fol¬ 
vent power of the fluid by combining with it, and form¬ 
ing a compound which has a greater affinity for the fait, 
and which therefore diffolves more of it than the fluid 
alone would have done. This new compound is de- 
ftroyed by cooling ; and then the additional dofe of the 
fait which had been diffolved is precipitated. 

13, We fhould come now to the confideration of the 
two remainingqueftions propofed at the end of the fecond 
chapter, Why do bodies combine with oxygen at one 
temperature and not at another ? And why is caloric 
neceffary to produce this union ? But as the difficulty 
of thefe queltions is not inferior to their importance, 
we fhall delay any attempt to anfwer them till we come 
to treat of affinity. 

Methods of j4. It now only remains to confiderthe methods by 
obtaining caloric may be obtained in a fenlible llate. Thefe 

methods may be reduced to four ; combuftion, percuf- 
fion, fri&iori, and light: the laft of which fhall be con- 

fidered afterwards. 
We have feen already, that the combuftion of Jimple 

combujlibles and metals is merely their combination with 
oxygen, during which the oxygen parts with the calo¬ 
ric with which it was formerly united. Now the very 
fame thing takes place in other combuftions. The com- 
buftible unites with oxygen, which at the fame time 
gives out its caloric. The change then which the 
combuftible body fuffers is not owing to the adtion of 
caloric on it, but to its combining with oxygen. The 
very fame change can be brought about without any of 
the ufual phenomena which attend combuftion, fimply 
by prefenting the oxygen combined with fome other 
body inftead of caloric. Nitric acid, for inftance, is 
a body which contains in it a good deal of oxygen : 
If phofphorus be mixed with this acid, it attra&s part 
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of the oxygen, and, without any of the ufual phenome- ^ Caloric. ^ 

na which attend combuftion, is converted into phofpho- 
ric acid. Stridlly fpeaking, then, combuftion is nothing 
elfe but the combination of oxygen with the burning 
body, and the term might therefore be ufed in every cafe 
where fuch an union takes place *, and in this fenfe indeed 294 
it is now employed by feveral writers. But the term Whether it 

combujlion is in common language confined to thofe cafes 
where the oxygen was previoufly combined with calo-ox^e-n {s 
ric, and where a quantity of heat and light become fen-n0t prefent. 
lible ; and perhaps it would be better, in order to pre¬ 
vent ambiguity, never to employ it in any other fenfe. 
We are not yet abfolutely certain that caloric and light 
may not become fenfible in other combinations befides 
thofe into which oxygen enters. There are other fub- 

ftances befides oxygen capable of combining with calo¬ 
ric ; for inftance, hydrogen and azot : and unlefs their 
affinity for caloric be greater than for any other fub- 
llance, they may be capable of combining with other 
fubftances, and feparating from caloric, at leall the im- 
poffibility of this has never yet been demonftrated. It 
is improper, therefore, to appropriate the word combaj- 

tion to the combinations of oxygen, till it can be (hewn 
that the phenomena ufually denoted by that name are 
never owing to any other caufe. There is even one 
cafe in which thefe phenomena prefent themfelves, in 
which we are next to certain that oxygen has no (hare. 
There is an affinity between fulphur and iron, and a 
high temperature promotes their union. When thefe 
fubftances are mixed together, and heated till they juft 
begin to appear red hot, they combine together, and 
at the fame time, as the Dutch chemifts firft obferved, 
a good deal of caloric and light is evolved. The very 
fame phenomena appear in a vacuum, or in any kind 
of air whatever. The explanation of them is very 
fimple and obvious. The fulphur or the iron, or per¬ 
haps both, had previoufly been combined with a quan¬ 
tity of caloric; and when they united together, this ca¬ 

loric of courfe feparated from them. . 195 

The theory of combuftion adopted by the earlier Stahl’s the- 

chemifts was very different from the preceding. Stahl,^uRioi^by1” 
as has been already explained, confidered combuftion the cxtrica- 
in every inftance as owing to the feparation of phlogif-tionofphlo- 
ton ; and this opinion foon became univerfal. He con-gifton. 

fidered phlogifton as the fame thing with the element 
of fire ; which was capable both of becoming fixed in 
bodies, and of exifting in a Hate of liberty.. Two of 
its properties in this laft ftate were heat and light. The 
heat and the light, then, which became fenfible during 
combuftion, were nothing elfe, according to Stahl, but 
two properties of phlogifton or’ the element of fire. lp6 
Macquer, to whofe illuftrious labours feveral of the moft Improved 

important branches of chemiftry owe their exiftence,bY Ma<> 
wa«, we believe, the firft perfon who perceived a ftri-cluer, 
king defe£t in this theory of Stahl. Sir Ifaac Newton 
had proved that light is a body ; it was abfurd, there¬ 
fore, to make it a mere property of phlogifton or the 
element of fire. Macquer accordingly confidered phlo¬ 

gifton as nothing elfe but light fixed in bodies. This 
opinion was embraced by a great number of the moft 

diftin- 

(1) The fame opinion has been embraced by Seguin, Pi&et, Gadolin, and feveral other philofophers. We 
did not mention them, becaufe the theory given above differs in a few particulars from theirs.. But we have de¬ 

rived much inftruaion from their ingenious writings; and many of the fads which we have given were obtained 

from them. 
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diflinguifhed chemifts; and many ingenious arguments 
were brought forward to prove its truth. But if phlo- 
gifton be only light fixed in bodies, whence comes the 

heat that manifefts itfelf during combuftion ? Is this 
heat merely a property of light ? Dr Black proved 
that heat is capable of combining with, or becoming 
fixed in bodies which are not combuftible, as in ice 
and water; and concluded of courfe, that it is not a 
property but a body. From that time heat or caloric 
was confidered by the greateft number of chemifts as a 
diftinft fubftance from phlogifton. 

Soon after this, a phenomenon, which had been ob- 
ferved from the earlieft ages, and which probably, for 
that very reafon, had been negledled, began to be at¬ 

tended to ; that combuftibles would not burn except in 
contaft with air. Dr Prieftley obferved, that the air in 
which combuftibles had been ftiffered to burn till they 
were extinguifhed, had undergone a very remarkable 
change ; for no combuftible would afterwards burn in 

it, and no annimal could breathe it without fufto- 
cation (it). He concluded, as Dr Rutherford had done 
before him, that this change was owing to phlogif¬ 
ton ; that the air had combined with that fubftance; 
and that air was neceffary to combuftion, by at- 
trafting the phlogifton, for which it had a ftrong af¬ 
finity. If fo, phlogifton could not be light any more 
than caloric ,* for if it feparated from the combuftible 
merely by combining with air, it could not furely dif- 
play itfelf in the form of light. The queftion then re¬ 
curred with double force, What is phlogifton ? Dr 

Crawford, of whofe ingenious experiments on the fpe- 
cilie caloric of bodies we have already given ail account, 
without attempting to anfwer this queftion, made a con- 
fiderable improvement in the theory of combuftion, by 
fuppofing that the phlogifton of the combuftible com¬ 
bined with the air, and at the fame time feparated the 
caloric and light with which that fluid had been previ- 
oufly united. The heat and the light, then, which 
appeared during combuftion, exifted previoufly in the 
air. This theory was very different from Stahl's, and 
certainly a great deal more fatisfaftory. But ftill 
the queftion, What is phlogifton ? remained to be an- 
fwered. Mr Kirwan, who had already raifed himfelf 
to the firft rank among chemical philofophers by many 
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important difeoveries, and many ingenious inveftiga- Caloric, 
tions of fome of the molt difficult parts of chemiftry, 
attempted to anfwer this queftion, and to prove that 
phlogifton was the fame with hydrogen *. The fub-* hi his 

jtdl was now brought to a ftate capable of the moft on 

complete decifion. Does hydrogen a&ually exift in all * 

combuftible fubftances ? and is it feparated from them Refuted, 
during every combuftion ? The French chemifts who 
anfwered his treatife, fliewed that this is by no means 
the cafe ; and that therefore there was no proof what¬ 
ever of the identity of phlogifton and hydrogen. And 
Mr Kirwan in confequence, with that candour which 

diftinguifhes fuperior minds, gave up his opinion as un¬ 
tenable. 301 

Mr Lavoifier had already put the queftion, What^**^”0^ 

proof is there of the exiftence of phlogifton at all • ton^difpro- 
There is only this Angle proof, that fubftances after ved. 
combuftion are different from what they formerly were. 
That this difference takes place is certainly true ; but 
it is owing, not to the feparation of any fubftance, but 
to the combination of one. It follows, therefore, that 
there is no proof whatever of the exiftence of any fuch 
fubftance as phlogifton in nature ; and of courfe we muft 
conclude that no fuch fubftance exifts (l). 

15. It is well known that heat is produced by theProdu<SHoii 

percuffion of hard bodies againft each other. When a£ percuf- 
piece of iron is fmartly and quickly ftruck with a ham-{jonj 
mer, it becomes red hot; and the production of fparks 
by the coilifion of flint and fteel is too familiar a fa<ft to 
require being mentioned. No heat, however, has ever 
been obferved to follow the percuffion of liquids, nor of 
foft bodies which eafily yield to the ftroke. ^ 

It has long been known, that hammering increafesOwing 

the denfity of metals. The fpecific gravity of iron be-P^ty*0 
fore hammering is 7,788; after being hammered, 7,840: 
that of platinum before hammering is 19,50; after it, * 
23,00. Now condenfation diminifhes the fpecific calo¬ 
ric of bodies. Alter one of the clay pieces ufed in 
Wedgewood’s thermometer has been heated to 120°, it 
is reduced to one half of its former bulk, though it has 
loft only two grains of its weight, and its fpecific calo¬ 
ric is at the fame time diminiftied one third f. But*7*^^ 

we cannot conceive the fpecific caloric of a body to be TVa«/I * * 
diminiftied without its giving out at the fame timea1^yZ/ 

quantity 

(k.) Thefe very .obfe rvat ions had been made almoft a century before by Mayow ; but chemiftry was then in 
its infancy ; little attention was paid to them, and they had been forgotten. 

(l) Mr Lavoifier was therefore the author of what is called the antiphlogijlic theory in chemiftry, or the theory 
which accounts for the phenomena of chemiftry without the affiftance of phlogifton. It has been fo called in 
oppofition to the theory of Stahl-, which explained every thing by means of phlogifton, and which is therefore 

called the phlngijHc theory. 
Some chemifts have affe&ed to omit Lavoifier’s name altogether, when they fpoke of the antiphlogiftic theory. 

According to them, that theory was founded upon the experiments and difeoveries of other chemifts, and Lavoi¬ 

fier had no other merit but that of bringing it into public notice. 
That Mr Lavoifier, virtually at leaft, claimed feveral of the difeoveries of others, we are forry to be under the 

neceffity of acknowledging ; and that many of the experiments, brought forward to difprove the exiftence of 
phlogifton, were .firft made by others, is known to all the world : but it is equally evident, that the firft perfon 
who a&iially formed the theory was Lavoifier ; and furely tire merit lies in that. It is not thofe who collet 
the ftones, and the timber, and the mortar, but he who lays the plan, and (hews how to put the materials toge¬ 
ther, .that is in reality the builder of the houfe. Who did not know, as well as Newton, that a ftone fell to the 
ground, and that the planets revolved round the fun ? and yet, who but Newton could have formed the theory 
of gravitation ? We would not be underftood to detra& any thing from the merit of the other illuftrious philofo¬ 
phers who have adorned the prefent age, many of whom are at leaft equal, and fome of them fuperior to Lavoi¬ 
fier: But we are afraid that envy, or fome worfe motive, guided the pen of one at leaft of the moft acfive and vi¬ 

rulent antagonifts of that illuftrious and unfortunate philofopher. It muft not, however, be concealed, that his 

theory of combuftion is incomplete. See Combustion in this Supplement. 
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Caloric, quantity of caloric ; and we know for certain that ca- 
—v——loric is evolved dvring condenfation. A thermometer 

placed within a condenfer rifes feveral degrees every 

* Darwin, time air is thrown in *. We can even fee a reafon for 
JPhil. Tran/, this. When the particles of a body are forced nearer 
178S. each other, the repulfive power of the caloric combined 

with them is increafed, 3nd confequently a part of it 
will be apt to fly off. Now, after a bar of iron has 
been heated by the hammer, it is much harder and brit- 
tler than before. It inuft then have become denfer, 
and confequently mull have parted with caloric. It is 
an additional confirmation of this, that the fame bar 
cannot be heated a fecond time by percuflion until it has 
been expofed for fome time to a red heat. It is too 
brittle, and flies to pieces under the hammer. Now 
brittlenefs feems in moil cafes owing to the abfence of 
the ufual quantity of caloric. Giafs unannealed, or, which 
is the fame thing, that has been cooled very quickly, is 
always extremely brittle. When giafs is in a ilate of 
fufion, there is a vail quantity of caloric accumulated in 
it, the repulfion between the particles of which mull of 
courfe be very great ; fo great indeed, that they would 
be difpofed to fly off in every dire&ion with inconcei¬ 
vable velocity, were they not confined by an unufually 
great quantity of caloric in the furrounding bodies .* 
confequently if this furrounding caloric be removed, the 
caloric of the giafs flies off at once, and more caloric will 
leave the giafs than othervvife would leave it, becaufe 
the velocity of the particles mull be greatly increafed. 
Probably then the brittlenefs of giafs is owing to the 
deficiency of caloric; and we can fcarcely doubt that 
the brittlenefs of iron is owing to the fame caufe, if we 
recolledl that it is removed by the application of new 
caloric. Part therefore of the caloric which appears in 
confequence of percuflion feems to proceed from the 
body flruck ; and this is doubtlefs the reafon why thofe 
bodies, the denfity of which is not increafed by percuf- 
fion, as liquids and foft fubflances, are not heated at 
all. 

And°pardy ^aY Part t^ie caloric, becaufe, often at lead, 
txi combuf- part of it is probably owing to another caufe. By con- 
tion. denfation, as much caloric is evolved as is fufficient to 

raife the temperature of fome of the particles of the 
body high enough to enable it to combine with the 
oxygen of the atmofphere. The combination actually 
takes place, and a great quantity of additional caloric is 
feparated by the decompofition of the gas. That this 
happens during the collifion of flint and fleel cannot be 
doubted ; for the fparks produced are merely fmall 
pieces of iron heated red hot by uniting with oxygen 
during their paffage through the air, as any one may 

279' 
convince himfelf by a6lually examining them. Mr Lane Caloric, 

has fhewn that iron produces no fparks in the vacuum J 
of an air-pump; but Mr Kirwan has obferved that they 
are produced under common fpring water; and we know 
that iron at a certain temperature is capable of decom- 
pofing water. 305 

When quartz, rock-cryflal (m), or other very hard Sparks e- 

flones, are flruck againfl one another they emit fparks. niltte<l l3/ 

If they be often made to emit fparks above a fheet of^one^on 
white paper, there are found upon it a number of fmallelifion. 
black bodies, not very unlike the eggs of flies. Thefe 
bodies are hard but friable, and when rubbed on the 
paper leave a black flain. When viewed with a mi- 
crofeope, they feem to have been melted. Muriatic 
acid changes their colour to a green, as it does that of 
lavas *. Thefe fubflances evidently produced the fparks * Lamanon 

by being heated red hot. Lamanon (n) fuppofes that Jwrn. de 
they are particles of quartz combined with oxygen, I7^3» 
Were that the cafe, the phenomenon would be pre- 
cifely fnnilar to that which is produced by the collifion 
of flint and fleel. That they are particles of quartz 
cannot be doubted; but to fuppofe them combined with 
oxygen is contrary to all experience : for thefe flones 
never fhew any difpoiition to combine with oxygen even 

when expofed to the mod violent heat. La Metherie 
made experiments on purpofe to fee whether Lamanon’s 
opinion was well founded; but they all turned out unfa¬ 
vourable to it. And Monge afeertained, that the par- 
tides deferibed by Lamanon were pure cryflal unalter¬ 
ed, with a quantity of black powder adhering to the*m; 306 ' 
He concludes accordingly, that thefe fragments had ^uie of 

been raifed to fo high a temperature during their paf-Known* 
fage through the air, that they fet fire to all the mi¬ 
nute bodies that came in their way f. We mull there-1 

fore either fuppofe that all the caloric was produced by ^^”*xv*' 
mere condenfation, which is not probable, or acknow¬ 
ledge that we cannot explain the phenomenon. ^ 

16. Caloric is not only produced by percuflion, but Eniiflion 
alfo by fridlion. Fires are often kindled by rubbing of caloric 

pieces of dry wood fmartly againft one another. It ison h'idlion, 

well known that heavy loaded carts fometunes take fire 
by the fridlion between the axle-tree and the wheel. 

Now in what manner is the caloric evolved or accurnu-Not owing 
lated by fri&ion ? Not by increafiug the denfity of theto conden- 
bodies rubbed againfl each other, as happens in cafes of^at*on* 
percuflion ; for heat is produced by rubbing foft bodies 
againfl each other, the denfity of which therefore can¬ 
not be increafed by that means, as any one may con¬ 
vince himfelf by rubbing his hand fmartly againfl his 
coat. It is true, indeed, that heat is not produced by 
the fridlion of liquids, but then they are too yielding 

to 
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(m) Thefe flones are compofed of almoft pure filica. 

(n) This ingenious and unfortunate young man, to whom we are indebted for thefe fadls, fell a vi&im to his 
ardour for knowledge. He accompanied La Peroufe-in his lad voyage, and was murdered with the mofl favage ' 
cruelty, together with La Langle and feveral others, by the natives of the ifland of Maouna. When a man of 

genius, anxious to acquire honeft fame, and a man too-fo nobly difinterefled as Lamanon, thus falls prematurely 
before he has attained the objedl of his wifhes, 

“ Cut off from nature’s and from glory’s courfe ! 
“ Which never mortal was fo fond to run,” 

who can withhold the tribute of regret and admiration, when they 

-“ Conjedlure what he might have proved, 

“ And think life only wanting to his fame.” 
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Caloric, to be fubje&ed to flrong fri&ion. It is not owing to 

-V- the fpecific caloric of the rubbed bodies decreafing; for 
Nor°to de- Count Rumford found that there was no fenfible de¬ 
er eafc°ol * creafe *, nor, if there were a decreafe, would it be fuf- 
fpecific ca- ficient to account for the vail quantity of heat which is 
Joric, fometimes produced by friction. 
* MM- Count Rumford took a cannon call folid and rough 

fon I Journ. ^ ^ came from the foundery ; he caufed its extremity 

to be cut off, and formed, in that part, a folid cy¬ 
linder attached to the cannon 7^ inches in diameter 
and inches long. It remained joined to the reft 
of the metal by a fmall cylindrical neck. In this cy¬ 
linder a hole was bored 3,7 inches in diameter and 7,2 
inches in length. Into this hole was put a blunt fteel 
borer, which by means of horfes was made to rub again ft 
its bottom ; at the fame time a fmall hole was made in 
the cylinder perpendicular to the bore, and ending in 
the folid part a little beyond the end of the bore. This 
was for introducing a thermometer to meafure the heat 
of the cylinder. The cylinder was wrapt round with 
flannel to keep in the heat. The borer preffed againft 
the bottom of the hole with a force equal to about 
10,000 lb. avoirdupois, and the cylinder was turned 
round at the rate of 32 times in a minute. At the be¬ 
ginning of the experiment the temperature of the cy¬ 
linder was 6o° ; at tue end of 30 minutes, when it had 
made 960 revolutions, its temperature was 130°. . The 
quantity of metallic duff or feales produced by this fric¬ 
tion amounted to 837 grains. Now, if we were to 
fuppofe that all the caloric was evolved from thefe 
feales, as they amounted to juft part of the cylin¬ 
der, they mult have given out 948° to raife the cylinder 
1°, and confequently 66360° to raife it 7O0 or to 130s 
which is certainly incredible f. 

Neither is the caloric evolved during fridlion owing to 
the combination of oxygen with the bodies tliemfelves or 
any part of them. By means of a piece of clock-work, 
Mr PiClet made fmall cups (fixed on the axis of one of 
the wheels) to move round with confiderable rapidity, 
and he made various fubftances rub againft the outfides 
of thefe cups, while the bulb of a very delicate thermome¬ 
ter placed within them marked the heat produced. The 
whole machine was of a fize fufliciently fmall to be in¬ 
troduced into the receiver of an air-pump. By means 
of this machine a piece of adamantine fpar was made 
to rub againft a fteel cup in air : fparks were produced 
in great abundance during the whole time, but the ther¬ 
mometer did not rife. The fame experiment was re¬ 
peated in the exhaufted receiver of an air-pump (the ma¬ 
nometer {landing at four lines); no fparks were produ¬ 
ced, but a kind of phofphoric light was vifible m the 
dark. The thermometer did not rife. A piece of brafs 
being made to rub in the fame manner againft a much 
fmaller brafs cup in air, the thermometer (which almoft 

% filled the cup) rofe 0,3°, but did not begin to rife till the 
fridlion was over. This fhews us that the motion produ¬ 
ced in the air carried off the caloric as it was evolved. In 
the exhaufted receiver it began to rife the moment the 
fri&ion began, and rofe in all i,2°. When a bit of wood 
was made to rub againft the brafs cup jn the air, the 
thermometer rofe 0,7°, and on fubftituting alfo a wood¬ 
en cup it rofe 2,i°, and in the exhaufted receiver 2,4°, 

mpMeifur and in air condenfed to 1 * atmofpheres it rofe 0,5°*. 
h Ftv, ch.9. If thefe experiments be not thought conclufive, we 

have others to relate, which will not leave a doubt that 
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the heat produced by friClion is not connefled with the Caloric, 

con- 

f Ibid. 
310 

Nor to 
combuf. 
*ior>; 

decompofition of oxygen gas, Covnt Rumford 
trived, with his ufual ingenuity, to enclofe the cylinder 
above deferibed in a wooden box filled with water, which 
effe&ually excluded all air, as the cylinder itfelf and the * 
borer were furrounded with water, and at the fame time 
did not impede the motion of the inftrument. The 
quantity of water amounted to 18,77 lbs, avoirdupois, 
and at the beginning of the experiment was at the tem¬ 
perature of to°. After the cylinder had revolved for 
an hour at the rate of 32 times in a minute, the tempe¬ 
rature of the water was 107°; in 30 minutes more it 
was 178° ; and in 2 hours and 30 minutes after the ex¬ 
periment began, the water actually boiled. According 
to the computation of Count Rumford, the caloric pro¬ 
duced would have been fufficient to heat 26,58 lbs; 
avoirdupois of ice-cold water boiling hot ; and it would 
have Required 9 wax candles of a moderate fize, burning 
with a clear flame all the time the experiment lafted, to 
have produced as much heat. In this experiment all ac- 
cefs of water into the hole in the cylinder where the 
friCtion took place was prevented. But in another ex¬ 
periment, the refult of which was precifely the fame, the 
water was allowed free accefs *. * Nicldfa1, 

The caloric, then, which appears in confequence of ibid. 
fridlion, is neither produced by an increafe of the den- 
fity, nor by an alteration in the fpecific caloric of the ^uentiy at 
fubftances expofed to fri&ion, nor is it owing to the de-prefent in- 
compofition of the oxygen of the atmofphere.—Whence explicable, 
then is it derived ? This queftion we are altogether un¬ 
able to anfwer. We cannot, however, think that the con- 
clufion which Count Rumford is difpofed to draw from 
his experiments is warranted by the premifes. He fup-This no 
pofes, that becaufe we cannot explain the manner that proof that 
caloric is accumulated by fri&ion, there is no fuch fub-caloric :u 
ftance as caloric at all, but that it is merely a peculiarnot a 
kind of motion. We would beg leave to afk, liow the 
fafts mentioned in the former part of this chapter, ma¬ 
ny of which were furnifhed by this ingenious philofo- 
pher himfelf, and all of which combine to render the 
exiftence of caloric as a fubftance probable, can be de- 
ftroyed and fet atide, merely becaufe there are other phe¬ 
nomena in nature connected with caloric which cannot 
be accounted for ? Were it pofiible to prove that the 
accumulation of caloric by fri&ion is incompatible with 
its being a fubftance, in that cafe Count Rumford’s 
conclufion would be a fair one ; but this furely has not 
been done. We are certainly not yet fufliciently ac¬ 
quainted with the laws pf the motion of caloric (allow¬ 
ing it to be a fubftance) to be able to affirm with cer¬ 
tainty that fridlion could not caufe it to accumulate in 
the bodies rubbed. This we know at leaft to be the 
cafe with electricity. Nobody has been hitherto able 
to demonftrate, in what manner it is accumulated by 
friClion ; and yet this lias not been thought a fufficient 
reafon to deny its exiftence. 313 

Indeed there feems to be a very clofe analogy between Analogy 
caloric and ele&ric matter. Both of them tend to diffufe 
themfelves equally, both of them dilate bodies, both 
them fufe metals, and both of them kindle combuftible 
fubftances. Mr Achard has proved, that electricity can 
be fubftituted for caloric even in thofe cafes where its 
agency feems peculiarly neceffary ; for he found that, 
by conftantly fupplying a certain quantity of the elec¬ 
tric fluid, eggs could be batched juft as when they are 

kept 
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Caloric, kept at the temperature of 103°. An accident indeed 

prevented the chickens from actually coming out ; but 

they were formed and living, and within two days of 
burfting their fhell. Ele&ricity has alfo a great deal of 
influence on the heating and cooling of bodies. Mr 

PiClet exhaufted a glafs globe, the capacity of which 

was 1200,199 cubic inches, till the manometer within 

it ftood at 1,75 ^nes* tbie middle of this globe was I fufpended a thermometer which hung from the top of a 
glafs rod fixed at the bottom of the globe, and going 
almoft to its top. Oppofite to the bulb of this ther¬ 

mometer two lighted candles were placed, the rays of 
which, by means of two concave mirrors, were concen¬ 
trated on the bulb The candles and the globe were 
placed on the fame board, which was fupported by a 
non-condu&or of eleClricity. Two feet and a half from 

the globe there was an ‘els&rifying machine, which 
communicated with a brafs ring at the mouth of the 
globe by means of a metallic conduClor. This machine 
was kept working during the whole time of the experi¬ 
ment ; and confequently a quantity of eleClric matter 
was conftantly palling into the globe, which formed an 
atmofphere not only within it, but at fome diftance 
round, as was evident from the imperfeCl manner in 
which the candles burned. When the experiment be¬ 
gan the thermometer flood at 49,8°. It rofe to 70,2° 

in 732''. The fame experiment was repeated, but no 
eleClric matter thrown in ; the thermometer rofe from 
49,8° to 70,2° in 1050" ; fo that the eleClricity flatten¬ 
ed the heating almoft a third. In the firft experiment 
the thermometer rofe only to 71,3°, but in the fecond 
it rofe to 770. This difference was doubtlefs owing to 
the candles burning better in the fecond than the firft 
experiment; for in other two experiments made exact¬ 
ly in the fame manner, the maximum was equal both 
when there was and was not ele&ric matter prefent. 
Thefe experiments were repeated with this difference, 
that the candles were now infulated, by placing their 
candlefticks in ditties of varnifhed glafs. The thermo¬ 
meter rofe in the ele&rical vacuum from 52,2° to 74,7° 
in 1050"; in the fimple vacuum in 965". In the elec¬ 
trical vacuum the thermometer rofe to 770 ; in the 

fimple vacuum to 86°. It follows from thefe experi¬ 
ments, that when the globe and the candles communica¬ 
ted with each other, eleClricity haftened the heating of 
the thermometer; but that when they were infulated 

*Piaetfur feparately, it retarded it *. One would he apt to fuf- 
l*Teu, ch.6, peCl thevagency of eleClricity in the following experi¬ 

ment of Mr PiClet : Into one of the brafs cups former¬ 
ly deferibed, a fmall quantity of cotton was putsto pre¬ 
vent the bulb of the thermometer from being broken. 
As the cup turned round, two or three fibres of the 
cotton rubbed againft the bulb, and without any other 
friClion the thermometer rofe five or fix- degrees. A 

greater quantity of cotton being made to rub againft 
t#tf.ch.9.the bulb, the thermometer rofe 15 degrees f. 

314 We do not mean to draw any other conclufion from 

may bean t^ie^e thail at eleClricity is very often concerned 
agent in the t^le heating of bodies, and that probably fome fuch 
heating of agent is employed in accumulating the heat produced 

If ?i‘.es by fri&ion. Suppofing that eleClricity is a&ually a fub- 
Kttcuon. Suppl. Vol* I. Part I. 
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fiance, and taking it for granted that it is different Light, 
from caloric, does it not in all probability contain ca- 1 
loric as well as all other bodies ? Has it not a tendency 

to accumulate in all bodies on fri&ion, whether conduc¬ 
tors or non-condu&ors ? May it not then be accumu¬ 
lated in thofe bodies which are rubbed againft one ano¬ 
ther ? or, if they are good conductors, may it not pafs 

through them during the fri&ion in great quantities £ 
May it not part with fome of its caloric to thefe bodies, 
either on account of their greater affinity or fome other 

caufe ? and may not this be the fource of the caloric 
which appears during fri&ion ? 

Chap, VI. O/'Light. 

By means of light bodies are rendered vifible. Light Newtonian, 
has been confidered as a fubftance cornpofed of fmall bheory °f 
particles moving in ftraight lines from luminous bodiesliGht- 

with inconceivable rapidity. The difeoveries of New¬ 
ton eftablifhed this opinion on the firm bafis of mathe¬ 
matical demonftration ; and fince his time it has been 
generally embraced. Huyghens, indeed, and-Euler, ad¬ 
vanced another (o). They confidered light as a fubtile 
fluid, filling all (pace, which rendered bodies vifible by 

its undulations. But they fupported their hypothecs 
rather by ftarting objections to the theory of Newton, 
than by bringing forward direCl proofs. Their objec¬ 
tions, even if valid, inftead of eftabhftung their own opi¬ 

nions, would prove only that the phenomena of light 
are not completely underftood ; a truth which no man 
will refufe to acknowledge, whatever fide of the ques¬ 
tion he adopts. Newton and his difciples, on the con¬ 
trary, have fhewn that the known phenomena of light 

are inconjiftmt with the undulations of a fluid, and have 
brought forward a great number of direCl arguments, 
which it has been impoffible to anfwer, in fupport of 
their theory. It can hardly be doubted, therefore, that 
the Newtonian theory of light is the true one. 

Dr Bradley, who, by a number of very accurate ex-Velocity of 
periments, and a procefs of reafoning peculiarly ingeni.light. 

ous, difeovered the aberration of light of the fixed ftar^ 
has fliewn from it that the velocity of light is to tl *1 
of the earth in its orbit as 103 13 to 1. Light there¬ 
fore moves at the rate of 195218 miles in a fecond. 

Light, by means of a prifm, may be feparated into Divisible 
feven rays, differing from each other in colour ; red, into feven 
orange, yellow, green, blue, indigo, violet. None ofra>’*> 
thefe are capable of farther decompofition. Marat, in¬ 
deed, pretended that he had reduced them to three; 
but his experiments are now known to have been mere¬ 
ly philofophical frauds. 

. When light paffes obliquely into a denfer medium, it Differing 
is refraded towards the perpendicular ; when into a ra-in refran- 

rer, from the perpendicular. Sir Ifaac Newton difco-sibiiit>’» 
vered that the rays differed in their rtfrangibility in the 
order in which they have been named, the red being 

the leaft, the violet the moil refrangible. Mr Blair has 

obfervfed, that the ratios of the refrangibility of the 
different rays, though not their order, vary fomewhat in 
different mediums *. 

When light paffes with in a certain diftance of a body, Pbh!t"2f. 

N n parallel»“• 

(o) Dr Franklin did the fame, without taking any notice of thefe philofophcrs, of wliofe opinions perhaps 
he was ignorant. See Tranf. Fhilad. III. 5. r X 
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Light, parallel to which It Is moving, it is bent towards it ; 

*■—v-'when it paffes at a greater diftance, itis bent.from it. 

_ n31l The firft of thefe properties is called inflexion, the lecond 
depalon. Now the rays differ in thefe properties .» the 

order in which they were named ; the red being mo/l, 

the violet leajl, inflexible and deflexible. Tins was fuf- 

* Tranf. petted by David Rittenhoufe *, but was firft demonftra- 

Philad. ii. ted by the ingenious experiments of Mr Brougham t- 
' Dl:' When light falls upon a vifible body, fome of it is re 

- - -P 1.1 __urViitpr am 

3^0 

iPbil. Wlien light tails upon a vuidic 
T'a"f-lW6- d back ; and the more polifhed or the whiter any 

Anduflex-furface is, the more light it reflects. The rays of light 
ity. differ alfo in reflexity, the red being the moft, the vio¬ 

let the leaft reflexible. This difcovery we owe to the 

i Phil. fame ingenious gentleman $. „ - 
Tranf.10^6. Thefe properties of light conftitute the fubjeft of 

Optics; to which we refer thofe who vvifh to fee 

them inveftigated. We mention them here becaufe they 
prove that light is aded on by other bodies that it is 
fubje&ed to the laws of attra&ion, and confequently 

that it poffeffcs gravity, 
2. The particles of light feem alfo, like thofe of ca¬ 

loric, to poffefs the property of repelling one another ; 
at leaft their rapid motion, in all dire&ions, from lumi¬ 

nous bodies, feems to be owing to fome fuch property. 
i 3. Light is capable of entering into bodies, and re- 

palleofe'n-maining in them, and of being afterwards extricated 
tering bo- without anV alteration. Father Beccaria, and feveral 

dies> other philofophers, have fhewn us by their experiments, 
that there are a great many fubftances which become lu- 
minous after being expofed to the light. This property 

was difcovered by carrying them inftantly from the 

light into a dark place, or by darkening the cumber in 
which they were expofed. Moft of thefe fubftances, 

indeed, lofe this property in a very fhort time, but they 
recover it again on being expofed to the light; and this 

may be repeated as often as we pleafe. We are indebt¬ 
ed to Mr Canton for fome very intereft.og experiments 

on this fubjeft, and for difcovenng a compofitionwhich 

pofiefles this property in a remarkable degree. He cal¬ 
cined fome common oyfter lhells in a good coal hre for 

half an hour, and then pounded and fifted the pureft 
t of them. Three parts of this powder were mixed 

with one part of the flowers of fulphur, and rammed 
into a crucible which was kept red hot for an hour. 
The brighteft parts of the mixture were then fcraped 

off, and kept for ufe in a dry phial well flopped. When 
this compofition is expofed for a few feconds to the 
hoht, it becomes fufficiently luminous to enable a per- 

fon to diftinguifh the hour on a watch by it. After 
fome time it ceafes to fhine, but recovers this property 
on being again expofed to the light. Light then is 
not only afted upon by other bodies, but it is capable 

of uniting with them, and afterwards leaving them with- 

out any change. . ... 
It is well known that light is emitted during com- 

bullion ; and it has been obje&ed to this conclusion, 

that thefe bodies are luminous only from a flow and 
imperceptible combuftion. But furely combuftion can¬ 
not be fufpeded in many of Father Beccaria’s experi¬ 

ments, when we refle£l that one of the bodies on winch 
they were made was his own hand, and that many or 
the others were altogether incombuftible; and the phe¬ 
nomena ohferved by Mr Canton are alfo incompatible 
with the notion of combuftion. His pyrophorus Alone 

only in confequence of being expofed to light, and loti 
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that property by being kept in the dark. It is not bight, 
expofure to ligbt which caufes fubftances capable of * ^"*"***^ 
combuftion at the temperature of the atmofphere to be¬ 
come luminous, but expofure to air. If the fame tem¬ 

perature continues, they do not ceafe to fhine till they 
are confumed ; and if they ceafe, it is not the applica¬ 

tion of light, but of caloric, which renders them again 
luminous : but Canton’s pyrophorus, on the contrary, 
when it had loft its property of fhining, did not recover 
it by the application of heat, except it was accompa¬ 

nied by light. The only effed which heat had was to 
increafe the feparation of light from the pyrophorus, 
and of courfe to fhorten the duration of its luminouf- 
nefs. Two glafs globes, hermetically fealed, containing 

each fome of this pyrophorus, were expofed to the light 
and carried into a dark room. One of them, on being 

immerfed in a bafon of boiling water, became much 
brighter than the other, but in ten minutes it ceafed 

to give out light ; the other remained vifible for more 
than two hours. After having been kept in the dark 

for two days, they were both plunged into a bafon of 
hot watel ; the pyrophorus which had been in the wa¬ 
ter formerly did not fhine, but the other became lumi¬ 
nous, and continued to give out light for a confiderable 
time. Neither of them afterwards (hone by the appli¬ 

cation of hot water ; but when brought near to an iron 
heated fo as fcarcely to be vifible in the dark, they fud- 
denly gave out their remaining light, and never (hone 
more by the fame treatment : but when expofed a fe- 
cond time to the light, they exhibited over again pre- 

cifely the fame phenomena ; even a lighted candle and 
ele&ricity communicated fome light to them. Surely 
thefe fads are altogether incompatible with combuftion, 

and fully fufficient to convince us that light alone was 

the agent, and that it had adually entered into the lu¬ 

minous bodies. , 
It has been queftioned, indeed, whether the light 

emitted by pyrophori be the fame with that to which 

they are expofed. Mr Wilfon has proved, that in ma¬ 
ny cafes at leaft it is different, and in particular that 
on many pvrophori the blue rays have a greater effedt 
than any other, and lhat they caufe an extrication of 

red light. Mr de Groffer has fhewn the fame thing 

with regard to the diamond, which is a natural pyro¬ 
phorus *. Still, however, it cannot be queftioned that * 70Ur-dt 

the luminoufnefs of thefe bodies is owing to expofure ^ 

to ligbt, and that the phenomenon is not connected with 

combuftion. . . 
But light appears capable not only of entermg into And of be. 

bodies, but of combining with them chemically. Hie wkh 

phenomena of the phofphori feem to be inftances of^em, 

this, and a great many fadfs concur to prove that light 

enters into the compofition of oxygen gas. When ve¬ 
getables grow in the light, they give out oxygen gas; 
but no oxygen is extricated in the dark, even though 

heat be applied f- From this it is evident, that the f 
paration of this gas from plants, or perhaps the decom-^ 

pofition of the water which they contain, depends upon 
the adtion of light; and that as this decompofition is che¬ 
mical, the light to produce it muft either combine with 
the oxygen or the hydrogen, or at leaft contribute to 

the combination of fome other fubftance with one or 
other of them. When the oxides of gold or filver are 
expofed to light, they are reduced to the metallic ftate J, t Scbmi, 

and at the fame time a quantity of oxygen gas is extri- 
cated. 
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tight, cated *. In this cafe, it is evident that the light mud 

1—J either combine with the oxygen or the metals. If a 
* Bsrtbtllet. quantity of nitric acid be expofed for fome time to the 

light, it becomes yellow, as is well known, and a quan¬ 
tity of oxygen gas is found floating on its top. If it 
be now carried to a dark place, the oxygen js gradually 
abforbed, and the acid becomes colourlefs. In this cafe, 
nitric acid is deeompofed by means of light, and refol- 

ved into nitrous acid and oxygen gas. The light mud 
therefore have combined either with the nitrous acid or 
the oxygen. But no change whatever appears to have 

been produced in the nitrous acid ; for if it be obtained 
in the dark by any other procefs, it has precifely the 
fairie properties. The oxygen, on the contrary, is con¬ 
verted into a gas. It is more probable, then, that the 
light has combined with the oxygen than with the acid. 

Hence there is reafon to fufpedl that light makes one 
of the ingredients of oxygen gas. Caloric has already 

. been fhewn to make another ingredient. 
Light 3 During combudion, a quantity of light as well as ca- 
which ap* loric is almod always evolved. We mud conclude, there- 
pears du- fore> that light makes a part of the compofition either 

buftion fup-of the combudibles themfelves, or of the oxygen gas 
pofed com- with which they unite. We have already (hewn that 
Dined with oxygen gas probably contains light; and this probabi- 
oxygen gas. pty is confirmed by another fad. Subdances may be 

combined *with oxygen without the emiflion of any 
light, provided the oxygen be not in the date of a gas. 
If phofphorus, for indance, be put into nitric acid, it 
attrads oxygen, and is converted into phofphoric acid 
without the emiflion of any light. Now if the light 
which appears during combuftion had been combined 
with the combuflible, it ought to appear in all cafes 
when that combudible is united with oxygen, whether 
the oxygen has previoufly been in the date of a gas or 
not. But as this is not the cafe, we may certainly in¬ 
fer, that the light which appears during combudion is 
extricated, not from the combudible, but from the oxy¬ 
gen gas. And this feems at prefent to be the opinion 

of the greater number of philofophers. 
But we mud acknowledge, that this concluflon is 

not without its difficulties, and difficulties, too, which, 

in the prefent date of chtmidry, it does not feem poffible 

to furmount. 
Difficulties In the firft place, it is evident, that light may be pro- 
attending duced during combudion, though the oxygen be not in 
thisopi- tjie £ate Qf a gas . yor if nitric acid be poured upon 

mon* oil of turpentine, the oil takes fire, and burns with the 
greated rapidity, and a great deal of light is emitted. 
This combudion is occalioned by the oxygen of the 

acid combining with the ingredients of the oil. It fol¬ 
lows, therefore, if the light emitted was previoufly com¬ 
bined with the oxygen, that oxygen mud contain light 

when not in the date of a gas. Mr Proud has (hewn 
that a great variety of fimilar combudions may be pro¬ 
duced. But what is very remarkable, by proper cau¬ 

tion the very fame combinations may be made to take 
place without the vifible emiflion of any light. In that 

cafe they take place very flowly, as happens alfo when 
phofphorus decompofes nitric acid ; fo that the emif- 
fion or non-emiffion of light feems to depend not upon 

the date of the oxygen, fo much as upon the rapidity or 
flownefs of the combination. It is true, indeed, as the 
late Dr Hutton of Edinburgh obferved, that light may 

be emitted in thefe flow combinations though it be’not 

S T II Y. 
vifible ; and this is very probably the cafe : but then the 
proof is dedroyed that light exids in oxygen gas, from 
its not appearing during combinations in which the 

oxygen did not exid previoufly in a gaieous date. 
In the fecond place, the colour of the light emitted 

during combudion differs almod always according to 
the combudible. During the combudion of phofpho¬ 

rus, tin, and zinc, the light emitted is white *, during 
that of fulpliur and bifmuth, blue. Now if this light 

were united with the oxygen, why does it not appear al¬ 
ways of the fame colour, whatever be the combudible ? 

In the lad place, the phenomena of phofphori fhew 
that light is capable of entering into other bodies as well 

as oxygen gas; and the emiflion of light on the colli- 
lion of two flint dunes, when no oxygen gas can be de- 

compofed, is a proof of the fame kind, which cannot be 

got over. 
In the prefent date of chemidry, therefore, it cannot 

be concluded, that the light emitted during combudion 
does not exid in the combudibles as well as in the 

oxygen. 3*5 
4. Light has the property of heating bodies. All. ^ea53 

bodies, however, are not heated by it. Thofe which00 "eSo 
are perfectly tranfparent, or which allow ail the light 
to pafs throw them, fuffer no alteration in their tem¬ 
perature. Thus light may be concentrated upon wa¬ 
ter or glafs without producing any effetl. Neither 
does it produce much change upon thofe bodies (mir¬ 
rors for indance) that refledl all or nearly all the light 
which falls upon them. And the fmallnefs of the alter¬ 
ation of temperature is always proportional to the fine- 

nefs of the polifli, or, which is the fame thing, to the 
quantity of light which is refle6led. So that we have 
reafon to conclude, that if a fubdance could be procu¬ 
red which refledled all the light that fell upon it, the 
temperature of fuch a fubdance would not be at all af- 
felled by light falling upon it. Dr Franklin expofed 
upon fnow pieces of cloth of different colours (white, 
red, blue, black) to the light of the fun, and found 
that they funk deeper, and confequently acquired heat, 
in proportion to the darknefs of their colour. Now it 

is well known that dark-coloured bodies, even when 
equally expofed to the light, reflect lefs of it than thofe 
which are light-coloured. But fince the fame quantity 
falls upon each, it is evident that dark-coloured bodies 
mud abforb and retain more of it than thofe which are 
light-coloured. That fuch an abforption actually takes 
place is evident from the following experiment. Mr 
Thomas Wedgewood placed two lumps of luminous or 
phofphorefcent marble on a piece of iron heated juft 

under rednefs. One of the lumps of marble which was 
blackened over gave out no light ; the other gave out 
a great deal. On being expofed a fecond time in the 
fame manner, a faint light was feen to proceed front 
the clean marble, but none at all could be perceived to 
come from the other. The black was now wiped off, 

and both the lumps of marble were again placed on the 
hot iron : The one that had been blackened gave out 
jud as little light as the other*. In this cafe, th z* Phil. 
light which ought to have proceeded from the lumi- Trari/.ij^z 

nous marble difappeared : it mud therefore have been 
ftopped in its paffage out, and retained by the black 

paint. Now black fubftances are thofe which abforb 
the mod light, and they are the bodies which are mod 

heated by expofure to light. Cavallo obferved, that a 
No 2 thermometer 
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Light, thermometer with its bulb blackened (lands higher than 

"v one which has its bulb clean, when txpofed to the light 
* fin. of the fun, the'light of day, or the light of a lamp *. 
Jr**/'. 178c,Mr Pidlet made the fame obfervation; and took care to 

afeertain, that when the two thermometers were allowed 
to remain for fome time in a dark place, thby acquired 
precifely the fame height. He obferved, too, that when 
both thermometers had been railed a certain number of 
degrees, the clean one fell a good deal fader than the 

\ Sur le other f. But it is not a fmall degree of heat alone 
cb. 4* which can be produced by means of light. When its 

rays are concentrated by a burning-glafs, they are ca¬ 
pable of fetting fire to combuflibles with eafe, and even 

of producing a temperature at lead as great, if not 
greater, than what can be procured by the mod violent 

and bed conduced fires. In order to produce tide ef- 
fe£l, however, they mild be directed upon fome body 
capable of abforbing and retaining them ; for when 

they are concentrated upon tr;-nfparent bodies, or upf n 
fluids, mere air for indance, they produce little or ro 
cffe& whatever. We may conclude, therefore, in ge¬ 

neral, that in all cafes when light produces heat it is 

316 abforbed. 
Heat ren- 5. All bodies become luminous when their tempera- 

iumin°useS ture *S ra^ec* a certa^ number of degrees. No fa£t is 
, more familiar than this ; fo well known indeed is it, 

that little attention has been paid to it. When a body 
becomes luminous by being heated in a fire, it is faid 
in common language to be red hot. It follows from 

all the experiments hitherto made, that the tempe¬ 
rature at which they become red hed hot is nearly the 
fame in all bodies.— It feems to be( pretty near 8oo°. 

A red hot body continues to fhin<e for fome time after 
it has been taken from the fire and put into a dark 
place. The condant acceflion, then, either of light or 

heat is not necefBry for the fhining of bodies: but if 
a red hot body be blown upon by a drong current of 

$ T. Wedge- air^ it ceafes to fhine immediately Confequently the 
wood, Phd. nioment the temperature of a body is diminifhed by a 
Tra«/.i792.certajn number of degrees, it ceafes to be luminous. 

Whenever a body reaches the proper temperature, it 
becomes luminous, independent of any conta£l of air ; 

for a piece of iron wire becomes red hot while immerfed 
§ Id.ibtd. *n me]te(j lead 

Ex(fep^t the To this general law there is one remarkable excep- 
g^fes. tion. It does not appear that the gafes become lu¬ 

minous even at a much higher temperature. The fol¬ 

lowing ingenious experiment of Mr T. Wedgewood 
feems to fet the truth of this exception in a very clear 

point of view. He took an earthen ware tube B (fig. 
5.), bent fo in the middle that it could be funk, and 

make feveral turns in the large crucible C, which was 
filled with fand. To one end of this tube was fixed the 
pair of bellows A ; at the other end was the globular 
veffel D, in which was the paffage F, furnifhed with a 

valve to allow air to pafs out, but none to enter. There 
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was another opening in this globular veffel filled with Light, 
glafs, that one might fee what was going on within. Kmm— 
The crucible was put into a fire; and after the fand had 
become red hot, the air was blown through the earthen 

tube by means of the bellows. This air, after palling 
through the red hot fand, came into the globular veffel. 
It did not (bine ; but when a piece of gojd wire E 
was hung at that part of the veffel where the earthen 

ware tube entered, it became faintly luminous. A 
proof, that though the air was not luminous, it had been 

hot enough to raife other bodies to the fhining tempe¬ 
rature. 328 

6. Thus it appears that light and heat reciprocally Inquiry in- 

produce each other ; that the fixation of light in bodies^ 

always produces heat, and that the application of a fuf- phenomena* 
ficiently ftrong heat always occafions the extrication of 
light. Are h'cat and light, then, owing to the fame 

caufe? Does light become caloric merely by being fixed 
in bodies ? and does caloric affume the appearance of 
light whenever it is extricated from them ? In fhort, 
are caloric and light merely names for the fame fub- 
ftance, called caloric when it is fixed in bodies, and light 
when in a (late of liberty ? 

To thefe queftions it may be anfwered, That if calo¬ 
ric and light w^re one and the fame fubftance, they 
ought to produce precifely the fame effedls. Now this is 
not the cafe: a black body is not heated fooner by mere 
caloric than any other, though the contrary takes place 

when both are expofed to the light*. Heat cannot # T. Wedge* 
make growing vegetables exhale oxygen gas, though woo//, Phil 

light does it almoll inftantaneoufly. When oxy-muriatic ^ranI* 

acid (a compound of oxygen and muriatic acid) is ex¬ 
pofed to the light, a quantity of oxygen gas flies off, and 

nothing remains but common muriatic acid. Eight then 
decompofes this acid ; for if you wrap up a bottle in 
black cloth, fp as to exclude light, and then expofeit 

equally to the fun, no fuch decompofition takes place. 
Now this decompofition cannot be produced by mere 
caloric. If the acid be heated, it Amply evaporates with¬ 
out being altered. Chaptal ha-s proved (p), that the 
rays of light directed on certain parts of glaffes, con¬ 
taining folutions of falts, caufe them to cryftallize in 
that part in preference to any other f, Thefe obferva-t Mem, 

tions have been confirmed and extended by MrDorthes 

Now caloric produces no fuch effects, nor has the tern, chim/xl 
perature any influence on the phenomenon. 32, 

Thefe fa&s are fufficient to (hew that light and calo¬ 
ric, even when tliey have entered into bodies, produce 
different effe£ls, and that therefore they have different 
properties (cl). But if the only difference between them 
were, that the one is in a (late of liberty, the other in that 

of combination, the moment light entered a body it ought 
to be no longer light but caloric, and confequently ought 

to produce precifely the fame effe&s with caloric : And 
fince this is not the cafe, we are warranted furely 
to conclude that light and caloric are not the fame, 

but 

(p) Petit made the fame obfervations in 1722. See Memoirs of the Academy of Sciences for that year, p. 9$. 

and 331. 
(<l) We muff acknowledge, however, that the following ingenious experiments of Profeffor Pi&et might be 

adduced, to prove that light and caloric poffefs at leaft one property in common, that of moving in ftraight liner. 

He placed two concave mirrors of tin, of nine inches focus, at the diftance of twelve feet two inches from one 

another. In the focus of one of them he placed a ball of iron two inches in diameter, heated fo as not to be 
vifibie 
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3*9 , 
Suppofed 
owin^? to 
the mutual 
rrpulfion 
of light and 
caloric. 

but different fubftances (*)♦ How then does caloric oc- 
c alien the appearance of light, and light that of caloric? 

We have feen already, that there is no body in nature 

which does not contain caloric ; and light has fuch an 
influence upon everything, it produces fuch important 

changes upon the animal and vegetable kingdoms, it 
can be extricated from fuch a vaft number of bodies, 
that in all probability we may conclude with regard to 

it alfo, that it exifts in all, or in almoft all, the bodies in 
nature. We have no means' of afeertaining either the 

quantity of light or of caloric that exifts in bodies; 
but if we were to judge from the quantity which ap¬ 
pears during combuftion, we muft reckon it very con- 

ilderable. Now, may there not exift a repulfion between 
the particles of caloric and light? It is not eafy, at 
leaft, to fee why light flies off during combuftion with 

fuch rapidity, if this be not the £afe. If fuch a repul- 
fion a&ually exifts, it vyill follow that caloric and light 
cannot be accumulated in the fame body beyond a cer¬ 

tain proportion. If the caloric exceed, it will tend to 
drive off the light ; if the light, on the contrary, hap¬ 

pens %to prevail, it will difplace the caloric. 
If caloric and light adfually exift in all bodies, there 

muft be an affinity between them and all other bodies ; 
and this affinity muft be fo great, as to render ineffec¬ 
tual the repulfion which exifts between light and caloric. 
Let us fuppofe now, that thefe two fubftances exift in 

all bodies in certain proportions, it will follow, that the 

more either of caloric or light is added to any body, the 
ftronger muft the repulfion between their particles be¬ 
come ; and if the accumulation be ftill going on, this re¬ 

pulfion will foon become great enough to balance their 
affinity for the body in which they exift, and confequent- 

ly will difpofe them to fly off. If caloric, for inftance, 
be added to a body, whenever the body arrives at a cer¬ 
tain temperature it becomes luminous, be can ft* p^vt of 

the light which was formerly combined with it is driven 

off. This temperature muft depend partly upon the 
affinity between the body and caloric, and partly upon 

its affinity for light. Pyrophori, for inftance, the affi¬ 
nity between which and light does not feem to be very 
great, become luminous at a very moderate temperature. 

This is the cafe with the pyroplioruS of Canton. A 
great many hard bodies become luminous when they are 
expofed to a moderate heat; fluor, for inftance, carbo- 

nat of barytes, fpar, fea-fhells, and a gre3t many others, 
which are enumerated by Mr Thomas Wedgwood*. * pm 

The fame ingenious gentleman has obferved, that Tranf. 

gold, filver, copper, and iron, become luminous when P- 

heated in times inverfely proportional to their Specific 
calorics f. Now the fpecific calorics of thefe metals j. j^ 

are in the following order 
Iron, 
Copper, 
Silver, 

Gold, 
They 

vifible in the dark ; in the other was placed the bulb of a thermometer. In fix minutes the thermometer rofe front 
4° to 140 (Reaumur). A lighted candle, which was fubftituted for the ball of iron, made the thermometer rife in 
one experiment from 4,6° to 14°; in another, from 4,2° to 14,3s. In this cafe both light and heat appeared to 
aft In order to feparate them, he interpofed between the two mirrors -a plate of clear glafs. Before the inter¬ 
polation of the glafs, the thermometer had nfen from 2° to 12*, where it was ftationary. After the interpofi- 
tion of the glafs it funk in nine minutes to ?,7° ; and when the glafs was again removed it rofe in feven minutes 

to 1 1 i° • yet the light which fell on the thermometer did not leem at all dimimfhed by the glafs. Mr Pi&et 
therefore’concluded, that the caloric had been refleded by the mirror, and that it had been the caufe of the rife 
of the thermometer. In another experiment, a glafs matrafs was fubftituted for the iron ball, nearly of the fame 

diameter with it, and containing 2044 grains of boiling water. Two minutes after a thick fereen of filk,.which 
had been interpofed between the two mirrors, was removed, a Fahrenheit’s thermometer, which was in the other 
rocus rofe from 470 to 504 ; and the moment the inatrafs was removed from the focus the thermometer again 
defeended. On repeating the experiment, with this variation, that the bulb of the thermometer, was blackened, 

U The mirrors of tin w’ere now placed at the diftance of 90 inches from each other ; the inatrafs with the boiling 

water in one of the foci, and a very fenfible air thermometer in the other, every degree of which was equal to 
« th of a decree of Reaumur. Exactly in the middle fpace between the two mirrors, there was placed a very thin 

common dais mirror, fufpended in fuch a manner that either fide could be turned towards the matrafs. Wheir 
the nolilhed fide of this mirror was turned to the matrafs, the thermometer role only 0,5® j but when the fide 
covered with tinfoil, and which had been blackened with ink and finoke, was turned toward the matrafs, the ther¬ 
mometer rofe 2 c°. In an.ther experiment, when the polilhed fide of the mirror was turned to the matrafs the ther¬ 
mometer rofe V, when the other fide 9,2°. On rubbing off the tinfoil, and repeating the experiment, the ther- 
mometer rofe 18° On fubftitutiug for the glafs mirror a piece of thin white paiteboard of the fame dimenfions* 
with it, the thermometer rofe io°. On putting a matrafs full of fnow into one of the foe. (the mirrors in thisr 

exneriment were 10A feet diftant from each other), the air thermometerfeveral degrees, and rofe again when 
the matrafs was removed. When nitric acid was poured on the lnow the thermometer unk 5° or6Mowc, 

Taking it for granted that thefe experiments proved the motion of caloric in ftraight lines like light, Mr Pic¬ 

tet endeavoured to difeover the velocity of its motion. For this purpofe he placed two concave mirrors at the 
diftance of 69 feet from each other ; the one of tin as before, the other of plafter gilt, and 18 inches in d.ame- 
ter Into the focus of this laft mirror he put the air thermometer and the bullet of iron heated as before into 
that of th- other. A few inches from the face of the tin mirror there was placed a thick fereen, which was re¬ 
moved as foon as the bullet reached the focus. The thermometer rofe the .pliant the fereen was removed, with¬ 

out any perceptible interval: hence he concluded, that the time caloric takes in moving 69 feet is too fhort to* 

be meafured. See PiBei fur le Feu, chap. iii. 
(a) See more on this fubjedt under Tbsruometric SpeBrum in this Svppemenh 
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They become luminous, therefore, when expofed to 

the fame degree of heat, in the following order : 
Gold, 
Silver, 

Copper, 
Iron. 

Now the fmaller the fpecific caloric of any body is, 

the lefs muft be the quantity of caloric neceffary to 

raife it a given number of degrees; the fooner therefore 
muft it arrive at the temperature at which it gives out 
light. It was natural to exped, then, if the emifiion of 
light from a body by the application of heat be owing 
to the repulfion between caloric and light, that thofe 

bodies fhould become luminous fooneft in which that 
repulfion increafes with the greateft rapidity ; and this 
we fee is precifely the cafe. The only queftion to be 

determined before drawing this conclusion is, Whether 
the fame quantity of caloric entered all of them ? That 

depends upon their conducing power, which, accord¬ 
ing to Ingenhoiffz, is in the following order: 

Silver, 

Gold, 

Copper, 
Iron. 

We fee, then, that this conducing power is nearly 
in the order in which thefe metals become luminous ; 

fo that the greateft quantity of caloric would enter thofe 
which become fooneft luminous. Now this is juft what 
ought to happen, provided the expulfion of light from a 

luminous body, by the application of heat, be owing to 
the repulfion betw een the particles of caloric and light. 

The repulfion between the different rays of light and 
caloric does not feem to be equal ; the repulfion be¬ 

tween the blue rays and caloric feems to be greater than 

that between the red rays and caloric; and the repulfion 
between all the rays and caloric feems to be diredly as 
their refrangibility ; accordingly, when heat is applied 

to a body, the blue rays efcape fooner, and at a lower 
temperature, than the red rays and others which are 
inoft refrangible. When fulpliur, for fnftance, is burnt at 
a low temperature, the colour of the flame is blue ; and 
when examined by the prifm, it is found to confift of the 
violet, indigo, blue, and fometimes of a fmall quantity of 

w jtfor~an the green rays* ; but when this fubftance is burnt at a 

Phil. Tranf. high temperature, the colour of the flame is white, all 
1785. the rays feparating together. When bodies have con¬ 

tinued to burn for fome time, they may be fuppofed to 

have loft the greater part of the inoft refrangible rays ; 
hence the red appearance of bodies, charcoal for in- 
ftance, that have burnt for fome time, the only rays which 

f Ibid. remain to feparate being the orange, yellow, and redf. 
The blue rays feem not only to repel caloric with 

greater force, but likewife to have a greater affinity for 

other bodies than the red rays have ; for they decom- 
pofe the oxide of filver (or rather the muriat of filver) 
much fooner, and to a greater extent, than the red 

| Sennelier. rayst: hence we fee the reafon why the application of 
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the blue rays to Mr Wiifon's pyropbori and to the dia- bight, 
mond caufes an extrication of red rays. 

We have feen already, that the gafes are not heated 
red hot by the application of heat. It would follow 
from this, that the gafes do not contain light : but the 
contrary is certain ; for light is adually extricated du¬ 
ring the combuftion of hydrogen, and muft therefore 
have exifted either in the oxygen or hydrogen gas, or 

in both. Probably therefore the reafon that heat does 
not extricate light from the gafes is, that the affinity 
between their bafes aird light is exceedingly ftrong : it 
would therefore require a more than ufual temperature 
to produce its extrication ; and on account of the great 

dilatability of thefe gafes, which always tends to dimi- 

niffi the repulfion between the caloric and light, this 
temperature cannot be applied. It is eafy to fee, upon 
/the fuppofition that there exifts a repulfion between ca¬ 

loric and light, why the accumulation of light fhould 

produce heat, and why light only occafions heat in 

thofe bodies that abfoib it. 
Such is the theory of the caufe of the reciprocal ex¬ 

trication of light and caloric by the application of thefe 

fubftances refpedively to bodies, which has been pro- 
pofed by feveral ingenious chemifts (s) ; and we ac¬ 
knowledge frankly, that it appears to us by far the 
moft plaufible of all the explanations of this phenome¬ 

non with which we are acquainted. . . 3j0 
It is not, however, beyond the reach of objedions, Objedion® 

and objedions too, we are afraid, altogether incompa-to which 

tible with its truth. Were the repulfion between caloric 
and light the only caufe of the luminoufnefs of hot bo-ls 1 

dies, the continual application of heat would furely in 
time feparate the whole of the light which was com¬ 
bined with the body, and then it would ceafe to be lu¬ 
minous altogether ; but we have no reafon to fuppofe 

that bodies ever ceafe to become luminous by the con¬ 
tinued application of heat. Claveus kept melted, and 

confequently red hot, gold for months in a furnace ; 
but he does not fay that its luminoufnefs was diminiffi- 
ed, far lefs deftroyed ; and had fuch a remarkable phe¬ 
nomenon taken place, certainly he would not have failed 

to inform us; but fo far from that, he exprefsly fays 

that it fuffered no alteration (t) §. . § Shan't 

Whether light would continue to extricate a great Boyle, iii. 
deal of caloric during fo long a time, has never been ^68. 

tried : but we have no reafon for fuppofmg that its 
power to produce that effed is ever exhaufted; for bo¬ 

dies, after being expofed to the fun for years, and even 
for ages, are juft as much heated by it as ever. But 
thefe effeds, far from being inexhauflible, ought, ac¬ 
cording to the theory, to come very fpeedily to an end. 
It is certainly probable, then, as other philofopliers 

have fuppofed, that though light and caloric are not 
precifely* one and the fame fubftance, they are fome how 
or other intimately conneded, and are either compofed 

of different proportions of the fame ingredients, or the 

one enters into the compofttion of the other. 
One 

(s) Particularly by Dr Parr, who is faid to be the author of a paper on this fubjed, publifhed in the Exeter 

Memoirs. 
(t) A gentleman, to whom we mentioned this objedion, obferved, that in the cafe of bodies long expofed to 

heat, the light which appears to proceed from them, might, in fad, be extricated from the atmofphere by the ca¬ 
loric communicated to it from the heated body. This thought is new and ingenious, and might eafily be put to 
the teft of experiment. Some of the fads mentioned in the text are rather hoftile to it ; but fhould it prove 

well founded, it would go far to remove moft of the difficulties in which the theory of light 13 at prefent involved. 



33i 
Scheele s 
theory of 
light apd 
caloric. 
# In his 
*Treatife on 

Fire* 

C H E M I 
One of the firft theories of this kind (for the opinion 

of'Stahl has been already difcuffed) was formed by Mr 
Scheele 3% one of the moft extraordinary men and great- 

eft philofophers that ever exifted. Without the afiift- 
ance of education or of wealth, his genius burft forth 

with aftonifhing luftre ; and at an age when moft phi¬ 
lofophers are only riling into notice, he had finifhed a 
career of difcoveries which have no parallel in the an¬ 
nals of chemiftry. Whoever willies to behold ingenuity 
combined with fimplicity, whoever wifhes to fee the m- 
exhauftible refourcesof chemical analyfis, whoever willi¬ 

es for a model in chemical refearches—has only to per- 
ufe and to ftudy the works of Scheele (t). After a 
vaft number of experiments, condu&ed with aftonifhing 

ingenuity, he concluded, that caloric was compofed of 
a certain quantity of oxygen combined with phlogifton; 

that radiant heat, a fubftance which he fuppofed. capa¬ 
ble of being propagated in ftraight lines like light, and 
not capable of combining with air, was compofed of 
oxygen united with a greater quantity of phlogifton, 

and light of oxygen united with a ftill greater quantity. 
He fuppofed, too, that the difference between the rays 
depended upon the quantity of phlogifton : the red, ac¬ 
cording to him, contained the leaft ; the violet, the 
moil phlogifton. By phlogijlon Mr Scheele feems to 
have meant hydrogen. It is needlefs therefore to exa¬ 
mine his theory, as it is now known that the combina¬ 
tion of hydrogen and oxygen forms not caloric but wa¬ 
ter (u). The whole fabric therefore has tumbled to the 
ground; but the importance of the materials will always 
be admired, and the ruins of the ftru&ure {hall remain 

eternal monuments of the genius of the builder. 
Mr de Luc, fo well known for his important meteo- 

rolgical labours, has advanced another theory f. Ac- 

'jdees fur la cort^ng to '%ht 18 a body which moves conftantly 
Ma/oro- a in ftraight lines, with fuch rapidity that its gravitation 
kgie. towards other fubftances bears no fenfible proportion to 

its motion. Light has the property of combining with 
another unknown fubftance, and the compound formed 

is caloric, which poflefles very different properties from 
light. Caloric is conftantly defcribing helicoidal curves 
round an axis, which accounts for the flownefs of its ap¬ 
parent motion. Light produces or increafes heat, part¬ 

ly by increafing the expandve power of caloric, and 
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partly by combining with the unknown fubjlancey and 
forming new caloric ; caloric, on the other hand, is al-v 

ways decompofed when bodies become luminous. This 
theory is certainly ingenious, and would remove many 
of the difficulties which we at prefent labour under in 

attempting to explain the phenomena of caloric and 
light. It is, however, liable to other difficulties which 
could not be eafily furmounted. But it is needlefs to ex¬ 
amine thefe, as the theory itfelf is fupported by no evi¬ 
dence whatever, and cannot therefore be admitted. 

Another theory has been advanced by the late Dr Hutton’s 

Hutton of Edinburgh (v) ; a man of undoubted genius^heory. 

but of rather too fpeculative a turn of mind, and who 

fometimes involved himfelf in difficulties from his very 
ingenuity. All his writings difplay evident marks of 
the profound philofopher ; they contain much iuftruc- 
tion ; and even his rnillakes are not without their ufe ; 
but unfortunately his manner is fo peculiar, that it is 
fcarcely more difficult to procure the fecrets of fcience 

from Nature herfelf, than to dig them from the writings 
of this philofopher. He fuppofes that there are two 
kinds of matter, gravitating matter and light; the lafb 
of which wants gravity, and confequently neither pof- 
feffes magnitude (w) nor momentum. Light has the 
power of being fixed in bodies ; and then it becomes 
either caloric or phlogifton, which differs in fome parti¬ 

culars from caloric, but in what, the Doctor does not 
precifely tell us. 

Part of this theory we have examined already when 
we attempted to prove that light and caloric were dif¬ 
ferent fubftances. The other part of the theory feems 
to involve a contradi&ion ; for how could light become 
fixed in a body, unlefs it were attracted by it ? and if 
light poffeffes attraction, it furely cannot be deflitute- 
of gravity ; for what is gravity but altraQion ( x) ? 

Thus, notwithftanding the ingenuity of the philcfo- 
phers who have attempted to inveftigate this part of 
chemiftry, the connection between light and caloric is 
ftill unknown. We muft content oiirfelvcs, therefore, 
with coniidering them at prefent as diftinct fubftances,. 
and leave the folution of the many difficulties which at 
prefent perplex us to the more happy labours of future 

inquirers. 

Part 

(t) This Newton of chemiftry died in 1786, at the age of 44. His moral charafter, according to Mr Er- 
hart and others, who were the companions of his youth, and Melfrs Gadolin, Efpling, and tbofe who knew him 

in his latter davs, was irreproachable and praife worthy. His outward appearance was not expreflive of the great 
mind which lay concealed as it were under a veil. He feldom joined in the ufuah conversations and amufements 
of focietv having as little leifure as inclination to do fo ; for what little time he had to Ipare from the hurry of 

his profeffiou (an apothecary), was conftantly filled up in the profecut.on of experiments. It was only when 
he received vifits from his friends, with whom he could converfe upon lus favourite fcience, that he indulged him- 
felf in a little relaxation. For fuch friends he had a fincere affeaion, as he had alio tor thofe that lived at a di- 

ftance, and even for fuch as were not perfonally known to him. He kept up a regular correfpondence with 
MefTrs Erhart, Meyer, Kirwan, Crell, and feveral other chemifts. See Crell s LifeofScheele 

f u) This candid philofopher afterwards acknowledged, that the proofs for the compofition of water were 

complete • but we do not know exadly how he attempted to reconcile his theory of heat with the belief that 
water was compofed of oxygen and hydrogen ; two opinions which are certainly incompatible. 

(vj See his dilTertations on different fubjeAs of natural philoiophy. ...... 
(w) Indeed Dr Hutton refufed this property to gravitating matter alfo ; following, in this particular, the 

theory of the celebrated Bofcovich. , - 
(x\ We hone not to be accufed of difputing merely about the meaning of a word, till what is faid on tins 

fubjea in the chapter of the prefent article, which treats of Affinity, has been examined. 
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r) thofe bodies which are composed of two fimple 
julp antes combined together, for want of a better 

name we have given the appellation of compound bodies. 

They may be reduced under five claffes : 
I. Water, 4. Alkalies, 

2. Alcohol, 5. Acids. 

3. Oils, 
Thefe fnall be the fubje& of the five following chap¬ 

ters; and we fhall finifh this part of the article withfome 

obfervations on Affinity, 

Chap. I. 0/Water. 

Water is a well-known liquid, found in abundance 

in every part of the world, and abfolutely neceflary for 

the exiftence of animals and vegetables. 
When pure, in which flate it can be obtained only 

by diftiliation, it is tranfparent, and deftitute of colour, 

tafte, and fmell. 
A cubic foot of water, at the temperature of 55°, 

weighs, according to the experiments of ProfefTor Ro- 
bifon of Edinburgh (fee Specific Gravity, Encycl.), 
998,74 avoirdupois ounces, of 437,5 grains troy each, 
or only 1,26 ounces lefs than toco avoirdupois ounces; 
jfo that rain water, at the fame temperature, will weigh 

pretty nearly \ 000 ounces. The fpecific gravity of 
water is always fuppofed i,coo, and it is made the 
meafure of the fpecific gravity of every other body. 

When water is cooled down to 3 2°, it aflumes the 
form of ice. If this procefs goes on very flowly, the ice 
aflumes the form of cryftalline needles,, eroding each 

other at angles either of 6o° or 1 20°, as Mr de Mairan 
has remarked ; and it has been often obferved in large 
cr} dais of determinate figures. Ice, while kept at a 

temperature confiderably below 32°, is very hard, and 

may be pounded into the fined duft. It is elaftic. Its 

fpecific gravity is lefs than that of water. 
When water is heated to the temperature of 212°, 

it boils, and is gradually converted into (learn. Steam 
is an invifible fluid like air, but of a lefs fpecific gravi¬ 
ty. It occupies about 1 200 times the fpace that water 

does. Its elafticity is fo great, that it produces the 
moft violent explofions when confined. It is upon this 
principle that the fleam-engine has been conftru&ed. 

See Steam and Stejai-Engine, Encycl. 
The phenomena of boiling are owing entirely to the 

rapid formation of deam at the bottom of the veflel. 
The boiling point of water varies according to the pref- 

fure of the atmofpnere. In a vacuum water boils at 

900; and when water is confined in Papin’s digeder, it 

may be aimed heated red hot without boiling. The 
mixture of various falts with water afled: its boiling 
point confiderably. Mr Achard made a number of ex¬ 

periments on that fubjed ; the refult of which may be 

feen in the following Tables * : 

Class I. Salts which do not affieH the Boiling Point. 

Sulphat of copper. 

Class II. Salts which raife the Boiling Point. 
. r , ( Muriat of foda 1 Raifes the 

A faturated \ gul hat ot foda ( boiling 
folution of l gulph3t of potafs j pointfc 

A faturated t ™trat of Pfafs 7 Raif" t5ie f *5° 

folution of 1 Rorac,c , C b°'!lng ^ 2,2 
tCarbonat or ioda J pomt L2.35 

This augmentation varies with the quantity of fait 
didoived. In general, it is the greater the nearer the 
folution approaches to faturation. 

Class III. Salts which lower the Boiling Point. 
f In a fmall quantity, lowers the boiling 

x’35°° 
0,22 

M7 
1,1 
0,0 

0,7 
0,0 

2,02 

°>4 5 
0,22 

i>24 

Water. 

{ 

f 
7 t 0,C 

35c 
,6 

Borax, < point - 
(.Saturated folution of, 

c* i i r- r f In a fmall quantity, 
r b 3 £ Saturated folution of 

f A very fmail quantity of, 
Alum, < A greater quantity, 

L A faturated folution of, 
Sulphat of lime, T 
Sulphat of zinc, ( 
Sulphat of iron, \ ln anY proportion, 

Acetite of lead, J 
Class IV. 

Muriat of f Small duant^y °f> lowers the boil- 

ammonia, £ 3aturatec[ folution of, raifes do. 9,79 

Carbonat J Small quantity of, lowers do. 0,45 
of potafs, (_ Saturated folution of, raifes do. 11,2 

W^ter was once fuppofed to be incomprefiible, but Water 
the contrary has been demondrated by Mr Canton. The compref- 
Abbe Mongez made a number of experiments, longaf-^k* 

ter that philofopher, on the fame fubjed, and obtained 
fimilar refults. 

Water was believed by the ancients to be one of the Opinion 
four elements of which every other “body is compofed ; about its 

and, according to Hippocrates, it was the fubflancenaturj* 

which nouriihes and fupports plants and animals. That 
water was an unchangeable element continued to be be¬ 
lieved till the time of Van Helmont, who made plants 
grow for a long time in pure water: From which ex¬ 

periment it was concluded, that water was convertible 
into all the fubdances found in vegetables.—Mr Boyle 
having digeded pure water in a glafs veflel hermetically 
fealed for above a year, obtained a quantity of earthy 

feales ; and concluded, in confequence, that he had con¬ 

verted it partly into an earth *. He obtained the fame * Slaw's 
earth by diddling water in a tall glafs veflel over a Boyle, iii. 
flow fire f. Margraf repeated the experiment with the 4*7- 
fame refult, and accordingly drew the fame conclufion. f *• 

But the opinion of thefe philofophers was never very4 '* 
generally received. The lad perfon who embraced it 
was probably Mr Wafelton, who publifhed his experi¬ 

ments on the fubjed: in the Journal de Phyjique for 
178?. Mr Lavoifier had proved, as early as 1773, that 
the glafs veflels in which the didillation was performed 
lod a weight exadly equal to the earth obtained. Hence 

it follows irrefidibly, that the appearance of the earth, 
which was filica, proceeded from the decompofieion of 

the veflels ; for glafs contains a large proportion of fili- 
' ca. It has been fince (hewn by Dr Priettley,-that wa¬ 
ter always decompofes glafs when applied to its furface 
for a long time in a high temperature. 

We have formerly mentioned, that water is compofed 

of oxygen and hydrogen. This great difeovery h&s 
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Water, contributed more perhaps than any other to the advance- 

--ment of the feience of chemiftry, by ftirnifhing a key 

Hiftoryof ^or t^ie explanati°n °f a prodigious number of pheno- 
the difeo- niena. The evidence, therefore, on which it refts, and 
very of its the obje&ions which have been made to it, deferve to 
compofi- be examined with peculiar attention. 

The fir ft perfon probably who attempted to difeover 
what was produced by burning hydrogen gas wasSclieele. 
He concluded, that during the combuftion oxygen and 

hydrogen combined, and that the product was caloric. 
In 1776 Macquer, aftifted by Sigaud de la Fond, fet 

fire to a bottle full of hydrogen gas, and placed a faucer 
above the flame, in order to fee whether any fuliginous 

fmoke would be produced. The faucer remained per¬ 
fectly clean ; but it was moiftened with drops of a clear 

*Macquersliquid, which they found to be pure water*. 
Visionary, Next year Bucquet and Lavoifier exploded oxygen 

anc* ky(*ro&en gas> anc* made an attempt to difeover 
what was the produ61; about the nature of which they 
had formed different conjectures. Bucquet had fuppo- 
fed that it would be carbonic acid gas ; Lavoifier, on 
the contrary, fufpeCted that it would be fulphuric or 
fulphurous acid. What the produCt was they did not 
difeover; but they proved that no carbonic acid gas was 

formed, and confequently that Mr Bucquet's hypothefis 

f Mem. P*r.was iJ1 founded f. 
1781,470. In the beginning of the year 1781, MrWarltire, at 

the requeft of Dr Prieftley, fired a mixture of thefe two 
gafes contained in a copper veffel; and obferved, that 
after the experiment the weight of the whole was dimi- 
nifhed. Dr Prieftley had previoufly, in the prefence of 
Mr Warltire, performed the fame experiment in a glafs 
veffel. This veffel became moift in the infide, and was 

t Prieftley, covered with a footy fubftance which Dr Prieftley 
v* 39J* afterwards fuppofed to be a part of the mercury ufed in 
§ PUL filling the veffel $. 

Tranf. In the fummer of 1781, Mr Henry Cavendifh, who 
«v*33 • [ia(j keen informed 0f the experiments of Prieftley and 

Warltire, fet fire to 500,000 grain meafures of hydrogen 
gas, mixed with about 2I times that quantity of com¬ 
mon air. By this procefs he obtained 135 grains of 

pure water. He alfo exploded 19,500 grain meafures 
of oxygen gas with 37,000 of hydrogen gas, and ob¬ 
tained 30 grains of water, containing in it a little nitric 
acid. From thefe experiments he concluded that water 
was a compound.—Mr Cavendifh muft therefore be con- 
fidered as the real difeoverer of the compofition of wa¬ 
ter. He was the firft who afeertained that water was 
produced by firing oxygen and hydrogen gas, and the 
firft that drew the proper conclufion from that faCl. Mr 
Watt, indeed, had alfo drawn the proper conclufion 
from the experiments of Dr Prieftley and Mr Warltire, 
and had even performed a number of experiments him- 
felf to afeertain the faCl, before Mr Cavendifh had com¬ 
municated his *, but he had been deterred from publifh- 

ing his theory by fome experiments of Dr Prieftley, 
H Rid. Irxv.which appeared contrary to it ||. He has therefore a 
^°* claim to the merit of the difeovery ; a claim, however, 

which does not affeCt Mr Cavendifh, who knew nothing 

of the theory and experiments of that ingenious philo- 
fopher. 
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Meanwhile, in the winter 1781*2, Mr Lavoifier, who 

had fufpeCted that when oxygen and hydrogen gas were 
exploded, fulphuric or fulphurous acid was produced, 
made an experiment in order.to afeertain the faCt, at 
which Mr Gingembre aftifted. Thby filled a bottle, ca¬ 
pable of holding fix pints (French), with hydrogen gas, 
to which they fet fire, and then corked the bottle, after 
pouring into it 2 oz. (French) of lime-water. Through 

the cork there paffed a copper tube, by means of which 
a ftream of oxygen gas was introduced to fupport the 
flame. Though this experiment whs repeated three 
times, and inftead of lime-water a weak folution of al¬ 

kali and pure water were fubftituted, they could not 

obferve any T^oduCl whatever *. This refult aftonifhed * Mem, 
Mr Lavoifier exceedingly; he refolved, therefore, to re-Pan 1781, 
peat the experiment on a larger fcale, and if pofiibleP*470. 

with more accuracy. By means of pipes furnifhed with 
flop-cocks, he put it in his power to fupply both gafes 
as they fhould be wanted, that he might be enabled to 
continue the burning as long as he thought proper. 

The experiment was made by Lavoifier and La Place 
on the 24th of June 1783, in the prefence of Meffrs 
Le Roi, Vandermonde, feveral other academicians, and 
Sir Charles Blagden, who informed them that Mr Ca¬ 
vendifh had already performed it, and that he had ob¬ 
tained water f. They continued the inflammation till f -W»V. 
all their flock of gafes was wafted, and obtained about P* 47** 
295 grains of water, which, after the moil rigid exa¬ 
mination, appeared to be perfeClly pure. From this 
experiment Lavoifier concluded, that water was com- 
pofed of oxygen and hydrogen. Mr Mopge foon after 

performed the fame experiment, and obtained a fimilar 
refult : and it was foon after repeated again by Lavoi¬ 
fier and Meufnier on a fcale fufficiently large to put the 
fa Cl beyond doubt ;£. \ UiJ. 

The proofs that water is a compoifhd are of two P* 474* 
kinds ; it has been actually compofed, and it has been T1 34? 

With regard to the compofition of water, we fliall fition of 
relate.the celebrated experiment made by Lavoifier and water. 

Meufnier in the month of February 178s, in the prefence v 343 

of a numerous deputation from the academy of fciences, mcn^of 
and fo many other fpeClators, that it may be confidered Lavoifier 
as having been performed in public. Every precaution a°d Meuf- 

was taken to enfure fuccefs. The gafes had been pre-,uer* 
pared with care, and held for fome time over a folution 
of potafs, in order to deprive them of any acidity which 
they might accidentally contain ; and before entering 
into the glafs globe where they were to be burnt, they 
were made to pafs over newly calcined potafs, to de¬ 
prive them of the water which they might happen to 
retain in folution. The hydrogen gas had been obtain¬ 
ed by pafiing (team through iron at a white heat ; the 
oxygen gas was procured from the red oxide of mercu¬ 
ry. The combuftion took place in a large glafs globe, 
into which the gafes were admitted by means of tubes 
furnifhed with flop-cocks; and the moft ingenious con- ! 
trivances were employed to afeertain exaClly the quan¬ 
tities of each which were confumed (y). The whole 
machine is deferibed at large by Mr Meufnier in the 
Memoirs of the Academy of Sciences for 1782. 

O o The 

(y) A variety of inflruments have been invented by the French chemiils for that purpofe* Thefe inftrilments 

they have denominated Gazometers. 
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The quantities of gas employed, after deducing the 

'432 grains of refiduum which were not confumed, were 

2794,76 grains of oxygen gas, and 471,125 of hydro¬ 
gen gas. After taking from thefe 32,25 grains, = the 
humidity of which the oxygen gas was deprived by the 

calcined potafs, and 44,25 grains, = the weight which 
the hydrogen loft by the fame procefs, there remains 

altogether 3188,4 grains of gas. 
The quantity of water obtained amounted to 3219 

grains; the fpecific gravity of which was to diftilled wa¬ 

ter as 1,0051 to This quantity was 30 grains more 
than the gas employed. The difference, no doubt, was 
owing to a fmall error in eftimating the weight of the 

gafes; which indeed it is extremely difficult to avoid, as 
the weight is altered by the fmalleft difference of tem¬ 
perature. This water had a flight fmell, and a tafte 
fenfibly acid; it reddened (lightly blue paper, and effer- 

vefeed with the carbonat of potafs. 1152 grains of that 
water being faturated with potafs, and evaporated to dry- 

nefs, left 20 grains of a fait which melted on the fire like 
nitre. It follows from this experiment, that the quantity 
of acid contained in the whole water would not have 
been quite fuflicient to have formed 56 grains of nitre. 

The refiduum weighed, as has been already obferved, 

432 grains; its volume was equal to 444 grains of 
oxygen gas 5 it was diminifhed by nitrous gas (2) 
precifely as gas would be which contained 0,24 parts 
of oxygen ; it rendered lime-water fomevvhat turbid, 

which indicated the prefence of carbonic acid gas. 
From the* coniparifon of the weights, and volumes of 

the gafes confumed, it was concluded that water con- 

fifts of 0,85 parts, by weight, of oxygen, and 0,15 of 

hydrogen. 
This experiment was foon after repeated by Mr Le 

merit of Le Fevre de Gineau upon a ftill larger fcale, and in the 
Fevrt de prefence of a great number of fpedfatons. It continued 

fQr nQ kp, ttian I2 days, and was performed with the 

moft rigorous exadtnefs of which experiments of that 

344 
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Gireau. 

* Journ. de nature will admit*. 
JPbyf 1788, The oxygen gas employed, which had been procured 
P‘457* from the black oxide of manganefe, occupied .the fpace 

of 35085,1 cubic inches, and weighed 18298,5 grains. 
The hydrogen gas was obtained by diffolving iron in 

diluted fulphuric acid. Its volume was 7496,7 cubia 

inches, and its weight 4756,3 grains. 
Grains. 

The two gafes therefore amounted to - 23054,8 

From which taking the refiduum after corn- 

bullion, which amounted to 2831,0 

There remains for the quantity confumed 20223,8 
The water found in the glafs globe after the combuf- 

tion amounted to 20139,0 

And there were carried off by the refiduum 54>° 

In all - - 20193,0 

Which is juft 30 grains lefs than the weight of the gafes 
which difappeared, or T part of their weight. This 
jjiffer ence arofe from the fame difficulties which atteiid- 
iff\ the experiment of Lavoifier. As the errors are on 

.different fides, we are warranted to conclude that this 
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was the cafe, and that it was not owing to any real dif- Water, 
ference between the gafes and the product. 

The water was examined in the prefence of Meffrs 
Lavoifier, Le Roi, Monge, Berthollet, Bayen, and Pel¬ 
letier. Its fpecific gravity was to that of diftilled wa¬ 

ter as 1,001025 to 1. It contained no fulphuric nor 
muriatic acids ; yet it had an acid tafte, and converted 
vegetable blues to a red. 6606 grains of it required 
for faturation 36 grains of carbonat of potafs, and fur- 
niflied by evaporation 26,5 grains of cryftals of nitre. 
The whole water, therefore, would have required 109,7 

grains of carbonat of potafs for faturation. 
This water affe&ed lime-water a little ; and it was 

found that the refiduum of the gas contained fome car¬ 
bonic acid gas. This refiduum formed a 19th part of 
the volume of the two gafes employed, and an eight of 
their weight. It contained 462 grains of carbonic acid 
gas, or about £th part; the reft was azotic gas, with 

about T-hfth of oxygen. 
This experiment gave the proportions of oxygen and 

hydrogen in water as follows : 
Oxygen - >848 

Hydrogen - - > *52 

1,000 
This is fo near the determination of Mr Lavoifier, that 

it muft be conlidered as a very ftrong confirmation of it. 
In the year 179>0, another fimilar experiment was£Xpe4ri. 

performed by Seguin, Fourcroy, and Vauquelin, in the merit of 
prefence of a number of commiffioners appointed by theSeguin> 

.Academy of Sciences. Every precaution was taken to^y™^ 
afeertain the quantity of gas employed with the utmoftqueIin# 

exa&nefs, and to exclude all atmofpherical air as com- 

pletely as poffible. 
The hydrogen gas was procured by diffolving zinc 

in fulphuric acid diluted with 7 parts of water. The 
oxygen gas was obtained by diftilling oxy-muriat of 

potafs (a). 

The quantity of hydrogen gas employed amounted 

to 862,178 grains troy. The quantity of oxygen gas 

amounted to 13475,198 cubic inches (French). Its 
purity was fuch, that it contained three cubic inches of 
azotic gas in the 100. The whole gas, therefore, con¬ 
tained 404,256 cubic inches. There were likewife in 
the glafs veffel in which the combuftion took place 15 
cubic inches (French) of atmofpheric air, which con¬ 
fided of xi cubic inches of azotic and four of oxygen 
gas. So that the whole oxygen gas employed amount¬ 

ed to 13074,942 cubic inches; and it contained be- 
fides 415,256 cubic inches of azotic gas. They ascer¬ 
tained by experiment, that a cubic inch of this oxygen 

gas, thus diluted with of azot, weighed ,4040 of 
a grain troy. Now, according to the experiments of 
Lavoifier, a cubic inch (French) of azotic gas weighs 

only ,3646 of a grain troy. Confequently the weight 
of pure oxygen gas is greater than ,4040 ; and by cal¬ 

culation they (hewed it to amount to ,40s1 °^a grain 
troy. The weight of the whole oxygen gas employed, 

therefore, was 5296,659 grains troy; and that of the 

azotic gas mixed with it 151,402 grains troy. 
The 

(z) This gas (hall be afterwards deferibed. It has the property of abforbing almoft inftantaneoufly the oxy¬ 

gen gas with which it comes into contact. It is therefore often ufed, in order to difeover how much oxygen 

gas exifts in any mixture. 
(a) A fait compofed of oxy-muriatic acid and potafs. 
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Water. The combuftion continued 185 hours; and during 

all that time our philofophers never quitted the labora¬ 
tory. The flame was exceedingly fmali, and the heat 
produced by no means great. This was owing to the 
very fmali dream of hydrogen, which was conftantly 

flowing into the veflel. 
The water obtained amounted to 5943,798 grains 

troy, or 12 oz. 7 dwts. and 15,798 grains. It exhi¬ 
bited no mark of acidity, and appeared in every refpedt 

to be pure water. Its fpecific gravity was to that of 

diftilled water as 18671 to 18670; or nearly as 1,000053 

to 1. 
The refiduum of gas in the veflel after combuftion 

amounted to 987 cubic inches (French) ; and on be¬ 
ing examined, was found to conflft of the following 

quantities of gafes: 
Azotic gas, ..... 467 cubic inches. 
Carbonic acid gas, ... 39 
Oxygen gas,.465 
Hydrogen gas, .... 16 

Total - - 987 

*The weight of which is as follows : 
Azotic gas,.170,258 gr. 
Carbonic acid gas, - - - - 23,306 

Oxygen gas,.*88,371 
Hydrogen gas,. 0,530 

troy. 

Total, - - 382,465 
Now the weight of the whole gafes 

employed was, - - - - 6310,239 gr. troy. 
That of the water obtained, and 

of the refiduum, .... 6326,263 

Or -------- 16,024 grains 
more than had been employed. This fmali quantity 
muft have been owing to common air remaining in the 
tubes, and other parts of the apparatus, in fpite of all 
the precautions that were taken to prevent it ; if it did 
not rather proceed from unavoidable errors in their va¬ 

luations. Gr Troy 
The quantity of azotic gas introduced wa3 151,178 
The quantity found in the refiduum was 170,258 

There was therefore a furplus of - - - 19,080 gr. 
As fufiicient precautions had been taken to prevent 

the introduction of carbonic acid gas, the quantity 
found in the refiduum muft have been formed during the 
procefs. There muft therefore have been a fmali quan¬ 
tity of carbon introduced. Now zinc often contains 
carbon, and hydrogen has the property of diffolving 
carbon : probably, then, the carbon was introduced in 
this manner. The carbonic acid found in the reliduum 
amounted to 23,306 grains, which, according to La- 
voifier’s calculation, is compofed of 8,958 grains of car¬ 
bon, and 14,348 grains of oxygen. 

Subtracting thefe 8,958 grains of carbon, and the 
,53o of a grain of hydrogen, which remained in the veflel, 
from the total of hydrogen introduced, there will remain 
852,690 grains for the hydrogen that difappeared. 

Subtracting the 14,348 grains of oxygen which en¬ 
tered into the compofition of the carbonic acid, and the 
refiduum of oxygen, which amounted to 188,371 grains, 

the quantity of oxygen that difappeared will amount 

to 5093,940 grains. 
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Hydrogen that difappeared, • 852,690 gr. troy. Water. 

0x)'gen.5°93>94° ' v ' 
Total, - - 5946,630 

Quantity of water obtained, 5943>79^ 

Which is lefs than the gafes 

confumed by. 2,832 grains *. * AHn.de 

Such are the principal experiments upon which the Chtm. viii. 
opinion is founded that water is a compound. Let us 225. 
examine them, and fee whether they are fufficient to 
eflablifli that opinion. The circumftances which chiefly 
claim our attention, and which have been chiefly infill¬ 
ed on, are thefe: 

1. The whole of the gafes was not confumed. Obfe&iom 
2. In the refiduum were found feveral fubftances to the com- 

which were not introduced, and which muft thereforepofition of 
have been formed during the combuftion. water exa- 

3. The water obtained was feldom perfedly pure.miLe * 
It generally contained fome nitric acid. 

4. As only part of the gafes were confumed, and as 
all gafes contain water in them, might not the gas 
which difappeared have been employed in forming the 
other fubilances found in the refiduum ? and might not 
the water obtained have been merely what was former¬ 
ly diflolved in the gafes, and which had been precipi¬ 
tated during the experiment ? 

That the whole of the gafes was not confumed will 
not furprife us, if we recoiled that it is impoffible for 
that to take place, allowing them to be perfedly pure, 
except they be mixed in precifely the proper propor¬ 
tions ; and not even then, except every particle of them 
could be raifed to the proper temperature. Now how 
can this be done in experiments of that nature ? 

But how is it pofiible to procure a large quantity of 
gas completely pure ? And fuppofing it were pofiible, 
how can every particle of atmolpheric air be excluded ? 
In the laft experiment, notwithftanding every precau¬ 
tion, 15 cubic inches (French) were admitted ; and 
there isreafon to believe from the refults, that the quan¬ 
tity was even conflderably greater than this. But if 
any atmofpheric air be admitted, there muft be a refi¬ 
duum of azotic gas. 

I11 the firft experiment, it had been previoufly afeer- 
tained that the oxygen gas employed contained T\th 

of azotic, or about 233,05 grains ; and the refiduum 
contained at moft 329,1 grains, or 96,05 grains more 
than what had for certain pre-exifted in the gafes. 

In the fecond experiment, the azot in the refiduum 
amounted at moft to -gth of the oxygen gas employed. 
But the oxygen was procured from the black oxide of 
manganefe, which always yields a quantity of azot as 
well as of carbonic acid. It has been afeertained, that 
the azot, mixed with oxygen gas procured in that man¬ 
ner, often exceeds |th. 

In the third experiment, the azotic gas found in the 
refiduum amounted to 170,258 grains; and the quanti¬ 
ty contained in the gafes before combuftion amounted 
to 151,178 grains : the furplus, therefore, amounted to 
19,08 grains. 

Now, is it not much more probable that thefe incon- 
fiderable quantities of azot, which in the laft experi¬ 
ment amounted to no more than y-fT part by weight 

of the whole gas employed, pre-exifted in the gafes be¬ 
fore the combuftion began, though their extreme mi- 
nutenefs prevented them from being difeovered, than 
that they were formed during the experiment : a fup- 

O o 2 pofition 
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pofition winch is dire&ly contradi&ed by a great num¬ 

ber of well afcertained fa&s. 
As to the carbonic acid gas, which in the fecond ex¬ 

periment amounted to *Vth of the gafcs employed, it 
was evidently derived from the manganefe, which al- 
moft conftantly contains it. And when carbonic acid 
is once mixed with oxygen, it is difficult to feparate it 

by means of lime-water, except a large quantity be ufed, 
as Mr Cavendiffi has well obferved. The reafon is, that 
oxygen gas has the property of diffolving carbonic acid, 

as Mr Welter has remarked *. Mr le Fevre de Gineau 

afcertained by experiment, that 1870 cubic inches of oxy¬ 
gen gas, which did not affe<ft lime-water, loft between 

yETth and ^th of its weight when wafhed in milk of 

lime (b). 
In a fecond experiment, he previoufly wafhed the two 

gafes in milk of lime, and the refiduum after combuftion 
contained no carbonic acid gas. In a third experiment 
he wafhed only the oxygen, and obtained products e- 

qually free from carbonic acid. It is certain, then, that 

the carbonic acid is but an accidental mixture. As to the 
carbonic acid of the third experiment above related, 
which amounted only to part of the gafes employ¬ 

ed, the fource of it has been already pointed out. 
As to the nitric acid, the quantity of nitre obtained 

in Mr Lavoifier’s experiment was 56 grains ; which, ac¬ 
cording to Mr Kirwan’s calculation, contain 30,156 

grains of nitric acid ; a quantity confiderably lefs than 
Ts^th part of the gafes which difappeared. In the fe¬ 

cond experiment, the nitre obtained amounted to 80,7 

grains ; which, according to Kirwan, contain 43*456 
grains of nitric acid, or lefs than ^-f^th part of the gafes 
confumed. Now, as nitric acid is compofed of oxygen 
and azot, both of which were prefent in the veffel, it is 

eafy to fee how it was produced. And that its pro¬ 
duction is merely accidental, and not neceffary, is evi¬ 

dent from the laft experiment, in which no nitric acid 
was formed. It has been afcertained, indeed, that the 
formation of this acid during thefe experiments is quite 
arbitrary. It never is formed when the combuftion 

goes on fo (lowly as to produce but little heat, as Se- 
guin has afcertained f ; becaufe oxygen and azot. do 
not combine except at a high temperature. Nor is it 
formed even at a high temperature, as Mr Cavendifh 

has proved J, except there be a deficiency of hydrogen; 
becaufe hydrogen has a ftronger affinity for oxygen 

than azot has. 
The quantity of water obtained in the firft expe¬ 

riment was juft 30 grains more than the weight of the 
gafes which had difappeared : the water obtained in 

the fecond was precifely 30 grains lefs than the gafes 
confumed : and in the third experiment, the difference 

was only 16 grains. The quantities of gas operated 
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upon were large ; in all of the experiments feveral thou- Water, 

fand grains, and in one of them above 20 thoufand, 
Now, how is it poffible that the water produced ffiould 
correfpond fo exactly with the gafes confumed (for the 

differences are fo fmall as not to merit any attention), 
unlefs the water had been formed by the combination 

of thefe gafes ? 
Dr Prieftley, however, who made a great many ex¬ 

periments on thrs fubjeCt, drew from them a very diffe¬ 
rent conclufion ; and thought he had proved, that du¬ 
ring the combuftion the two gafes combined, and that 

the combination was nitric acid. This theory was adopt¬ 
ed, or rather it was fuggefted, by Mr Keir, who has 
fupported it with a great deal of ingenuity *. * Keir*s 

Let us examine thefe experiments of Dr Prieftley f, DiSiionary, 

and fee whether they warrant the conclulions he hasart* Nitrm 
drawn from them. The gafes were exploded in veffels^"^ 

of copper. He found that the quantity of water ob-^^* 
tained was always lefs than that of the gafes which he^ss. 
had ufed. He obtained alfo a confiderable quantity of 
nitric acid. In the experiment made on the largeft 
quantity of the gafes, and from which he draws his 
conclufions, the quantity of liquid obtained amounted 

to 442 grains. This liquid was examined by Mr Keir. 
It was of a green colour, 72 grains of brown oxide of 
copper were depofited in it, and it contained a folution 
of nitrat of copper (copper combined with nitric acid). 
Mr Keir analyfed this liquor : It confided of pure wa¬ 
ter and nitrat of copper ; and Mr Keir concluded that 

the nitric acid formed amounted to th of the oxygen 
gas employed. Mr Berthollet, however, has fhewn that 
it could not have amounted to more than ^th part J. \ Ann de 
Let us fuppofe, however, that it amounted to -55-th. A c^tm* 

quantity of oxygen and hydrogen gas has difappeared : 
What has become of them ? They have combined, fays 
Dr Prieftley, and formed nitric acid. This nitric acid 
is only ^th of their weight: Dr Prieftley fuppofes, 

however, that it contains the whole oxygen and hydro¬ 

gen that exifted in thefe gafes, and that all the reft of 
the weight of thefe gafes was owing to a quantity of 
water which they had held in folution. Oxygen gas, 
then (for we fhall negledt the hydrogen, which Dr 
Prieftley was not able to bring into view at all), is com¬ 

pofed of one part of oxygen and 19 of water. Where 

is the proof of this ? Dr Prieftley informs us, that he 
afcertained by experiment that half the weight of car¬ 

bonic acid gas was pure water. Suppofing the experi¬ 

ment accurate (c), what can be concluded from it? 
Surely to bring it forward in proof, that oxygen gas 
confifts of 4§th parts, or almoft wholly of water, is 
downright trifling. It is impoffible, therefore, from 
Dr Prieftley’s experiments, allowing his fuppofitions and 

conje&ures their utmoft force, to account for the difap- 
pearing 

(b) Lime mixed with water till it is of the thicknefs of milk, or rather of cream. 
(c) He informs us that the carbonat of barytes does not yield its carbonic acid by means of heat (this Dr 

Hope has fliewh to be a miftake) ; but that, when the vapours of water are paffed over it, the gas is difengaged: 
and he determines, by the water miffing, how much has combined with the gas. According to him, 60 grains 

of water enter into the compofition of 147 grains of gas. But, befides affigmng too fmall a weight to the gaa, 
he forgot that its temperature was high, and that therefore it was capable of combining with much more water 
than in its ufual ftate : nor did he aicertain whether more of this water was depofited on the veflels ; and yet, 
by negleding this precaution, Morveau has fhewn fthat Mr Kirwan, in a fimilar experiment, obtained a reluit 

nine times greater than it ought to have been. EncycL Method\ Chim. art. Air. 
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Water, pearlng of the two gates, or the appearance of the wa- 

• -*-ter, without admitting that this liquid was adually 
compofed of oxygen and hydrogen. If we add to this, 
that no oxygen gas has hitherto (as far as we know at 
leail) been procured abfolutely free from fome admix¬ 

ture of azot, and that his oxygen was always procured 
cither from red oxide of lead, or from black oxide of 
manganefe, or red oxide of mercury, all of which fub- 
ilances yield a confiderable proportion of azot; that in 

one experiment, in which he obferves that his oxygen was 
very t>ure> as it had been obtained from red oxide of mer¬ 
cury, Mr Berthollet (d) afcertained, by adually making 

the experiment, that part of the very fame oxide which 
Dr Prieftley had employed yielded a gas, yd of which 

* Ann.de was azot *; if we add, that it has been proved beyond 
Cbim. 'uu the poffibility of doubt, and to Dr Prieftley's own fa- 
94* tisfadion, that nitric acid is compofed of oxygen and 

azot—-we (hall find it no difficult matter to explain the 

origin of that acid in Dr Prieftley’s experiments : and 
if we recoiled that in Seguin’s experiment, upon a 
much larger fcale indeed than Dr Prieftley’s, no nitric 
acid at all was formed, it will be impoffible for us to 
believe for a moment that the compound formed by 
oxygen and hydrogen is nitric acid. *1 hus Dr Prieft- 
ley’s experiments rather confirm than deflroy the theo¬ 
ry of the compofition of water. We obtain from them, 
however, one curious piece of information, that the pre¬ 
fence of copper increafes the quantity of nitric acid 
formed. This curious fad, with a variety of others of 
a fimilar nature, will perhaps afterwards claim.our at¬ 
tention ; but at prefent we mult confider another theory 
which this phenomenon fuggefted, and which was firil 

propofed, we believe, by Mr de la Metherie (e). 

Had the French chemifts, it has been faid, employed 
copper veflels in their experiments, they would have ob¬ 

tained three times the quantity of nitric acid. This 
acid, therefore, mull in their experiments have been de- 
compofed, after having been formed, for want of a bafe 
to combine with ; and the azot which appeared in the 
refiduum was owing to this decompofition. Hydrogen 
and oxygen, therefore, do not form water, but azot (f). 

Let us examine the experiment of Mr Le Fevre by this 
theory, as the quantity of azot was accurately afcer¬ 
tained. The nitric acid obtained amounted to 43,456 

grains; three times that quantity is 130,36^ grains, 
into which 23054 grains of gas were converted ; which 
is impoffible. Or even fuppofing that the decompofition 
had been going on during the whole experiment, which 
is direftly contrary to Dr Prieftley’s experiments, and 
which there is no reafon whatever to fuppofe, but every 
reafon againft—ftill the whole azot amounted only to 
4-th of the quantity of gas employed, allowing this gas 
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to have contained no azot, which was evidently not the 
cafe. It appears, then, that this hypothefis, even if it 

could be admitted, would be totally inadequate to ac¬ 
count for the phenomena. But if we were to examine 
it by Mr Seguin’s experiment, its abfurdity would be 

ftill more glaring. In that experiment the azotic gas 
amounted to only 19 grains, and the quantity of gas 

which difappeared was 594^ grains : fo that were the 
hypothefis true, oxygen and hydrogen gas would con- 

fift of one part of oxygen and hydrogen and 3 i 2 parts 
of water ; a fuppofition fo enormoufly abfurd, that it is 

impoffible for any perfon even to advance it. 
It is impoffible, therefore, for the phenomena which 

attend the combuftion of oxygen and hydrogen gas to 

be accounted for in any way cordiftent with common 

fenfe, except we fuppofe that water is formed, 347 
But the experiments above related, conclufive as they Decompo- 

appear, are not the only ones by which this important fition of 

fad has been afcertained. * Meffrs Van Tvooftwyk andwater* 
Dieman, affifted by Mr Cuthbertfon, filled a fmall glafs 

tube, 4th of an inch in diameter and 12 inches long, 

with diftilled water. One end of this tube was fealed 
hermetically ; but, at the fame time, a fmall gold wire 
had been paired through it. Another wire palled thro’ 
the open end of the tube, and could be fixed at greater 
or fmaller diftances from the firft wire. By means of 
thefe wires, they made a great number of eledrical ex- 
plofions pafs through the water. Bubbles of air ap¬ 
peared at every exploiion, and colleded at the top of 
the tube. When eledric fparks were pafted through tins 
air, it exploded and difappeared almoft completely. It 
muft therefore have confiftcd of a mixture of oxygen 
and hydrogen gas, and this gas muft have been formed 
by the decompofition of the water : for they had taken 
care to deprive the water before hand of all its air, and 
they ufed every precaution to prevent the accefs of at- 
mofpherical air; and, befides, the quantity of gas pro¬ 
duced did not diminilh, but rather increased, by con¬ 
tinuing to operate a number of times upon the fame 
water, which could not have been the cafe had it been 
merely air difiolved in water : nor would atmofpherical 

air have exploded and left only a very fmall reliduum, 
not more than T\jth part. They had taken care alfo 
to prove that the ele&ric fpark did not contribute to 
form hydrogen gas ; for on paffing it through fulphu- 

ric and nitric acids, the product was not hydrogen, but 

oxygen gas *. * Jour, fo 

Thefe experiments have been fince repeated by Dr Phyf.mx« 

Pearfon, affifted by Mr Cuthbertfon. He produced, 369- 
by means of ele&vicity, quantities of gas from water, 

amounting to 56,54^ cubes of i^jth pf 311 inch each 5 
on nitrous gas being added to which, it fullered a dimi- 

/D) Mr Berthollet had fupplied Dr Prieftley with the oxide. He had received two.ounce* of it from Mr Le 

Blanc, one of which he fent to Dr Prieftley, and the other he referred. 
e) Another favourite theory of La Metherie wan, that gafes themfelves are deft,tute of gravity, and that 

they owe their whole weight to the water with which they are combined : that during combuftion the water of 
the^two gafes is depofited; and that the gafes themfelves efcape through.the veffel and are loft He complains 

bitterTy that this theory had never been noticed by his antagonifts ; as if it were neceffary to_refute a hypothefis 
which is not fupported by any proof whatever, and as if it had not been proved that oxygen increafes the weight 

°^^Ta,rHsl^as has^been^omierly^explained', was the original opinion of Dr Prieftley ; to which, though he does 

not expiain him felf fully. he evidently ftill adheres. There is then no difference between Ins theory and this, 

except what relates to the decompofition of the nitric acid. 
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CHEMISTRY. 
nut ion of hulk, and nitrous acid appeared to have been 
for med : It mull therefore have contained oxygen gas. 
When oxygen gas was added to the remainder, and 
an tlechic fpark pafled through it, a diminution took 
place precifely as when oxygen and hydrogen gas are 

mixed : It mull therefore have contained hydrogen. 
When an electric fpark was paffed through the gas 
thus produced from water, the gas difappeared, being no 

sdoubt converted into water*. 

Such are the proofs by which the compound nature 
of water is ascertained ; and we do not believe that any 
phyfical fa61 whatever can be produced which is fup- 
ported by more complete evidence. 

But what becomes of the caloric which wa6 previ- 
oufly combined with thefe gafes ? It paffes through the 
veil'd and is loft, and its weight is too inconfiderable to 

make any fenfible variation in the quantity of the pro- 
duel. If we were to judge from analogy', we would 
conclude, that the oxygen and hydrogen, while in the 
Hate of gas, are probably fomewhat lighter than after 
they are condenfed into water ; but the difference, if it 
exifts, can fcarcely be fenfible. 

Water is capable of combining with a vaft number of 

fubftances : all bodies, indeed, which are foluble in wa¬ 
ter form a chemical union with it. 

Its affinity for other bodies is doubtlefs various, tho’ 
we have no method of afeertaining this difference, ex¬ 
cept iu thofe bodies which have no affinity, or but a 
very fmall affinity, for each other ; and it is only in 
a few even of thefe that this difference can be afeer- 

tained. If muriat of barytes be poured into lime-wa¬ 
ter, the lime is precipitated, owing, no doubt, to the fu- 
perior affinity of the muriat for water. Several very 

curious inftances of the affinity of different falts for wa¬ 
ter have been mentioned by Mr Quatremere Dijonval. 

When the folutions of nitrat of lime and nitrat of mag- 
nefia in water are mixed together, the nitrat of magne- 

fia is precipitated. Muriat of magnefia is alfo precipi¬ 
tated by muriat of lime, and fulphat of magnefia by 
fulphat of lime ; fo that it would feem that the falts 
which have magnefia for their bafis, have a lefs affinity 
for water than thofe whofe bafis is lime f. 

Water has the property of diffolving oxygen gas. 
If a quantity of common air be confined for fome time 
above water, the whole of the oxygen is abforbed, and 

nothing but the azotic gas remains. This fa6f was firft 
obferved by Mr Scheele. 

Chap. II. Of Alcohol. 

Wine has been known from the earlieft ages. The 
Scriptures inform us, that Noah planted a vineyard 

and drank wine; and the heathen writers are unanimous 
in aferibing the invention of this liquor to their earlieft: 
kings and heroes. Beer, too, feems to have been difeo- 
vered at a very remote period. It was in common ufe 

in Egypt in the time of Herodotus Tacitus informs 
11s, that it was the drink of the Germans §. Whether 
the ancients had any method of procuring ardent fpirits 
from thefe or any other liquors, does not appear. The 
Greeks and Romans feem to have been ignorant of ar¬ 
dent fpirits altogether, at leaft we can difeover no tra¬ 
ces of any fucli liquor in their writings. But among 
the northern nations of Europe, intoxicating liquors 

were in ufe from the earlieft ages. Whether thefe li 
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quors refembled the beer of the Germans, we do not Alcohol, 
know. It is certain, at leaft, that the method of procu- v-—^ 
ring ardent fpirits by dillillation was known in the dark 
ages ; and it is more than probable that it was pra6lifed 
in the north of Europe much earlier. They are mention¬ 
ed exprefsly by Thaddeus, Villanovanus, and Lully *.* Berg. 4^ 

Ardent fpirits, fuch as brandy, for inftance, rum, andart' li,4‘ 

wliifky, confift almoft entirely of three ingredients, wa-Merhod of 
ter, alcohol or fplrit of wtne, to which they owe theirprocuriag 
ftrength, and a fmall quantity of a peculiar oil, to which 
they owe their flavour. 

The alcohol may be feparated from the water by the 
following procefs. Into the whifky or other ardent fpi¬ 

rit a quantity of potafs is to be put, which has juft imme¬ 
diately before been expofed for about half an hour in a 
crucible to a red heat, in order to deprive it of moifture. 
Potafs in this ftate has a ftrong attradlion for water; it » 
accordingly combines with the water of the fpirit, and 

the folution of potafs thus formed finks to the bottom of 
the veffel, and the alcohol, which is lighter, fwims over 

it, and may eafily be decanted off; or, what is perhaps 
better, the folution of potafs may be drawn off from be¬ 

low it by means of a flop-cock placed at the bottom of 
the veffel. It is impoffible to fix the quantity of potafs 
which ought to be ufed, becaufe that muft depend en¬ 
tirely on the ftrength of the fpirit ; but it is of no con- 
fequence though the potafs employed be a little more 
than enough. The alcohol thus obtained contains a 
little potafs diffolved, which may be feparated by didd¬ 
ling it in a water bath with a very fmall heat. The al¬ 

cohol paffes over, and leaves the potafs behind. It is 
proper not to diftfl to drynefs. This procefs is firft 

mentioned by Lully. Alcohol may be obtained in the 
fame manner from wine and from beer ; which liquids 
owe their ftrength entirely to the quantity of that fub- 
ftance which they contain. 

Alcohol is a tranfparent liquor, colourlefs like water, [tsproper- 
of a pleafant fmell, and a ftrong penetrating agreeableties* 
tafte. 

It is exceedingly fluid, and has never been frozen, 
though it has been expofed to a cold fo great that the 
thermomer flood at —69° f. j At Hud- 

Its fpecific gravity when pure is about 0,800. Jon's Bay. 
It is exceedingly volatile, boiling at the temperature 

of 176°; in which heat it affumes the form of an elaftic 
fluid, capable of refilling the preffure of the atmofphere, 
but which condenfes again into alcohol when that tem¬ 

perature is reduced. In a vacuum it boils at 56°, and 
exhibits the fame phenomena; fo that were it not for 
the preffure of the atmofphere, alcohol would always 
exifl in the form of an elaflic fluid, as tranfparent and 
invifible as common air. This fubjedl was firft exa¬ 
mined with attention by Mr Lavoifier £. The fa6lJourn.de 

however, had been known long before, Pfyf.i785. 

Alcohol has a ftrong affinity for water, and is mif- 
cible with it in all proportions. The fpecific gravity of 
all the different mixtures, in every proportion, and in 
all the different degrees of temperature, from '32° to 
IOO , has been lately afeertained with great accuracy by 
Sir Charles Blagden and Mr Gilpin. But as a very full 
account of thefe interefting experiments has been given 

in the Encyclopedia in the article Spirituous Liquors, 
we do not think ourfelves at liberty to repeat it here. 

If alcohol be fet on fire, it burns all away with 

a blue flame without leaving any reftduum. Boerhaave 

obferved. 
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obferved, that when the vapour which efcapes during 
this combuftion is colle&ed in proper veffels, it is found 
to confift of nothing but water. Junker had made the 
fame remark : and Dr Black fufpe&ed, from his own 
obfervations, that the quantity of water obtained, if 
properly colle&ed, exceeded the weight of the alcohol 
confumed. This obfervation was confirmed by Lavoifier; 
who found that the water produced during the com¬ 
buftion of alcohol exceeded the alcohol confumed by 
about 4th part*. 

Different opinions were entertained by chemifts about 
the nature of alcohol. Stahl thought that it was com- 
pofed of a very light oil, united by means of an acid 
to a quantity of water. According to Junker, it was 
compofed of phlogifton, combined with water by means 
of an acid. Cartheufer, on the other hand, affirmed, 

that it contained no acid, and that it was nothing elfe 
than pure phlogifton and water. But thefe hypothefes 
were mere affertions fupported by no proof whatever. 

Lavoifier was the firft who attempted to analyfe it. 
He fet fire to a quantity of alcohol in clofe veffels, 

by means of the following apparatus ; BCDE (fig. 6.) 
is a veffel of marble filled with mercury. A is a ftrong 
glafs veffel placed over it, filled with common air, and 
capable of containing about 15 pints (French). Into 
this veffel is put the lamp R filled with alcohol, the 
■weight of which has been exa&ly determined. On the 
wick of the lamp is put a fmall particle of phofphorus. 
The mercury is drawn up by fusion to the height IH. 
This glafs communicates by means of the pipe LK with 
another glafs veffel S filled with oxygen gas, and placed 
over a veffel of water T. This communication may be 
fhut up at pleafure by means of the ftop-cock M. 

Things being thus difpofed, a crooked red-hot iron 
wire is thruft up through the mercury, and made to 
touch the phofphorus. This inftantly kindles the wick, 
and the alcohol burns. As foon as the flame begins to 
grow dim, the ftop-cock is turned, and a communica¬ 
tion opened between the veffels S and A; a quantity of 
oxygen gas rufhes in, and reftores the brightnefs of the 
flame. By repeating this occafionally, the alcohol may 
he kept burning for fome time. It goes out, however, 
at laft, notwithstanding the admiffion of oxygen gas. 

The refult of this experiment, which Mr Lavoifier 
repeated a great number of times, was as follows : 

The quantity of alcohol confumed amounted to 

76,7083 grains troy. 
The oxygen gas confumed amounted to 266,82 cu- 

bic inches, and weighed 90, ^06 grains troy. 
The whole weight of the fubftances confumed, there¬ 

fore, amounted to 167,2143 grains. 
After the combuftion, there were found in the glafs 

veffel H5)4i cubic inches of carbonic acid gas, the 
weight of which was 78,1192 grains troy. There was 
likewife found a confiderable quantity of water in the 

veffel, but it was not poffible to colled and weigh it. 
Mr Lavoifier, however, eftimated its weight at 89,0951 
grains; as he concluded, with reafon, that the whole 
of the fubftances employed were ftill in the veffel. Now 
the whole contents of the veffel confifted of carbonic 
acid gas and water; therefore the carbonic acid gas 
and water together muft be. equal to the oxygen gas 

and alcohol which had been confumed. 
But 78,1192 grains of carbonic acid gas contain, 

according to Mr Lavoifier’s calculation!, 55,279 grains 

of oxygen : 90,506 grains, however, of oxygen gas had 
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dlfappeared ; therefore 35,227 grains muft have been 
employed in forming water. 

35,227 grains of oxygen gas require, in order to 
form water, 6,038 grains of hydrogen gas ; and the 
quantity of water formed by this combination is 41,265 
grains. But there were found 89,095 grains of water 
in the glafs veffel ; therefore 47)83 grains of water mufi 
have exifted ready formed in the alcohol. 

It follows from all thefe data, that the 76,7083 grains 

of alcohol, confumed during the combuftion, were com¬ 
pared1 of 

22,840 Carbon, 

6,038 Hydrogen, 
47,830 Water. 

76^* * Mem, 

Such were the confequences which Mr Lavoifier drew 17840 
from his analyfis. He acknowledged, however, that 
there were two fources of uncertainty, which rendered 
his conclufions not altogether to be depended upon. 
The firft was, that he had no method of determining the 
quantity of alcohol confumed, except by the difference 
of weight in the lamp before and after combuftion ; and 
that therefore a quantity might have evaporated with¬ 
out combuftion,* which, however, would be taken into 

the fum of the alcohohconfumed. But this error could 
not have been great ; for if a confiderable quantity of 
alcohol had exifted in the ftate of vapour in the veffel, 
an explofion would certainly have taken place. The 
other fource of error was, that the quantity of water 
was not known by a&ual weight, but by calculation, 354 

To this we may add, that Mr Lavoifier was not war-Ingredients 
ranted to conclude from his experiment, that the water alc°k°k 
found in the veffel, which had not been formed by the 
oxygen gas ufed, had exifted in the alcohol in the ftate 
of water ; he was intitled to conclude from his data, that 
the ingredients of that water exifted in the alcohol be¬ 
fore combuftion ; but not that they were a£tually com¬ 
bined in the ftate of water, becaufe that combination 
might have taken place, and in all probability did part¬ 
ly take place, during the combuftion. It follows, there¬ 
fore, from Mr Lavoifier’s experiments, that alcohol,., 
fnppofing he ufed it perfectly pure, which is not pro-- 
bable, is compofed of 

0,2988 parts carbon,- 
0,1840 parts hydrogen, 
0,5 1 7 2 parts oxygen., 

i,cooo 
But it gives us no information whatever of the manner? 

in which thefe ingredients are combined. That alcohoL 
contains oxygen, has been proved by a very ingenious 
fet of experiments performed by Meffrs Fourcroy and; 
Vauquelin. When equal parts of alcohol and fulphuric 
acid are mixed together, a quantity of caloric*is difen-' 
gaged, fufficient to elevate the temperature of the mix-' 
ture to 190°. Bubbles of air are emitted, the liquor be-* 
comes turbid, affumes an opal colour, and at the end of ; 
a few days a deep red. When examined, the fulphuric 
acid is found to have fuffered no change ; but the alco-' 
hoi is decompofed, partly converted into water and part¬ 
ly into ether, a fubftance which we (hall deferibe imme¬ 
diately. Now, it is evident that the alcohol could not 
have been converted into water unlefs.it had contained: 
oxygen *. #'Nhf,oh 

When equal parts of fulphuric acid and alcoholarcfon'sJcvr~ 
mixed together and heat applied, the mixture boils ntnai) u 35' 

208%. 
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Alcohol, 208°, and a liquid equal to half the weight of the alco- 

“v-hoi comes over into the receiver. This liquid is ether. 
Ether is obfcurely hinted at in fome of the older che- 

Cr* mi cal authors, but little attention was paid to it till a 
paper appeared in the Pliilofophical Tranfa&lons for 

J73°> written by a German, who called himfelf Frobe- 
nius (g), containing a number of experiments on it. 
In this paper it firft received the name of ether. 

Its proper- Ether is limpid and colourlefs, of a very fragrant 
ties. fmell, and a hot pungent tafte. Its fpecific gravity is 

0,739a. It is exceedingly volatile, boiling in the open 

air at 98°, and in a vacuum at —20°. Were it not 
therefore for the preffure of the atmofphere, it would 

always exilt in a gafeous (late. Ether unites with wa¬ 
ter in the proportion of ten parts of the latter to one of 

* Count de the former*. It is exceedingly inflammable, and, when 
Zauraguais. kindled in the ftate of vapour, burns with rapidity, or 

rather explodes, if it be mixed with oxygen gas. 

Theory of Chemiffs entertained various opinions refpe&ing the 
its forma- nature of ether. Macquer fuppofed that it was mere- 
tion. ly alcohol deprived by the acid of all its water. But it 

was generally believed that the acid entered partly into 
its compofition. Since the nature of acids has become 
better known, a great number of philofophers have fup¬ 
pofed that ether is merely alcohol combined with a quan¬ 
tity of oxygen furniihed by the acid. The real compo- 
fition of this Angular fubflance has been lately afcertain- 

ed by the experiments of Fourcroy and Vauqudin. 
“ A combination (fay they) of two parts of fulphu- 

ric acid and one part of alcohol elevates the tempera¬ 
ture to 2010, becomes immediately of a deep red co¬ 

lour, which changes to black a few days afterwards, 

and emits a fmell perceptibly ethereal. 
<< When we carefully obferve what happens in the 

combination of equal parts of alcohol and concentrated 

iulphuric acid expcfed to the adlion of caloric in a pro¬ 
per apparatus, the following phenomena are feen : 

“ i. When the temperature is elevated to 208°, the 

fluid boils, and emits a vapour which becomes conden¬ 
se! by cold into a colourlefs, light, and odorant liquor, 
which from its properties has received the name of ether. 
If the operation be properly conduced, no permanent 
gas is difengaged until about half the alcohol has paffed 
over in the form of ether. Until this period there paffes 

abfolutely nothing but ether and a fmall portion of wa¬ 
ter, without mixture of fulphurous or of carbonic acid. 

« 2. If the receiver be changed as foon as the fulphu¬ 

rous acid manifefts itfelf, it is obferved that no more 
ether is formed, but the fweet oil of wine, water, and 
acetous acid, without the difengagement hitherto of a 

Angle bubble of carbonic acid gas. When the fulphu- 

ric acid conllitutes about four-fifths of the mafs which 
remains in the retort, an inflammable gas is difengaged, 
which has the fmell of ether, and bums with a white 
oily flame. This is what the Dutch chemiffs have call¬ 
ed carbonated hydrogen gas, or olejiant gas, becaufe when 
mixed with the oxy-munatic acid it forms oil. At this 
period the temperature of the fluid contained in the re¬ 

tort is elevated to 230° or 2340. 
“ 3. When the fweet oil of wine ceafes to flow, if the 

receiver be again changed, it is found that nothing more 
paffes but fulphurous acid, water, carbonic acid gas; and 
that the refiduum in the retort is a black mafs, confiding 

for the mod part of fulphuric acid thickened by carbon. 

Part II. 
“ The feries of phenomena here expofed will juftify Alcohol, 

the following general indu&ions : 

“ 1. A fmall quantity of ether is formed fpontane- 
oufly, and without the affidance of heat, by the combi¬ 
nation of two parts of concentrated fulphuric acid and 
one part of alcohbl. 

“ 2. As foon as ether is formed, there is a produc¬ 
tion of water at the fame time ; and while the firft of 

thefe compofitions takes place, the fulphuric acid under¬ 
goes no change in its intimate nature. 

Cl6 3. As foon as the fulphurous acid appears, no more 
ether is formed, or at lead very little ; but then there 
paffes the fweet oil of wine, together with water and 
acetous acid. 

“ 4. The fweet oil of wine having ceafed to come 

over, nothing further is obtained but the fulphurous and 

carbonic acids, and at lad fulphur, if the didillation be 
carried to drynefs. f 

“ The operation of ether is therefore naturally divi¬ 

ded into three periods : the fird, in which a fmall quan¬ 
tity of ether and water are formed without the affidance 

of heat ; the fecond, in which the whole of the ether 

which can be obtained is difengaged without the ac¬ 
companiment of fulphurous acid; and the third, in which 
the fweet oil of wine, the acetous acid, the fulphurous 
acid, and the carbonic acid, are afforded. The three 
dages have no circumdance common to all, but the con¬ 

tinual formation of water, which takes place during the 
whole of the operation. 

tc The ether which is formed without the affidance of 
caloric, and the carbon which is feparated without de- 

compofition of the fulphuric acid, prove that this acid 
ads on alcohol in a manner totally different from what 
has hitherto been fuppofed. It cannot, in fad, be af¬ 
firmed, that the acid is altered by the carbon, becaufe 

daily experience (hews that no fenfible attraction takes 
place between thefe two bodies in the cold; neither can 

it be affeded by the hydrogen ; for in that cafe fulphu¬ 
rous acid would have been formed, of which it is known 
that no trace is exhibited during this firft period. We 
mud therefore have recourfe to another fpecies of ac¬ 
tion, namely, th£ powerful attraction exercifed by the ful¬ 
phuric acid upon water. It is this which determines the 

union of the principles which ex id in the alcohol, and 
with which the concentrated acid is in coniaCt: but this 
aCtion is very limited if the acid be fmall in quantity ; 
for an equation of affinity is loon edablifhed, the effeCt 

of which is to maintain the mixture in a ftate of repofe. 
“ Since it is proved that ether is formed in the cold 

by the mixture of any quantities of alcohol and fulphu¬ 
ric acid, it is evident that a mafs of alcohol might be 
completely changed into ether and vegetable acid by 

ufing a fufficient abundance of fulphuric acid. It is 
equally evident that the fulphuric acid would not by 
this means undergo any other change than that of being 
diluted with a certain quantity of water. This obfer- 
vation proves that alcohol contains oxygen, becaufe wa¬ 
ter cannot exid without this principle, which mud be 

afforded by the alcohol only, fince the fulphuric acid 
fuffers no decompofition. 

“ We muff not, however, imagine, from thefe fads, 
that ether is alcohol minus oxygen and hydrogen. Its 

properties alone would contradid this ; for a quantity 
of carbon proportionally greater than that of the hy¬ 

drogen 
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Alcohol, drogen is at the fame time feparated. It may, in fatt, 

'-/-' be conceived that the oxygen, which in this cafe com¬ 
bines with the hydrogen to form water, not only fatu- 
rated that hydrogen in the alcohol, but likewife the 
carbon. So that, inftead of confidering ether as alcohol 
minus hydrogen and oxygen, we muft, by keeping an 
account of the precipitated carbon and the fmall quan¬ 
tity of hydrogen contained in the water which is form¬ 
ed, regard it as alcohol plus hydrogen and oxygen. 

“ The foregoing are the effe&s produced by a combi¬ 
nation of alcohol and fulphuric acid, fpontaneoufly pro¬ 
duced without foreign heat. Let us, in the next place, 
obferve how this combination is effected when caloric 
is added. The phenomena are then very different, tho’ 

fome of the refults are the fame. 
“ In the firff place, we muft obferve, that a combina¬ 

tion of fulphuric acid and alcohol in equal parts does not 
boil at lefs than 207 degrees of temperature, while that 
of alcohol alone boils at 1 76. Now fmce ebullition does 
not take place till the higher temperature, it is clear 
that the alcohol is retained by the affinity of the ful- 
phuric acid, which fixes it more confiderably. Let us 
alfo confider that organic bodies, or their immediate pro¬ 
ducts, expofed to a lively briflc heat, without the*poffi- 
bility of efcaping fpeedily enough from its aCtion, luffer 
a partial or total decompofition, according to the degree 
of temperature. Alcohol undergoes this laft alteration 
when paffed through an ignited tube of porcelain. By 
this fudden decompofition it is converted into water, 
carbonic acid, and carbon. The reafon, therefore, why 
alcohol is not decompofed when it is fubmitted alone to 
heat in the ordinary apparatus for diftillation, is, that 
the temperature at which it rifes in vapours is not ca¬ 
pable of effecting the feparation of its principles ; but 
when it is 'fixed by the fulphuric acid or any other bo¬ 
dy, the elevated temperature it undergoes, without the 
poffibility of difengagement from its combination, is fuf- 
licfent to effecft a commencement of decompofition, in 
which ether and water are formed, and carbon is depo- 
lited. Nothing more therefore happens to the alcohol 
in thefe circumftances than what takes place in the dif¬ 
tillation of every other vegetable matter in which water, 

oil, acid, and coal, are afforded. 
“ Hence it may be conceived that the nature of the 

products of the decompofition of alcohol muft vary ac¬ 

cording to the different degrees of heat; and this ex¬ 
plains why at a certain period no more ether is formed 
but the fweet oil of wine and acetous acid. In fad, 
when the greateft quantity of the alcohol has been chan¬ 
ged into ether, the mixture becomes more denfe, and 
the heat which it acquires previous to ebullition is more 
coufiderable. The affinity of the acid for alcohol be¬ 
ing increafed, the principles of this acid become fepa¬ 
rated ; fo that, on the one hand, its oxygen feizes the 
hydrogen, and forms much water, which is gradually 

volatilized ; while, on the other, the ether retaining a 
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greater quantity of carbon, with which at that tempe¬ 
rature it can rife, affords the fweet oil of wine. This 
laft ought therefore to be confidered as an ether con¬ 
taining an extraordinary portion of carbon, which gives 
it more den fit y, lefs volatility, and a lemon yellow co¬ 
lour. 

. “ During the formation of the fweet oil of wine, the 
quantity of carbon which is precipitated is no longer in 
the fame proportion as during the formation of ether. 

“ What we have here ftated concerning the manner in 
which ether is formed by the limultaneous a&ion of the 
fulphuric acid and heat, appears fo conformable to truth, 
that nearly the fame effects may he produced by a cauf- 
tic fixed alkali. In this cafe alfo a kind of ether and a 
fweet oil of wine are volatilized, and coal is precipitated. 
It is therefore only by fixing the alcohol that the ful¬ 
phuric acid permits the caloric to operate a fort of de¬ 
compofition. It may alfo be urged as a proof of this 
affertion, that the fulphuric acid, which has ferved to 
make ether as far as the period at which the fweet oil 
of wine begins to appear, is capable of faturating the 
fame quantity of alkali as before its mixture with the 
alcohol * NicboU 

Ether may alfo be obtained by means of feveral other/™7™™* 
acids. The different liquids thus formed are diftin-1*391, 
guiffied by prefixing the name of the acid ufed in the 
procefs. Thus the ether above deferibed is called faU 
phuric ether ; that obtained by means of nitric acid, ni¬ 
tric ether, and fo on. There are feveral minute fhades 
of difference between thefe various ethers, which have 
not yet been properly inquired into. 35s 

Alcohol is capable of diffolving a great many bodies. Subftances 

A conliderable number of thefe, with the quantities fo-ffu^le,in 
luble, is exhibited in the following tables. 

I. Sub/lances dijfolved in large Quantities. 

Names of the Subftances. Tempe¬ 
rature. 

240 parts 
of alcohol 
difiolve 

Nitrat of cobalt J4.J° 2 40 parts 
copper 54o 240 
alumina 54-J 240 
magnefia 180,5 694 

Muriat of zinc 54>5 240 
alumina 54>5 240 
magnefia 180,5 I3I3 
iron - - 180,5 240 
copper 180,5 240 

Acetite of lead - - 
copper f 

Benzoic acid - - - I3J>5 
Sulphat of magnefia 
Nitrat of zinc decompofed 

iron decompofed 
bifmuth decompofed 

: 

f Witheringi 

Phil. Tranf* 

lxxii. 336. 
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^ Withering^ 

Yhil. TranJ. 
Ixxii. 336. 
-f Macquer, 

Hid* 

| Withering, 

Ibid. 

§ Alacquer,, 

ibid. 
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II. SulJLinces dijehed in f,mall Quantities. 

Names c>f the Subftances. 1 

240 parts of 
alcohol at the 
boiling tempe 
rature diflolve 

Muriat of lime 240 parts 

Nitrat of ammonia 214 

Oxy*muriat of mercury 212 

Succinic acid 177 

Acetite of foda 112 

Nitrat of filver IOO 

Refined fugar ... 59 

Boracic acid 48 

Nitrat of foda 23 
Acetite of copper 18 

Muriat of ammonia 17 

Arfeniat of potafs 9 
Acidulated oxalat of potafs - 7 
Nitrat of potafs 5 
Muriat of potafs 5 
Arfeniat of foda 

Barytes 
Strontites 

4 

White oxide of arfenic 3 

Tartrat of potafs 
Phofphorus 
Nitrat oFlead * 

lime * 

Muriat of mercury f 
Carbonat of ammonia * 

1 

III. Sub/lances infoluble -with Alcohol. 

Sugar of milk, 

Borax, 
Tartar, 

Alum, 
Sulphat of ammonia, 

lime, 
barytes J, 
iron (green), 
copper, 
filver, 
mercury, 

zinc, 
potafs, 

Sulphat of foda, 
magnefia, 

Sulphite of foda, 
Tartrite of foda and 

potafs, 
Phofphoric acid, 

Nitrat of lead, 
mercury, 

Muriat of lead, 
filver §, 

Common fait, 
Carbon at of potafs, 

foda. 
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in Genefis, and during the time of Abraham was even Oils. 

ufed in lamps 

359 . 
It? affinities. 

Thefe have been chiefly borrowed from tables which 
Mr de Morveau publilbed in the Journal de Phyfique 

July 178c, and which were drawn up for the molt part 
from the experiments deferibed in Wenzel’s Treatife on 

Affinities. . _. . 
The affinities of alcohol are very imperfectly known. 

Thfcfe ftated by Bergman are as follows : 
Water, 
Ether, 
Volatile oil, 
Sulphurets of alkalies. 

Chap. III. O/Oils. 

360 
Difcovery 

of oil. 

Oil, which is of fuch extenfive utility in the arts, 

was known at a very remote period. It is mentioned 

The olive was very early cultivated,^ * 

and oil ex traded from it in Egypt. Cecrops brought e*' xv’ 
it from Sais, a town in Lower Egypt, where it had 
been cultivated from time immemorial, and taught the 

Athenians to extrad oil from it. In this manner the 
ufe of oil became known in Europe f. But the Greeks f Herodot. 
feem to have been ignorant of the method of procuring lib. ii 59. 
light by means of lamps till after the liege of Troy ; and 62. 

at leaft Homer never mentions them, and conftantly de- 

feribes his heroes as lighted by torches of wood. 
Oils are divided into two clafles, Fixed and Vvlatile ; 

each of which is diftinguifhed by peculiar properties.. -61 
I. The fixed oils, called alfo fat or expreffed oils, Fixed oiU 

are numerous, and are obtained, partly from animals and 
partly from vegetables, by fimple expreffion. As in- 
ftances, we (hall mention whale oil or train oil, obtained 
from the blubber of the whale ; olive oil, obtained from 
the fruit of the olive ; lintfeed oil and almond oil, ob¬ 
tained from lintfeed and almond kernels. Fixed oils 
may alfo be obtained from poppy feeds, hemp feeds, 
beech mail, and many other vegetable fubftances. 

All thefe oils differ from each other in feveral parti¬ 

culars, hut they alfo poffefs many particulars in com¬ 
mon. Whether the oily principle in all the fixed oils is 
the fame, and whether they owe their differences to ac¬ 
cidental ingredients, is not yet completely afeertained, 
as no proper analyfis has hitherto been made ; but it is 
exceedingly probable, as all the oils hitherto tried have 
been found to yield the fame produds. In the prefent 
flate of our knowledge, it would be ufelefs to give a 
particular defcnption of all the fixed oils, as the diffe¬ 
rences between them have not even been accurately af¬ 
eertained. We fhall content ourfelves, therefore, with 
giving the charaders which diflinguifh fixed oils in ge¬ 

neral, and an analyfis of one oil, by way of fpecimen. ^ 

Fixed oils are infoluble in alcohol, which diftinguifhes Their pro*- 
them from volatile oils. They are alfo infoluble in water, perties. 

They have an un&uous feel, are tranfparent while 

fluid, are deilitute of fmell, and have a mild infipid kind 

of tafle. 
They are all fufceptible of becoming folid by expo- 

fure to a fufficient degree of cold. Olive oil and al¬ 

mond oil freeze at io4 degrees J. \ CbaptaTi 
They are capable of being converted into vapour 

heat ; but require for that purpofe a temperature con- TrLfl. hi* 
fiderably fuperior to that of boiling water. Olive oil 43# 

boils at 6oog, and moft of the fixed oils.hitherto tried 

require nearly the fame degree of heat. 
When in the flate of vapour they take fire on the 

approach of ail ignited body, and burn with a yellowifh 
white flame. It is upon this principle that candles and. 
lamps burn. The tallow or oil is firfl converted into, 

the flate of vapour in the wick ; it then takes fire, and 

fupplies a fufficient quantity of heat to convert more 
oil into vapour ; and this procefs goes on while any oil 
remains. The wick is neceffary to prefent a fufficient- 

ly fmall quantity of oil at once for the heat to ad up¬ 
on. If the heat were fufficiently great to keep the 
whole oil at the temperature of 6oo°, no wick would be 
neceffary, as is obvious from oil catching fire fponta- 
neoufly when it has been raifed to that temperature. 363 

Mr Lavoifier analyfed olive oil by burning it in pre-Analyfis cf 

cifely the fame apparatus as that which he employed foroUve oil. 

analyfing alcohol* ^ 
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Oih. The quantity of oil confumed amounted to 15,79 

L—v-grains troy. 
The quantity of oxygen gas amounted to 50,86 gr. 

troy. The whole amount therefore of the fubftances 

confumed during the combuftion is 66,65 grains troy. 
The carbonic acid obtained amounted to 44,50 gr. 

There was alfo a confiderable quantity of water, the 
weight of which could not be accurately afcertained : 
but as the whole of the fubftances confumed were con¬ 
verted into carbonic acid gas and water, it is evident 
that if the weight of the carbonic acid be fubtra&ed from 
the weight of thefe fubftances, there muft remain precife- 
ly the weight of the water. Mr Lavoifier accordingly 
concluded, by calculation, that the weight of the water 

was 22,1 5 grains. Now the quantity of oxygen in 44,50 
grains of carbonic acid gas is 3 2,04 grains, and the oxy¬ 
gen in 22,15 grains of water is 18,82 grains ; both ot 
which taken together amount to 50,86 grains, precifely 
the weight of the oxygen gas employed. There does 
not appear therefore to be any oxygen in olive oil. 

The quantity of carbon in 44,50 grains of carbonic 
acid gas is 1 2,47 grains ; and the quantity of hydro¬ 
gen in 22,15 grains of water is 3,32 grains; both, of 

which, when taken together, amount to 15,79 Sra*ns> 
which is the weight of the oil confumed. 

It follows, therefore, from this analyfis, that 15,79 

grains of olive oil are compofed of 
12,47 Carbon, 

3,32 Hydrogen. 

Olive oil therefore is compofed of about 
79 Carbon, s 
21 Hydrogen. 

* Mem. IOO* 

Par. 1784. In what manner thefe fubftances are combined, can- 
and Jour. not learnecl from this analyfis. Whether they combine 

diredlly, and faturate each other in that proportion, as 

7’ JUy’is moft probable — or whether the hydrogen is combined 
previously with a'part of the carbon, and that compound 
combining with a certain quantity of carbon, forms oil, 
is altogether uncertain. Yet thefe queftions are of the 
utmoft importance ; and till the method of folving them 
be difcovered, we never can acquire any precife ideas 
about the conftituent parts of a great number of fub¬ 
ftances, which, though formed ultimately of the fame in¬ 
gredients, differ very much in their properties from one 

, another; as wax and oil; alcohol, fugar, and ether. 

Rancidity. When fixed oils are expofed to the atmofphere, they 
become thick, acquire a brown colour, and a peculiarly 
unpleafant fmell: they are then faid to be rancid. 
When oil is poured upon water, fo as to form a thin 
layer on its furface, and is in that manner expofed to 
the atmofphere, thefe changes are produced much foon- 
er, the oil becomes thicker, and affumes an appearance 
very much refembling wax. Berthollet, who firft exa¬ 
mined thefe phenomena with attention, afcribed them 
to the a&ion of light: but Sennebier obferved, that no 
fuch change was produced on the oil though ever fo 
long expofed to the light, provided atmofpherical air 
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was excluded ; but that it took place on the admifiion 
of oxygen gas, whether the oil was expofed to the light 
or not *. It cannot be doubted, then, that it is owing * Ann.d^ 

to the combination of oxygen. All fubftances that are XI* 
capable of fupplying that principle, the metallic oxides 
for inftance, and feveral of the acids, produce the fame 
effedl upon oils ; and it is a known fa£t, that oil is 
capable of reducing many of the metallic oxides to the 
metallic (late, and confequently that it has a ftrooger 

affinity for oxygen. 
Mr Chaptal has fuppofed that oils become rancid 

merely becaufe they contain a quantity of mucilage, 
with which the oxygen combines ; and that when oxy¬ 
gen combines with fixed oils, it produces a different ef- 
fe£l, converting them into what is called drying oils. 

It is certain that oils contain a quantity of mucilage; 
but fome change is evidently produced on the oils them- 
felves by rancidity; for no agitation in water is capable 
of reftoring them to their former flate, although water 365 
deprives them of their mucilage. Drying oils, fo called Drying oils, 

becaufe they are capable off drying completely when fpread 
out, a property which renders them ufeful in painting, 
feem, as Sennebier obferves, to be completely deprived of 
mucilage ; for, in order to render an oil drying, it muft 
be boiled, which evaporates or decompofes all the muci¬ 
lage: they feem alfo to lofe part of their hydrogen f. j ]$ertiJOnetm 

Fixed oils are capable of diffolving fulphur at their 366 
boiling temperature. The folution is very fetid, owing Fixed oils 
to a partial decompofition of the oil. Hydrogen ga8 ddlolve ful- 

flies off, having a quantity of fulphur diffolved in it. U * 
When the folution cools, the fulphur cryftallizes. 367 

Fixed oils diffolve phofphorus. The folution is lu-Andphof- 
miuous, from the flow combuftion of the phofphorus. phorus. 

Fixed oils are capable of combining with many of 
the metallic oxides. The compound’s are called metallic 
foaps. Several of the oxides are decompofed by being 

boiled in oils. 
Fixed oils combine alfo with the alkaline earths and 

with alumina. The compounds are called earthy foaps. 

The affinities of the oils are as follows: 36S 
Their affi¬ 
nities. Lime, Nitric acid, 

Barytes, Muriatic, 
Fixed alkalies, Sulphurous, 
Magnefia, Sulphuric, 
Ammonia, Acetous, 
Oxide of mercury, Sulphur, 
Other metallic oxides ( h ), Phofphorus (1). 

Alumina. 369 
II. Volatile oils, called alfo ejfential oilsy are all Volatile 

obtained from vegetables. They have a ftrong aroma- oils, 
tic fmell, and a pungent acrid tafte. They are fo vo¬ 
latile that they may be diftilled by the heat of boiling 
water. They are foluble in alcohol, but not in water- 
They evaporate on the application of heat, without lea¬ 
ving any ftain behind them, which is not the cafe with 
the fixed oils. By this teft, accordingly, it is eafy to 
difeover whether they have been adulterated with any 
of the fixed oils. Let a drop of the volatile oil fall 
upon a fheet of writing paper, and then apply a gentle 

P p 2 heat 

(h) Their order not well afcertained. 
(1) The firft column was afcertained by Berthollet. The iaft is to be confidered as unconne&ed with the firft. 

On account of the affinity of thefe two claffes of bodies for each other, it has not been poffible to difeover which 

of them has the greateft affinity for oil. 
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heat to it. If it evaporates without leaving any ftain 
upon the paper, the oil is pure ; but if it leaves a ftain, 
it has been contaminated with fome fixed oil or other. 

Volatile oils are very numerous, and differ from one 
another, in fluidity and weight, in their freezing point, 
and in feveral other particulars. Little attention has 
been paid to the greateft part of them, becaufe few of 
them have been found of any ufe. The principal qua¬ 
lity for which they are valued is their odour. Some of 
them are obtained by exprefiion, as oil ot bergamot, le¬ 

mons, oranges ; others by diftillation, as oil of pepper¬ 
mint, thyme, lavender, &c. It would be ufelefs, even 
if it were pofiible, to give a particular defcription of all 

the volatile oils. 
They are more inflammable than the fixed oils; a qua¬ 

lity which they owe to their volatility. As far as expe¬ 
riments have hitherto been made, they feem to confift 
of carbon and hydrogen ; but nothing is Jcnown con¬ 
cerning the proportions of thefe ingredients. They 

thicken when expofed to the air, probably by combi¬ 

ning with oxygen, and form refins (k). 
When expofed to cold, or when kept for a long time, 

fome of them depofite cryftals refembling the acid of 

benzoin (l). 
They diffolve fulphur, and form what have been call¬ 

ed lalfams offulphur. 
They are capable of combining with moft of the fub- 

ftances that unite with fixed oils. Their affinities, which 

certainly differ from thofe of fixed oils, have not yet 

been properly afeertained. 

Chap. IV. Of Alkalies. 

Properties Substances poffeffed of the following properties are 

«f alkalies, called alkalies : 
1. Incombuftible. 
2. Capable of converting vegetable blues to a green. 

3. A hot cauftic tafte. 
4. VeryToluble in water, even when combined with 

carbonic acid. 
There are three alkalies, potafs, foda, and ammonia. 

The two firft are called fixed alkalies, becaufe a very 
violent beat is neceffary to volatilize them ; the laft is 
called volatile alkali, becaufe it very eafily affumes a ga- 

feous form, and is confequently diffipated by a very mo¬ 

derate degree of heat. 

Sect. I. Of Potafs. 

Method of Tf a Efficient quantity of wood be burnt to afhes, 
procuring and thefe allies be afterwards waffied repeatedly with 
potafs. water till it comes off free from any tafte, and if this 

liquid be filtrated and evaporated to drynefs, the fub- 
ftance which remains behind is potafs; not, however, 

in a ftate of purity, for it is contaminated with feveral 

other fubftances ; but fufficiently pure to exhibit many 
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of its properties. In this ftate, it occurs in commerce Alkalies, 

under the name of potafs. It may be purified confi- 
derably, by putting it in a crucible, keeping it red hot 
for fome time ; then diffolving it in water, filtrating it, 
and evaporating it again to drynefs. By the following 
method it may be obtained nearly pure : Mix together 

equal quantities of nitre and carbon, and put them by 
little and little into a red hot crucible. They burn 
with a vivid flame, and leave behind them a quantity of 
potafs. This is to be diffolved in water, filtrated, and 
evaporated to drynefs. Or potafs may be obtained by 
burning tartar wrapt up in brown paper and placed in 

a crucible (m). 
The potafs procured by thefe laft proceffes is exceed¬ 

ingly white ; it is not, however, quite pure ; for it is 
combined with a fubftance which blunts all its properties 
confiderably. This fubftance is carbonic acid gas; from 
which it may be feparated by diffolving it, and mixing 
with it an equal quantity of lime made into a pafte with 
water. The lime has a greater affinity for carbonic acid 
gas, and therefore combines with it ; and the pure pot¬ 
afs remains diffolved in the water, and may be feparated 
from the lime by filtrating the mixture This procefs,, 
however, muff be performed in clofe veffels ; for there 
is a little carbonic acid gas in the atmofphere, which 
would again combine with the potafs if it were allowed 

to (land expofed to the air. 
It is then to be evaporated till a thick pellicle appears 

on its furface, and afterwards allowed to cool; and all 
the cryftals which have formed are to be feparated, for 

they confift of foreign falts. The evaporation is then 
to be continued in an iron pot ; and, during the pro¬ 
cefs, the pellicle which forms on the furface is to be 
carefully taken off with an iron fkimmer. When no 
more pellicle appears, and when the matter ceafes to 
boil, it is to be taken off the fire, and muft be conftant- 

ly agitated while cooling with an iron fpatula. It is 
then to be diffolved in double its own weight of cold 
water. This folution is to be filtered and evaporated 
in a glafs retort till it begin to depofite regular cryftals. 
If the mafs confolidates ever fo little by cooling, a fmall 
quantity of water is to be added, and it muft be heated 
again. When a fufficient number of cryftals have been 
formed, the liquor which fwims over them, and which 
has affumed a very brown colour, muft be decanted off, 

and kept in a well-clofed bottle till the brown matter 
has fubfided, and then it may be evaporated as before, 
and more cryftals obtained. The cryftals may then be 
diffolved in pure water. By this procefs, which was 
invented by Mr Lowitz of Peterfburgh *, potafs may * Stdolfin§ 
be obtained in a ftate of the greateft purity. The! 164. 

ftiape of its cryftals is very different, according to the 
way in which they have been produced. When allow¬ 
ed to form in the cold, they are o&ahedrons in groups, 

and contain 0,43 of water : When formed by evapora- 

(k) Refins are concrete vegetable juices; the diftinguifhing property of which Is infolubility in water and fo- 

lability in alcohol. Common reftn, or rofin, from which they derive their name, is one of them ; and foaling wax 

confifts almoft entirely of another. _ # 
(l) See a paper by Margueron on this fubjedt, Jinn, de Chim. xxi. 174* 

(m) That potafs was known to the ancient Gauls and Germans, cannot be doubted, as they were the inventors 

of f0ap, which, Pliny informs us, they compofod of afhes and tallow. Thefe afhes (for he mentions the afhes 
of the beech tree particularly) were nothing elfo but potafs ; not, however, in a ftate of purity. Pima,Tib. xvm. 
c. 51. The loo, mentioned by Ariftophaaes and Plato, appears to have been a ley made of the fame kind 

of afhes. \ 
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Alkalies. non on the fire, they affume the figure of very thin tran- 
'-—v-{parent blades of extraordinary magnitude, which,. by 

an affemblage of lines croffing each other in prodigious 
numbers, prefent an aggregate of cells or cavit^s, com¬ 

monly fo very clofe, that the vefiel may be inverted vvith- 

* Khbolfon.out lofing one drop of the liquid which it containsf. 
i. 164. Pure potafs is fo exceedingly corrofive, that when 

applied to any part of the body, it deitroys it aimoft 
inftantaneoufly. Op account of this property, it has 
been called caujlic, and is often ufed by furgeons under 

the name of the potential cautery, to open abfeeffes, and 

deflroy ufelefs or hurtful cxcrefcences. 
Black’s dif- As potafs is never obtained at firft in a ftate of pu- 
cove y of rity, but always combined with carbonic acid, it was 
the caufe Ofloug bt,fore chemifls underftood to what the changes 

produced upon it by lime were owing. According to 
foine, it was deprived of a quantity of mucilage, in 
which it had formerly been enveloped ; while, accord¬ 
ing to others, it was rendered more active by being 

more comminuted. At laft, in 175S I^r f>lac^ Put^“ 
lifted the celebrated experiments which we have fo ol- 
ten mentioned; in which he proved, by the moll inge¬ 
nious and fatisfadlory analyfis, that the potafs which the 
world had confidered as a fimple fubllance, was really a 
compound, confiding of potais and carbonic acid ; that 

lime deprived it of this acid ; and that it became more 

active by becoming more fimple. 
While Dr Black was thus occupied in Scotland, Mr 

Meyer was employed in Germany in the fame refearches; 
from which, however, he drew very different conclu- 
fions. His Effays on Lime appeared in 1764. Pour¬ 
ing into lime-water a folution of potafs (carbonat of pot- 

nfs)> lie obtained a precipitate, which he found not to 
differ from limeftone. The alkali had therefore de¬ 

prived the lime of its caufticity and its a'&ive properties ; 
and thefe very properties it had itfelf acquired. From 
which he concluded, that the caufticity of lime was 
owing to a particular acid with which it had combined 
during its calcination. The alkali deprived the lime of 
this acid, and therefore had a ftronger affinity for it. 
To this acid he gave the name of acidum pingue or cauf 
ticum. It was, according to him, a fubtile elaftic mixt, 
analogous to fulphur, approaching very nearly to the 

nature of fire, and adlually compofed of an acid prin¬ 
ciple and fire. It was expanfible, comprefiible, volatile, 
aftringent, capable of penetrating all veffels, and was 
the caufe of caufticity in lime, alkalies, and metals. 
This theory was exceedingly ingenious, and it was fup- 
ported by a vaft number of new and important fa&s. 
But notwithftanding the reputation and acknowledged 

genius and merit of its author, it never gained many 
followers ; becaufe the true theory of caufticity, which 
Pad been already publifted by Dr Black, foon became 
known on the continent; and, notwithftanding fome 

oppofition at firft, foon carried conviclion into every 
unprejudiced mind. Even Mr Meyer liimfelf readily 
acknowledged its truth and importance, though lie did 

not at firft, on that account, give up liis own theory. 
When potafs is expofed to the a&ion of fire, it firft 

becomes foft, and melts into a tranfparent liquid at the 

commencement of ignition. 
When expofed to the air, it attra&s moifture very 

fail, and is foon converted into a liquid. It attrads, 
at the fame time, carbonic acid gas, for which it has a 
very ftrpng affinity. It is impoffible, then, to keep 

potafs in a ftate of purity, except in very clofe veffels. 
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It unites readily with fulphur, and forms fulphuret of Alkalies. ^ 

potafs. This compound may be formed two ways; ei- ~ 

tli'er by melting the ingredients together, or by boiling Su]phuret 
them in water, and then filtrating the lolution. Sul- 0f potafs. 

phuret of potafs when dry, in which ftate it is obtained 
by the firft procefs, is of a brown colour. It is foluble 

in water, and very foon attracts moifture. 
While dry it produces no change upon the ai'r of 

the atmofphere, as Meffrs Dieman, Van Trooftwyck, 
Nieuwland, and Bondt, afeertained by experiment *. * Ann. dc 
But when moiftened with water, it very foon abforbs Ckim. xiv. 

all the oxygen gas which happens to be in the veffel in^94- 

which it is enclofed, and leaves nothing but azotic gas. 
This fad was firft ohferved by Scheele, and induced 
him to ufe fulphuret of potafs for an eudiometer, or in- 
ftrument to meafure the quantity of oxygen contained 
in any given portion of atmolpheric air. 

If fulphuret of potafs be allowed to remain moift, and 

in con tad with the atmofphere, it is gradually convert¬ 
ed into fulphat of potafs by the fulphur combining 
with oxygen, and forming fuiphuric acid. At the 
fame time the fulphuret emits a fetid fmell, which is 
known to be the odour of fulphurated hydrogen gas. 
The fulphuret then decompofes the water with which 
it is mixed. Very little fulphurated hydrogen gas, 
however, is emitted, except an acid (the fuiphuric, for 
inftance) be poured upon the mixture, and then it is 
given out very copioully. The reafon of this is, that 
there is an affinity between the potafs and this gas. 
Accordingly it is retained by the potafs after it is form¬ 
ed. But as the acids have a much ftronger affinity for 

potafs, as foon as any of them is poured in the gas is 

obliged to feparate f. . \ Ibid* 
1 {liquid fulphuret of potafs be kept in clofe veffels, 

it is not decompofed except in part; becaufe as foon 
as the alkali is iaturated with the fulphurated hydrogen 
gas, the a&iou of the fulphur on the water is at an end J. \ Ibidl 

The explanation of the a£lion of this fulphuret 011 
the atmofphere, which the Dutch chemifts above-men¬ 

tioned give from thefe data, is as follows: 
Sul phuret of potafs decompofes water ; fulphurated 

hydrogen gas is formed, and abforbed by the alkali. 
This gas has a ftrong affinity for oxygen, which it 
abforbs from the atmofphere : the hydrogen combines 
with this oxygen, and forms water; and the lulphur is 
again precipitated, or rather left combined with the pot¬ 
afs. Water is again decompofed by the attraction of 
the fulphur for oxygen ; new fulphurated hydrogen gas 
is again formed ; again abforbed ; again at trails oxy¬ 
gen gas ; and is again decompofed. And this procefs 
goes on till the whole of the fulphur lias combined with 
oxygen, and confequently till the fulphuret is converted 
Into a fulphat §.—The only part of this theory which § Mdi 
requires confirmation, is the aCtion of fulphurated hy¬ 
drogen gas on oxygen gas, and the confequent forma¬ 
tion of water. And this they have rendered not impro¬ 
bable, by Ihewing that fulphurated hydrogen gas com¬ 
bined with alkali has the property of absorbing oxygen 

gas from the atmofphere ||. j| Ibid, p* 
Potafs unites with phofphorus by fufion, and forms3°5* 

a phofphuret of potafs. Little is known concerning phrf’^ret 
its properties, except that it produces phofphurated hy-of poiafs. 

drogen gas. 
Potafs feems alfo capable of combining with carbon. 

Potafs does not combine with the metals \ but it 

unites with many of their oxides. 
When 
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When a folution of potafs is boiled upon filica re- 

' ceiitly procured, it diffolves part of it. As the folu- 
tion cools, it affumes the appearance of a jelly, even 

though previoufly diluted with 17 times its own weight 

! of water *. 
When equal parts of filica and potafs are melted to- 

Glals. gether, they combine and form glafs, A fubftance 
which, whether we confider its hardnefs, beauty, and 
tranfparency, its amazing du&ility, while hot, or the 

-difficulty of decompofing it, mull be allowed to be one 
of the moll ufeful compounds ever invented by man. 

When the quantity of potafs is double or triple that 

of the filica, the glafs is foluble in water, and forms 

what is called liquorftlicvm. 
Potafs feems alfo capable of combining in the fame 

manner with barytes, lime, magnefia, and alumina ; but 
thefe combinations have never been examined with at¬ 
tention. Lime, however, is often added to the mate¬ 
rials for making glafs, and is fuppofed to increafe its 

hardnefs and folidity. 
The metallic oxides have the property of rendering 

glafs more fufible, and of communicating various co¬ 
lours to it; they accordingly very often make a part 
of its compofition. The colours communicated by thefe 

oxides will appear from the following Table : 

Metallic Oxides. 

Oxide of gold and tin, 
Silver, - - 

Iron, - - 
Lead, - - 

Zinc, - - 
Antimony, 

Arfenic, 
Cobalt, - - 

Nickel, - - 
Manganefe, 
Tungften, - 
Molybdenum, 

Uranium, - 
Titanium, - 
Tellurium, - 

Colour communicated to Glafs. 

Purple. 
Yellow or golden. 
Pale green. 

Colourlefs. 
White. 
Green (n). 

White. 

Blue* 
Blue (o). 
Red. 
Colourlefs. 
Colourlefs. 
Grey (opaque). 
White (opaque). 

White.' 
Green. Chromum, - 

Socp.^ Potafs combines readily with fixed oils, and forms 
the compound known by the name of foap, 

Potafs, Potafs has never yet been decompofed. Several che- 
whether a mifts, indeed, have conjedlured, that it was a compound 
compound. jjme an(j azot. an(j fome perfons have even endeavour¬ 

ed to prove this by experiment; but none of their proofs 

are at all fatisfadlory. We ought, therefore, in (Iridl 
propriety, to have affigned it a place in the firft part of 

this article : but this would have feparated the alkalies 
from each other, and would have introduced a confufion 
into the article, which would have more than counterba¬ 
lanced the logical exadlnefs of the arrangement. Befides, 
we are certain, from a variety of fadls, that all the al¬ 
kalies are compounds : One of them has adlually been 
decompounded ; and the other two have been detedled 
in the adl of formation, though the ingredients which 

compofe them have not hitherto been difcovered. 
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Whether potafs contains lime is a different queftion. Alkalis. 

Were we to judge from analogy, we ffiould luppofe, ^^ 
that the four alkaline earths, and the three alkalies, 
poffefs one common principle. They have a great num¬ 

ber of common properties, and perhaps ought to be 
clafied altogether under the name of alkalies. 

That azot enters into the compofition of all thefe 
bodies, as Fourcroy has conjedlured, is far from impro¬ 
bable. One alkali, as we (hall foon fee, adlually con¬ 

tains azot. But no concluiion can be drawn till future 
difeoveries have lifted off the veil which at prefent ob- 

ftru&s our view. 380 
The affinities of potafs are as follows : Its affinitici 

Sulphuric acid, 
Nitric, 

Muriatic, 
Sebacic, 
Fluoric, 
Phofphoric, 
Oxalic, 
Tartarous, 

Arfenic, 

Succinic, 
Citric, 
Formic, 
Ladlic, 
Benzoic, 
Sulphurous, 
Acetous, 
Saccholadlic, 
Boracic, 
Nitrous, 

Carbonic, 
Pruffic, 

Oil, 
Sulphur, 

Phofphorus, 
Water. 

The place of the metallic oxides has not yet been 

afeertained. 

Sect. II. Of Soda. 

Soda, called mineral alkali, becaufe it is found in the 
earth, was known to the ancients under the names of 

vi*gov and nitrum (p). It was long confounded with pot¬ 
afs; and perhaps was never properly diftinguifhed from 

it till Du Hamel publiffied a paper on the fubjedl in 

r736. ^gr 
Its properties, while pure, are precifely the fame properti£3 

with thofe of potafs, excepting only that its affinity for of foda. 

other bodies is not fo ftrong ; it does not, therefore, 
require any particular defeription. We ought to men¬ 
tion, however, that it differs from potafs in one particu¬ 
lar ; potafs attradls moifture in the air, but foda parts 
with it, and when expofed to the atmofphere, foon 

crumbles down into a dry powder. 
It is capable of combining with all the fubflances 

with which potafs unites; but it forms compounds pof- 

feffed, in general, of very different properties from thofe 
of the compounds into which potafs enters. 

It 

(n) If the glafs be made with foda. 
(o) But reddifh if the glafs be formed of foda. Klaproth. 
(p) The A/7po» of the Athenians was evidently the fame fubftance; and fo was the nra of the Hebrews. 
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Alkalies. It is reckoned more proper than potafs for forming 

--v-' glafs and foap. 
Some chemifts have fuppofed that it is compofed of 

magnefia and azot ; but their proofs are inefficient. 
The order of its affinities is the fame with that of 

potafs. 

Sect. III. Of Ammonia. 

Ammonia (q^), volatile alkali, or hartjho 
381 

Pifcovery 
ammo- 

* PrieJUey c 

as it is 
called in commerce, is mentioned as early as the i$th 
century. Both Bafd Valentine and Raymond Lully 
defcribed the methods of procuring it. Dr Black was 
the firfl who diftiriguifhed pure ammonia from the car- 
bonat of ammonia, or ammonia combined with carbo¬ 
nic acid ; and Dr Prieflley firfl difcovered the method 
of obtaining it in a flate of complete purity. 

To obtain pure ammonia, mix common dal ammoniac 
with three parts of flacked lime ; apply heat ; and re¬ 
ceive the produdl in a veflel filled with mercury (land¬ 
ing in a bafon of mercury. A gas comes over, which 
is pure ammonia*. This gas is tranfparent like com- 

yftr,m.37i.nion air, and is not condenftd by cold. 

lts*^ro er ^tS *Pecl^c gravky is 0,000732. It is to common 

ties.Pr°Pe a^r as ^00 t0 1000 t* 
f Kirwanon It has a very flrong, but not unpleafant fmell. Ani- 

iWo^.p.xS.mals cannot breathe it without death. When a light¬ 
ed candle is let down into this gas, it goes out three or 
four times fucceffively ; but at each time the flame is 
confiderably enlarged by the addition of another flame 
of a pale yellow colour, and at lafl this flame defeends 
from the top of the veflel to the bottom J. 

Water abforbs this gas with avidity. It difappears 
almofl inflantly on the introduction of a little water. 
From an experiment of Dr Prieflley, it appears that 
water faturated with this gas is of the fpecific gravity 

1,1435$. 

This water acquires the fmell of ammonia. It has 
a very flrong difagreeable t3fle, and converts vegetable 
colours to a green. 

Ammonia in the flate of gas has no effeCt upon ful- 
phur or phofphorus. Carbon abforbs it ; probably 
becaufe it contains water. Neither hydrogen nor azut 
produce any alteration on it ||. 

Alcohol and ether abforb it in confiderahlequaiitity «j[. 
Dr Prieflley difcovered, that when eleCtric explofions 
were made to pafs through this gas, its bulk was gra- 

lient parts, dually augmented to thrice the fpace which it formerly 
occupied. It was then moflly converted into hydro¬ 
gen gas. Fie difcovered, too, that heat produced the very 

* Ibid. 389.fame effeCl*. Thefe experiments prove that hydrogen 
enters as an ingredient into the compofition of ammonia. 

Mr Scheele obferved, that when ammonia was treat¬ 
ed with the oxides of manganefe, gold, or mercury, the 
oxides were reduced ; the ammonia difappeared ; and 
nothing remained but a quantity of azotic gas. Thefe 
fads induced Bergman to conjedure, that ammonia was 
compofed of hydrogen and azot: a conjedure which has 
been fully confirmed by the experiments of Berthollet. 

This ingenious chemifl obferved, that if oxy-muria- 
tic acid and ammonia be mixed, an effervefcence takes 
place ; azot is difengaged, a quantity of water formed, 

X PrieJUey, 
ii. 381. 

§ Ibid. p. 

37*- 

[| Ibid. p. 

377* 
1 Ibid. 

3*4 
Its conipr- 
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and the oxy-muriatic acid is converted into common mu- >A11^lies-, 

riatic acid. Now the fubftances mixed were ammonia u 

arid oxy-muriatic acid, which is compofed of oxygen and 
muriatic acid ; the produds were, muriatic acid, azot, 
and water, which is compofed of oxygen and hydrogen. 
The oxygen of the water was furnilhed by the acid ; 

the other produds mufl'have been furnifhed by the am¬ 

monia, which has difappeared. Ammonia, therefore, 

mufl be compofed of azot and hydrogen. Mr Berthol¬ 

let proved, that ammonia was compofed of thefe ingre¬ 

dients by a number of other experiments. For inllance, 

if the oxide of copper be heated in contad with ammo- 

niacal gas, it is reftored to the metallic flate; the ammo¬ 

nia difappears, a quantity of water is formed, and azotic 

gas is difengaged. It follows from Mr Berthollet’s ex¬ 

periments, that ammonia is compofed of 121 parts of azot 

and 29 of hydrogen *. According to Dr Auflin, it is * Mem. Par* 

compofed of 121 parts of azot, and 32 of hydrogenf. 

After the compofition of ammonia had been thus af- rr^/1788. 
certained, it became a queflion of fome confeq u nee, 3K5 
Whether it could be formed artificially ? Dr Ault in ac- Formation 
cordingly mixed hydrogen and azotic gas together in^anmi°- 

the proper proportions, and endeavoured to make them 
combine by the application of heat, by eleQricity, and 
by cold ; but he found, that while thefe two fubflances 
were in a gafeous flate, they could not be combined by 
any method which he could devife. It could not be 
doubted, however, that the combination often takes place 

when thefe bodies are prefented to each other in a dif¬ 
ferent form. Dr Prieflley J and Mr Kirwan || had a&u- I On Air, ii. 
ally produced it, even before its compofition was known, y^ 
Accordingly he found, that when tin is moillened with,- Air.} J 
nitric acid, and after being allowed to digefl for a mi¬ 
nute or two, a little potafs or lime is added, ammonia is 
immediately exhaled^. In that cafe, the nitric acid and § Dr Auf-- 

the water which it contains are deeonipofed; the oxygeni n* 
of each unites with the tin, and reduces it to the Hate of 
an oxide; and at the fame time the hydrogen of the wa¬ 
ter combines with the azot of the acid, and forms ammo¬ 
nia, which is driven off by the flronger affinity of the pot¬ 
afs or lime. Dr Auflin fucceeded alfo in forming am¬ 
monia by feverat other methods, Fie introduced into a 
glafs tube filled with mercury a little azotic gas, and then 
put into the gas fome iron filings moillened with water. 
The iron decompofes the water and combines.with its 

oxygen ; and the hydrogen meeting with azot at the mo- - 

ment of its admiflion, combines with it, and forms ammo¬ 

nia. This experiment (hews, that the gafeous (late of the 

azot does not prevent its combination with hydrogen. 

Ammonia may be combined with fuiphur by mixing Sulphuret • 

together two parts of muriat of ammonia (ammoniaammc*‘ 
combined with muriatic acid), two parts of lime, andnia* 
one part of fuiphur, and diddling ; a yellow liquor is 
obtained, which contains fulpfiuret of ammonia. It is 
capable of cryftallizing. 

The phofphuret of ammonia is unknown. 

Ammonia is capable of combining with feveral of the 

metallic oxides, particularly copper. 
It combines with fixed oils, and forms foap. 
The order of its affinities is precifely the fame with 

that of the fixed alkalies. 
Ghaf\>. 

(O We have adopted this word, which is Dr Black’s, becaufe we think it preferable to ammoniac or ammo-- 

nlaca, the. words propofed and ufed by the French chexnills. 
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Chap. V. Of Acids. 

Substances poffeffed of the following properties are 

denominated acids. 
1. When applied to the tongue they excite that fen- 

fat ion which is called four or acid. 
2. They change the blue colours of vegetables to a 

red. The vegetable blues employed for this purpofe 

are generally tin&ure of litmus and fyrup of violets or 
of radifhes, which have obtained the name of reagents 
or tijls. If thefe colours have been previoufiy converted 

to a green by alkalies, the acids re (lore them again. 
3. They unite with water in ahnofl any proportion. 

4. They combine with all the alkalies, and moft of 

the metallic oxides and earths, and form with them thofe 

compounds which are called neutraljalts. 
It rnuft be remarked, however, that every acid does 

not pofiefs all thefe properties ; but all of them poffefs 
a fufficient number of them to diflingudh them fiom 
other fubihmees. And this is the only purpofe which 

artificial definition is meant to anfwer. 
Paracelfus believed that there was only one acid prin¬ 

ciple in nature, which communicated tafte and folubdi- 

ty to the bodies in which it was combined. Beecher 
embraced the fame opinion'; and added to it, that this 

acid principle was a compound of earth and water, 
which he confidered as two elements. Stahl adopted 
the theory of Beecher, and endeavoured to prove, that 

his acid principle was fulphuiic acid; of which, ac¬ 
cording t'> him, all the other acids were mere com¬ 
pounds. But his proofs were only conjectures or vague 
experiments, from which nothing could be deduced. 
Neverthelefs, his opinion, like every other which he ad¬ 

vanced in chemiftry, continued to have fupporters fora 
long time, and was even countenanced by Macquer. 

At lafb its deredts began to be perceived ; Bergman and 
Scheele declared openly again!! it; and their difeove- 

ries, together with thofe of the French chemifls, not- 
with flan ding the ill-natured attempts of Monnct to fup- 
port it, demonflrated the falfehood of both parts of the 
theory, by (hewing that fulphuric acid did not exifl in 
the other acids, and that it was not compofed of water 

and earth, hut of fulphur and oxygen. 
The opinion, however, that acidity is owing to feme 

principle common to all the falts, was not abandoned. 
Wallerius, Meyer, and Sage, had advanced different theo¬ 

ries in fuccefiion about tbe nature of this principle ; but 
as they were founded rather on conjecture and analogy 

than dire& proof, they obtained but few advocates, 
s At lafl Mr Lavoifier, by a number of ingenious and ac¬ 

curate experiments, proved, that feveral combuflibte fub* 

fiances when united with oxygen form acids ; that a 
great number of acids contain oxygen ; and that when 
this principle is feparattd from them, they lofe their 
acid properties. He concluded, therefore, that the aci¬ 

difying principle is oxygen, and that acids are nothing 
elfe but combuflible fubftances combined with oxygen, 
and differing from one another according to the nature 
of the combuflible bafe. This conciufion has been con- 
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firmed by every fubfequent obfervation. All the acids Ackk , 
hitherto analyfed contain oxygen, one perhaps excepted, 
the Prufftc acid, which poffeffes properties fo different 
from the reft, that it might, without great impropriety, 
be placed in a diflinCl clafs. It is probable, therefore, 
that thofe acids which it has not yet been poffible to 
decornpofe cor«ftil of oxygen combined with a combuf- 
tible bafe : but till this analyfis has adlually been ac- 
complifhed, the theory of Mr Lavoifier cannot be con¬ 

fidered as completely demonflrated (r). ‘[Wth 
The acids at pvefent known amount, to about 39>acids.° 5 

moft of which have been examined within thefe 30 

years. Their names are as follows r 

1. Sulphuric acid, 
2. Sulphurous, 

3. Nitric, 
4. Nitrous, 

5. Muriatic, 
6. Oxy muriatic, 

7. Phofphoric, 

8. Phofphorous, 
9. Boracic, 

10. Fluoric, 
11. Carbonic, 

12. Acetic, 
13 Acetous, 

14. Oxalic, 
15. Tartarous, 

16. Citric, 
17. Malic, 

18. La&ic, 
19. Saccholadlic, 

20. Gallic, 

Benzoic, 
Succinic, 
Camphoric, 

Suberic, 

Laccic, 
26. Pyromticous, 
27. Pyrolignous, 

Pyrotartarous, 

Pruflic, 
Formic, 
Sebacic, 
Bombic, 
Zoonic, 
Arfenic, 
Tungflic, 

36. Molybdic, 
37. Chromic, 

38. Platinic, 
39. Stannic, 

21. 
22. 
23* 
24, 

lS 

28 

29. 

30 

31 
32 
33* 
34' 

35 

Thefe aciJs fliall form the fubjeft of the following 

fe&ions. 

Sect. I. Of Sulphuric Acid. 

Sulphur combines with two different quantities of 

oxygen : with the fmaller quantity it forms fulphurous 

acid; with the larger fulphuric acid. The lafl ot thefe 

is the fubje£l of the prefent fedtion. *9* 
The ancients were acquainted with fome of the com-^very^ 

pounds into which fulphuric acid enters; alum, for 
fiance, and green vitriol: but they appear to have been 
ignorant ofthe acid itfelf. It is firft mentioned in the 
works of Bafil Valentine, which were publifhed about 

the end of the 15th century. 
It was for a long time obtained by diddling green vi¬ 

triol, a fait compofed of fulphuric acid and green oxide 
of iron ; hence it was called oil of vitriol, and afterwards 
vitriolic acid. Another method of obtaining it was by 
burning fulphur under a glafs bell ; hence it was called 

alfo oleum fulphuris per campanam. The French che¬ 
mifls in t787, when they formed a new chemical no¬ 

menclature, gave it the name ot fulphuric acid. . 3^ 
At prefent it is generally procured by burning a Method of 

mixture of fulphur and nitre in chambers lined with procuring^ 

lead. The theory of this procefs requires no explana¬ 

tion. The nitre fupplies a quantity of oxygen to the 
fulphur, 

(r) This theory has been carried fo far by fome chemifts, that they have confidered it as a conclufive proof 

that oxygen did not enter into the compofition of a body, if they could (hew that the body was not an acid. 

Thus, according to them, water canncft contain oxygen, becaufe water is not an acid.— But furely "° the°r>'’ 
however ingenious and fatisfactory, can for a moment be put in competition with experiment. e way 

Nature are not as our ways, nor her thoughts as our thoughts. 
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Part H* 
Sulphuric fulphur, mi the m of the atmofphere furnifhes the reft. 

Acid. The acid thus obtained is not quite pure, containing a 
little potafs, fome lead, and perhaps alfo nitric and fill- 
phurous acids. Thefe acids may be driven off by ap¬ 
plying for fome time a gentle heat, and afterwards the 
fulphuric acid itfelf may be diftilled over pure. 

It appears from an experiment of Mr Berthollet, 
that fulphuric acid contains 63,2 parts of fulphur, and 
36,8 of oxygen. He afcertained, in the firft place *, 
that nitre is totally decompofed by being heated with 
gth of fulphur. He then mixed together 288 grains of 
nitre and 72 of fulphur; and after expofing them to 
a fufficient lftat, he found 12 grains of fulphur fubli 
med, and 228 grains of fulphat of potafs f. But the 
fum of the ingredients was 360 grains ; confequently 
120 grains have been diffipated. All this lofs muft have 
been fuffered by the acid of the nitre, for the heat was 
too fmall to feparate any of the alkali. According to 
Mr Kirwan, 288 grains of nitre contain 132,96 ot al¬ 
kali, and 155,04 of acid. 155,04 — \2C =: 35*04 = 
quantity of oxygen furnifhed by the nitre to convert 
60 grains of fulphur into acid. 

Sulphuric acid is a liquid, fome what of an oily cou- 
fiftence, tranfparent and colourlefs as water, without 
any fmell, and of a very ftrong acid tafte. When ap¬ 
plied to animal or vegetable fubitances, it very foon de- 
itroys their texture. 

It always contains a quantity of water; part of which, 
however, may be driven off by the application of a mo¬ 
derate heat. This is called concentrating the acid. When 
as much concentrated as polfible, its fpecific gravity is 
2,000. 

It changes all vegetable blues to a red, except indigo. 
According to Erxleben, it boils at 5460; according 

to Bergman, at 572°. 
When expofed to a fufficient degree of cold, it cry- 

ftallizes or freezes ; and after this lias once taken place, 
it freezes again by the application of a much inferior 
cold. Moreveau froze it at — 40; it affumed the ap¬ 
pearance of frozen fnow. After the procefs began it went 
on in a cold not nearly fo intenfe. The acid melted flow- 
ly at 27,5°;. but it froze again At the fame tempera¬ 
ture, and took five days to melt in the temperature of 
43° J. Chaptal, who manufactured this acid, once ob- 
ferved a large glafs veffel full of it cryftallized at the 
temperature of 48°. Thefe cryftals were in groups, 
and confided of flat hexahedral prifms, terminated by 
a fix fided pyramid. They felt hotter than the fur- 

\Journ. de rounding bodies, and melted on being handled §. Chap- 
JyJ' XXX1* tal has oblerved, that fulphuric acid, in order to cry- 

ftallize, muft not be too concentrated. This obferva- 
tion has been extended a good deal further by Mr Keir. 
He found, that fulphuric acid, of the fpecific gravity of 
1,780, froze at 450 ; but if it was either much more 

Suppl. Vol. I. Part. II. 

CHEMISTRY. 305 
or much lefs concentrated, it required a much greater Sulphuric 

cold for congelation Aci * 
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Sulphuric acid has a very ftrong attra&ion for water. * 
Neumann found, that when expofed to the atmofphere Tranf. 

it attracted 6,25 times its own weight. Mr GouldIxxvii. 
fpund, that 180 grains of acid, when expofed to thet>art “* 
atmofphere, attracted 68 grains of water the firft day, Its affinjty 
58 the fecond, 39 the third, 23 the fourth, 18 thefor water, 
fifth, and at laft only 5, 4, 3, 4, 3, &c. The 28th 
day, the augmentation was only half a grain f. The t Phil. 

affinity therefore between fulphuric acid and water, as 
is the cafe in general with other fubftances, becomes 
weaker the nearer they approach to faturation. He 
does not fpecify the fpecific gravity of his acid; but as 
it only attracted 3,166 times its own weight, it could 
not have been very concentrated. 

When fulphuric acid is mixed with water, a great 
quantity of caloric is evolved. A mixture of equal 
parts of thefe liquids caufes a heat almoft equal to that 
of boiling water. Lavoifier and De la Place found, 
that when 2,625 lbs. troy of fulphuric acid, of the fpe¬ 
cific gravity 1,87058, was mixed ,\vith 1,969^8. troy 
of water, as much caloric was evolved as melted 4,1226 
pounds troy of ice, or as much caloric as the acid and 
water would have given out had they been heated with¬ 
out mixture to 155*9° t* This caloric is owing chiefly, 1 Mem. 

if not folely, to the increafc of denfity in the water; for^anI^°* 
when equal quantities of fulphuric acid and wrater are 
mixed together, the fpecific gravity is much greater 
than the mean ; and it has been formerly ftiewn, that 
whenever bodies become denfer they give out caloric. 397 

Since there is fuch a ftrong affinity between fulphu- Strength of 
ric acid and water, and fince the denfity of the mixture 
is different from the mean denfity of the ingredients, it n-olls 
becomes a problem of the greateft importance to deter- fities. 
mine how much of the ftrongeft fulphuric acid that can 
be prepared exifts in any given quantity of fulphuric 
acid of inferior fpecific gravity, and which confequently 
confifts of a determined quantity of this ftrong acid di¬ 
luted with water. 

This problem has been folved by Mr Kirwan §. Iffe§/r;/& 
took fulphuric acid of the fpecific gravity 2,000, which Prunf. iv« 
is the ftrongeft that can be procured, for his ftandard, and 
the point was to determine how much of this ftandard 
acid exifted in a given quantity of acid of inferior denfity. 

He concluded, from a number of experiments with 
fulphuric acid, of the fpecific gravities 1,8846, 1,8689, 
1,8042, 1,7500 (for he could not procure an add of 
the fpecific gravity 2,000 at the temperature of 603, in 
which his experiments were performed), that when 
equal parts of ftandard acid and water are mixed, the 
denfity is increafed by Tyth part of the whole mixture. 
Then, by applying a formula given by Mr Poujet (s), 
he calculated, that the increafe of denfity, on mixing 

Q^q different 

(s) Mr Poujet undertook the examination of the fpecific gravity of alcohol mixed with different quantities of 
water. He took for his ftandard alcohol whofe fpecific gravity was 0,8199, at the temperature of 65,75°. He 
then formed ten mixtures; the firft containing nine meafures of alcohol and one of water, the fecond eight mea- 
fures of alcohol and two of water, and fo on, till the laft contained only one meafure of alcohol and nine of water. 
He took care that each of thefe meafures fliould contain equal bulks, which he afcertained by weight, obferving 
that a meafure of water was to a meafure of alcohol as 1 to 0,8199. Thus 10000 grains of water and 8199 of 
alcohol formed a mixture containing equal bulks of each. From the fpecific gravity of each of thefe mixtures 
he difeovered how much they had diminiflxed in bulk in confequence of mixture, by the following method. 

Calling 
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Sulphuric different quantities of ffandard acid and water, was as 

Ac*d; in the following table : 

Number of 
parts of 
water. 

Number of 
parts of ftan¬ 

dard acid. 

Augmenta¬ 
tion of dtn- 

fity. 

5 95 0,G252 

10 90 0,0479 

15 85 0,0679 

20 80 0,0856 

25 75 0,0699 

■ 3° 7° 0,1 I 19 

35 65 0,1213 

40 60 0,1279 

45 55 °»I3I9 
• 50 5° o,x333 

The firft 50 numbers of the following table were 

formed by adding thefe augmentations to the Specific 

gravity of the above mixture found by calculation, and 
taking the arithmetical mean for the intermediate quan¬ 

tities. The remaining numbers were formed from ac- 

tual obfervation. He found by the firft part of the 
table, that ioo parts of acid, of the fpecific gravity 

1,847a, contained 88,5 parts ftandard, confequently 

PartlL 
400 grains of this acid contain 354 grains ftandard. He Su'P;!l“ric 
took fix portions of this acid, each containing 4QO. c* ’ j 
grains, and added to them as much water as made them 

contain refpectively 4H, 46, 44, 42, 40, 38 grains ftan¬ 
dard. The quantity of water to be added in order to 

produce this effedl, he found by the following method. 
Suppofe x = the quantity of water to be added to 400 

parts of acid, that the mixture may contain 48 per cent. 
of ftandard acid. Then 400 + x : 354 : : ioo : 48, and 

confequently x = 337,5. After finding the fpecific 
gravity of thefe, the half of each was taken out, and as 
much water added; and thus the fpecific gravities, cor- 

refponding to 24, 23, 22, 21, 20,. 19, were found. 
Then fix more portions, of 400 grains each, were ta¬ 

ken, of the fpecific gravity 1,8393, and the proper 
quantity of water added to make them contain 36, 34, 

32, 30, 28, 26 percent. of ftandard. Their fpecific 
gravities were found, the half of them taken out, and as 
much water added; and thus the fpecific gravity of 18, 

17, 16, 15, 14, and 13 found. Care was taken, after 
every addition of water, to allow the ingredient fuffi- 

cient time to unite. 
The laft 11 numbers were only found by analogy ; 

obferving the feries of decrement of the four laft num¬ 

bers before them. 
Table 

CHEMISTRY. 

STSZci. JU Inc. the in.ce.fc of d.nf.cy doc, no, dimndfh 

the weight of the whole mafs, that «B = n — jcXA. Therefore * = —X «, or (making « - *) - 

A— B A — B is tj,erefore the diminution of volume produced by the mixture. 

The following table contains the refult of MrPoujet’s experiments, calculated according to that formula; the 

whole volume or n being = 1 # 

Meafu 

Water. 

res of 

Alcohol. 

Diminution of 
the whole vo¬ 
lume = 1 by 
experiment. 

By calculation. 

I 9 0,0109 0,0103 

2 8 0,0187 0,0184 

3 7 0,0242 0,0242 

4 6 0,0268 0,0276 

5 5 0,0288 

6 4 0,0266 0,0276 

7 3 0,0207 0,0242 

8 2 0,0123 0,0184 

9 1 0,0044 —0.0103 j 

I. » ..‘dent, from this table, that th. di~ - 

ll of alcohol in th. oi«u«. Thus in a mivtuc. formedof... • of hc 

will contain a tfuantit,°*“>1 = » h i. • «» 
pater will contain a quantity of alcohol = 5. 1 neretore tne aunmu . a X 6» 
impounded of the meafures of alcohol and water which forni it; in the a ovf_ >_ J?e equal for a conftant 
^c And in general, taking the diminution of bulk when the meafures o ^ , v - tu ;ncreafe of 
Quantity, and calling it r, cling the number of meafures «, the number of meafures of alcohol ,, the mcreaftot 
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Sulphuric 

Acid. 

CHEMI 
Tats IE of the Quantity of Standard Sulphuric Acid, 

Specific Gravity 2,000 in Sulphuric Acid of inferior 

Denfity, Temperature 6o°. 

too parts, 
at the fpe¬ 
cific gra¬ 

vity 

Contain 
of ftan¬ 

dard acid 

ioc part?, 
at the fpe¬ 
cific gra¬ 

vity 

Contain 
of ftan¬ 

dard acid 

100 part?, 
at the fpe- 
cific gra¬ 

vity 

Contain 
of ftan¬ 

dard acid 

2,000 100 1,6217 67 1,2847 34 
1,9859 99 I,6l22 66 1.2757 33 

1 >9719 98 1,6027 65 1,2668 32 

1 >9579 97 1>593* 64 1,2589 3i 

I>9439 96 1,5840 63 1,2510 30 
1,9299 95 1.5748 62 1,2415 29 

1,9168 94 1,5656 61 1,2320 28 

i,9°41 93 '.5564 60 1,2210 27 
1,8914 92 M473 59 1,2101 2 6 

1,8787 91 1.5385 58 1,2009 2 5 
1,8660 90 I,5292 57 1,1918 24 

>,8542 89 1,5202 56 1,1836 23 
1,8424 88 i ,5112 55 1,1746 22 

1,8306 87 1,5022 54 1,1678 21 

1,8188 86 L4933 S3 x,i6r4 20 

1,8070 85 1,4844 52 1,1531 T9 

J»7959 84 *>4755 1,1398 18 

1,7849 83 1,4666 5° 1,1309 17 

i.773s 82 1>4427 49 1,1208 16 

1.7629 81 1,4189 48 1,1129 I5 

' .75*9 80 i,4°99 47 1,1011 H 
1,7416 79 1,4010 46 <>°9 55 *3 

1.7312 78 1^875 45 1,0896 12 

1,7208 77 1 >3 741 44 i>o833 11 
1,7104 76 ^3663 43 1,0780 10 

1,7000 75 1,3586 42 *,°725 9 
1,6899 74 I>347 3 4i 1,0666 8 

1,6800 73 1,3360 40 1,0610 7 
1,6701 72 J>3254 39 1,05:5 6 

1,6602 71 I>3149 38 1,0492 5 
‘.6503 70 I,3I°2 37 1,0450 4 
1,6407 69 i»3°56 36 1,0396 3 

1 *.6312 68 | 1 I>2951 35 1*0343 2 
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But we have no reafon to ftippofe that fulphuric acid, Su^”nc 

at the denfity 2,000, is free from all mixture of water ; 1 
fo far from that, we know for certain that it contains a 39s 
confiderable proportion ; for when it is combined with Quantity 

other bodies, barytes, for inftance, or potafs, there w 
confiderable quantity of water which remains behind, 
and does not enter into the combination. Now, is hac[j. 

pofiible to determine what would be the denfity of ful¬ 
phuric acid, fuppofing it to be deprived of all water, or 
at lead of all water except what is neceftary for its ex- 

i [fence as an acid ? or to determine, how much real acid 

exifts in a given quantity of ftandard acid ? 
Homberg firft attempted to anfwer this queftion. It 

was afterwards undertaken by Bergman, and Wenzel, 
and Wiegleb. They do not inform us of the quantity 
of water contained in a given weight of acid, but they 
put it in our power to find it, by informing us how 
much real acid is necefiary to laturate a given quantity 
of potafs. Their refpe&ive experiments give the fol¬ 

lowing numbers: 
Homb. Berg. Wenzel. Wiegleb. 

100 parts of potO g g g 6 10l,92.. 
afs require J J J 

Homberg ufed carbonat of potafs, and did not take 
into confideration the carbonic acid driven off by the 

fulphuric. When this is taken in, his number fliould 

be 54 inftead of 38,3. 
Now to difcover the quantity of real acid in any ful¬ 

phuric acid mixture, we have only to find out how much 
potafs it would require for faturation. The differences 
between the above refults are fo great, that there was 
reafon to fufpedt their accuracy. Mr Kirwan therefore 
attempted to afcertain the denfity of pure fulphuric 

acid by another method, and he rated it at 4,226. As 
this method has been already defcribed in the article 
Chemistry, EncycL we cannot enter upon it here. 
At any rate, it would be unnecefiary, as many of the 
principles upon which Mr Kirwan went were, erroneous, 
as Mr Morveau* and Mr Keir f have fufficiently (hewn; * Encyc. 

and Mr Kirwan, with his ufual candour, has accord- Method, art. 

ingly abandoned it, and adopted another method which 

is not liable to the fame exceptions. Pie diflblved 1523,5 Dictionaryt 

CLq* grains art. Acid. 

denfity or diminution of bulk 2; ; we {hall have c : z : : ~ X 
_ 4 c - 
e -u- *, X a; and z zz — X n x—x\ or (making 

n zz 1) ~ 4 c x\ 
The diminution of bulk, calculated according to this formula, make the laft column of the above table. They 

correfp0nc| very well with experiment, while the meafures of alcohol are mCre than thofe of water, but not when 
the reverfe is the cafe. This Mr Poujet thinks is owing to the attra&ion which exifts between the particles of 
water, and which, when the* water is confiderable compared with the alcohol, relifts the union of the water with 

the alcohol. 
A £ fl hm A Q 

By the formula z r= ---, the quantity of alcohol of the ftandard may be determined in any mix- 

ture where the alcohol exceeds the water. 
Let the number of meafures, or the whole mafs - - - = 1 
The meafures of alcohol - -- -- -- - zzx 

The diminution of bulk at equal meafures - - - - = c 
The diminution of bulk of a mixture containing x meafures of alcohol - =2 ^.cx — /\.cx9 
The fpecific gravity of water - - - - - zz a 
The fpecific gravity of the alcohol - - - - = h 
The fpecific gravity of the unknown mixture - - t . = y 
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Sulphuric grains of pure carbonat of potafs, dried in a red heat^in 

Acid. diftilled water. The whole weighed 4570 grains. He 

->■- took 560 grains of this mixture, which contained .20 
grains of carbonat of potafs, and faturated it with pure 

fulphuric acid of the fpecific gravity 1,565, winch, ac¬ 
cording to the above table, contained 61 percent, ot 
ftandard acid. The acid required for faturating the fo- 

lution of potafs amounted to 130 grains, and contained 
therefore 79 of ftandard. The carbonic acid difenga- 
ged was 54 grains, and confequently the quantity of al¬ 

kali was 120 - 34 = 86 grains. The folut.on being 
turbid, was diluted with 3238 grains of water. its 

fpecific gravity was then 1,013 at the temperature of 

6o°. The weight of the whole was 3694 grains. Forty- 
five grains of fulphat of potafs (petals combined with 
fulphuric acid), diffolved in 1017 grains of diftilled wa¬ 

ter, have the fame fpecific gravity at the fame tempera- 
ture : from whence it follows, that the proportion of 

fait in each was equal. But in the laft folution the quan- 

tity of fait was of the whole ; therefore the quan_ 

tity of fait in the’firft was = 159>52 Srs- Now 

of this weight 86 grains were alkali; the remainder, 

therefore, which amounts to 70,52 grams, muft be 
acid. But the quantity of ftandard acid employed was 

<70 grains; of this there were grams which did not 
enter into the combination, and which muft have been 
pure water : 79 parts of ftandard acid, therefore, con¬ 

tain at leaft 8,5 parts of water, and confequently too 
parts of ftandard acid contain 10,75 parts oi water, it 
only remains now to confider how much water fulphat 
of potafs contains. Mr Kirwan thinks it contains none, 
becaufe it lofes no weight in any degree of heat below 

ignition, and even when expofed to a red heat for half 

an hour it hardly lofes a grain. This is certainly fuf- 

ficient to prove, at leaft, that it contain, veryr little wa- 
ter ; and confequently we may conclude, with Mr 1 , 
wan, that 100 parts of fulphuric acid, of the fpecific 
gravity 2,000, are compofed pretty nearly of 89,25 oi 

pure acid and 10,75 of «ater. This method ufed by 
Mr Kirwan is nearly the fame with that propofed by 

Mr Iveir * 
It feems even poffible to obtain fulphuric acid free 

from all the water that may not be neceffary to its acid 
ftate. When it is procured by diftillation from green 

vitriol, if the receiver be changed after the procefshas 

gone on for fome time, a quantity of acid is obtained m 

* Keir's 
Dictionary, 
art. Acid. 

S T R Y. Part II. 
a folid form, or cryftallized. This, as Morveau has Sulphuric 
{hewn, is fulphuric acid deprived of the water with, Actd‘ J 

which it is ufually combined. When this glacial acid, 
as it has been called, is expofed to the air, it rifes in 

white fumes, and is foon difiipated. This fingular effed 
is produced by its violent attraction for the water which 

exifts in atmofpheric air. When thrown into water, it 

feizes it with violence ; a great deal of caloric is evolved, 
fufficient, if the quantity of water be not too great, to 

elevate the whole in vapours *. 
Sulphuric acid is capable of decompofing alcohol and 

oils ; and when affifted by heat, it decompofes alfo fome 590#* ' 

of the metallic oxides which contain the greateft quan- 399 
tity of oxygen; as red oxide of lead, black oxide of man-A&ion of 

ganefe. It decompofes likewife all the fulphurets and^^ 

phofphurets which have an alkaline or earthy bafis. bodies. 
It oxidates iron, zinc, and manganefe, in the cold. 

By the affiftance of heat it oxidates filver, mercUry, 
copper, antimony, bifmuth, arfenic, tin, and tellurium. 

At a boiling heat it oxidates lead, cobalt, nickel, mo¬ 
lybdenum. It does not ad upon gold, platinum, tung- 

ften, nor titanium. 
It unites readily with all the alkalies, the alkaline 

earths, alumina, and jargonia, and with moft of the me¬ 
tallic oxides, and forms falts denominatedfulphats. Thus 
the combination of fulphuric acid and foda is called ful¬ 

phat offoda ; the compound of fulphuric acid and lime, 

fulphat of lime, and fo on. It does not ad upon filica 

nor adamanta. 
The affinities of fulphuric acid are as follows f : 

Barytes, 

Strontites J, 

Potafs, 

Soda, 
Lime, 

Magnefia, 
Ammonia, 

Alumina, 
Jargonia § ? 

Oxide of zinc, 
-— iron, 
--manganefe, 

-cobalt, 

.-nickel, 

-lead. 

400 . 

Its affini¬ 
ties. 
f See Berg* 

man 3nd 
Lavoijtcr. 
| Dr Hope, 
Tranf. Edin, 
iv. 

§ Vauqnelini 
Ann. de 
Cbim, xxii. 
ao8u 

tin, 
copper, 

. bifmuth, 
Oxide 

Then fince the increafe of denfity does not change the weight of the whole, i _*X*-+**- 

a — h 
l — 4 C x + 4 c X1 X S' 

Hence x = 0,5 
8 c y 

a — a x + b x 
V V 

— V {a ■— b 

8 cy 
“0,5 j 

y ~~ 1 _ 4 c x •+• 4 c 
And making a z=. 1, b ~ 0,8199> c = 0,0288 

0,1801 
* = 0,5 

c — 

/— 
V o,; 

_y ( 0,l80I 

0,11525 \©>23°4y 
■0,5 

0,23045 
1 — 0,1801 x 

y = 1—0,1152*+ 0,1152^- See Jrijh Tranf. III. 
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Component 
part& of ful 
phurous a- 

cid. 

Oxide of antimony, 
-- arfenic, 
- mercury, 

.— filver, 

- gold, 
- platinum, 

Oil, 

Water. 

Sect. II. Of Sulphurous Acid. 

% Fourcroy 
and Vau. 
yuelin* 

402 

Its difco- 
very. 

4° 3 
Method of 
procuring 
it. 

404 

ffts proper¬ 
ties, 

Sulphurous acid is compofed of fulphur and oxy¬ 

gen combined : the proportions have not been afcer- 

tained ; -but the faft itfelf, and that the quantity of 
oxygen is lefs than what enters into fulphuric acid, has 
been proved beyond the poffibility of doubt. Neither 

can it be doubted, though the fa& has not been attend¬ 
ed to, that in this acid the fulphur and oxygen mutu¬ 

ally fat urate each other ; and that fulphuric acid is not 
compofed of fulphur and oxygen, but of fulphurous acid 
and oxygen. Phofphorus is capable of ^decompofing 

fulphuric acid by the affiftance of heat, of feizing a 
quantity of its oxygen, and converting it into fulphu¬ 
rous acid ; but upon fulphurous acid it has no efft£fc 
whatever *. The affinity of phofphorus therefore for 

oxygen is lefs than that of fulphur; yet it is capable of 
taking oxygen from fulphuric acid. Is it not evident 
from this, that fulphuric acid is compofed of fulphu¬ 
rous acid and oxygen ? anxd that fulphur has a ftronger 
affinity for oxygen than fulphurous acid has ? For if 
both the acids were compofed dire&ly of fulphur and 
oxygen, it would follow from experiment, that the affi¬ 

nity of phofphorus for oxygen was both Wronger and 
weaker than that of fulphur; which would be abfurd. 

Sulphurous acid has been known fince the time of 
Stahl. Scheele firft difeovered the method of obtain¬ 
ing it in quantities; and Dr Prieftley firft procured it 
in a ftate of purity ; for Scheele’s acid was diffolved in 

water. 
Stahl’s method of procuring fulphurous acid was to 

burn fulphur at a low temperature, and expofe to its 
flames cloth dipped in a folution of potafs. By this me¬ 
thod he obtained a combination of potafs and fulphu¬ 
rous acid ; for at a low temperature fulphur forms by 
combuftion only fulphurous acid. On this fait Scheele 
poured a quantity of tartarous acid, and then applied a 
gentle heat. The fulphurous acid is in this manner dis¬ 
placed, becaufe its affinity for potafs is not fo ftrong as 
that of tartarous acid ; and it comes over into the recei¬ 
ver diffolved in water. It is now commonly procured 
by mixing with fulphuric acid oil, greafe^ metals, or 
any other fubftance that has a {Ironger affinity for oxy¬ 
gen than fulphurous acid, and applying a heat fnfficient 

to diftil over the fulphurous acid as it forms. Mr Ber- 
thollet has found, that fugar is the beft fubftance to 

employ for this purpofe. 
Dr Prieftley poured a little oil on fulphuric acid, ap¬ 

plied heat, and received the produ& in a glafs jar filled 
with mercury. It was fulphurous acid free from all fu- 

perfluous water, and in a gafeous form. 
In this ftate it is colourlefs and invifible like common 

air. It is incapable of maintaining combuftion ; nor 
can animals breathe it without death. It has a ftrong 

and fuffocating odour. It is this odour which burning 

fulphur exhales. Its fpecific gravity, according to Berg- 

I S T R Y. 3°9 
man, is 0,00246 * ; according to Lavoifier, 0,00*51 t-Su'£™us 
Clouet and Monge found, that by the application of v 

extreme cold it is converted into a liquid. # * On kJec- 
Dr Prieftley difeovered, that when a ftrong heat is the Attnc- 

applied to this acid in clofe veffels, a quantity of ful-<« 

pliur is precipitated, and the acid is converted mto iul- appendix. 
phuric Berthollet obtained the lame refidt! but j. Qfl /i/,, 

Fourcroy and Vauquelin could not fucceedf _ ii. 330. 
Water abforbs this acid with avidity. According to 

Dr Prieftley, 1000 grains of water, at the temperature^ 

54,5", abforb 39,6 grains of this acid. The fpecihc 
o-ravity of water faturated with fulphurous acid is 1 .oqolj. || BerttolUt, 

Water in the ftate of ice abforbs it very rapidly, and is ^ ^ 
inftantly melted. Water faturated with this acid can ^ 

be frozen without parting with any of it. When wa¬ 
ter, which has been faturated with this acid at the free¬ 

zing temperature, is expofed to the heat of 65,25Q> it is 
filled with a vaft number of bubbles, which continually 
increafe and rife to the furface. Thefe bubbles are a 
part of the acid feparating from it. It freezes a few 
K , , „ -r If Fourcroy 
degrees below 32 ^f. and Vau- 

Sulphuric acid abforbs it at zero; but allows great^uen„7 #/- 

part of it to efcape at 32 cbolfonyibiJ* 
It reddens tin&ure of turnfol; but deftroys the co- * Ibid. 

lour of fyrup of violets. 
It is decompofed by hydrogen and carbon, and ful- 

phurated hydrogen gas, when affifted by heatf. . . f Ibid. 
Oxygen gas gradually converts it into fulphuric acid ; 

but this change does not take place unlefs water be 

prefent. 
It does not feem capable of oxidating any of the 

metals except iron, zinc, and manganefe. 
When in the ftate of gas it is abforbed by oils and 

ether. . , 
When glafs tubes, filled with fulphurous acid m the 

ftate of gas, are expofed to a ftrong heat, a quantity ot 
fulphur precipitates, and the reft of the acid is convert¬ 

ed into the fulphuric. , T 405 , - 
It combines with the alkalies, alkaline earths, and Its combi- 

alumina, and many of the metallic oxides, and torms neu- * 

tral falts, known by the name offulphiles. > 4c6 
Its affinities, as far as they have been inveftigated. And affinl- 

are as follows £ : 
Barytes, 
Lime, 
Potafs, 
Soda, 
Magnefia, 1 
Ammonia, y 
Alumina* 
Jargonia * ? 
Metallic oxides. 
Water. 

ties. 
\ Ibid. 

# Vauqmliw^ 
Ann. de 
Cbim. xxii* 
208, 

Sect. Ill* Of Nitric Acid. 

There are three different fubftances compofed of a- 

zot and oxygen, nitric acid, nitrous acid, and nitrous gas. 
The firft contains moft oxygen; the laft contains leaft. ^ 

Nitric acid feems to have been firft obtained in a fe-Difcovery 
parate ftate by Raymond Lully, who was born at Ma-of nitris a* 

forca in 1235. He procured it by drilling a mixturecid. 

of nitre and clay. Bafil Valentine, who lived in the 
15th century, deferibes the procefs minutely, and calls 

the acid water of nitre. It was afterwards denomina¬ 
ted 



* Specie. 

400 

V>i covery 
of its com¬ 
ponent 
pans. 

* Fe^t. 
Statics, 
ii. 284. 

f Phil. 
<Travf. 

J7«4- 
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ted rtqj/a fords and /pint of nitre. The name nitric acid 
was fil'd given it in 1787 by the French chemids. 

Nitric acid is generally obtained in large manufa<5!o- 
r*ts by dillilling a mixture of nitre (t) and clay; )>ut 
the acid procured by this procefs is weak and impure. 

Chemids generally prepare it by diddling three parts 
of nitre and one of fulplmric acid in a glafs retort. This 
method was firlt ufed by Glauber. When obtained in 
this manner it contains fume nitrous acid, which may 
be expelled by the application of a very gentle heat *. 

Nitric acid is one of the mod important iudruments 

of analyfis which the chemid poffeffes ; nor i3 it of in¬ 
ferior confequence when conlidered in a political or com- 
meicial view, as it forms one of the mod effential in¬ 

gredients of gunpowder. Its nature and compofition 
accordingly have long occupied the attention of philo- 
fophers. We fhall endeavour to trace the various deps 

by which its component parts were difeovered. 
As nitre is often produced upon the furface of the 

earth, and never except in places which have a commu¬ 
nication with atmofpheric air, it was natural to fuppofe 
that air, or fome part of the air, entered into the com¬ 
pofition of nitric acid. Mayow having obferved, that 
nitre and atmofpherical air were both poffeffed of the 
property of giving a red colour to the blood, and that 
air was deprived of this property by combudion and 
refpiration - concluded, that nitre contained that part of 

the ait which fupported cotnbujiion, and was necejfary for 
refpiration. 

Dr Hales, by applying heat to nitric acid, and what 
he called JValton mineral, obtained a quantity of air pof¬ 

fefled of Angular properties. "When atmofpherical air 
was let into the jar which contained it, a reddifh turbid* 
fume appeared, a quantity of air was abforbed, and the 
remainder became tranfparent again *. Dr PrieAley 

difeovered that this air could only be obtained from 
nitric (u) acid; and therefore called it nitrous air. He 

found that when this gas was mixed with oxygen gas, 

nitrous acid was reproduced. Here, then, we find, that 
oxygen is a part of the nitric acid, and confequently 
that Mavow’s affirmation is verified. 

Dr Priedley, however, explained this faft in a diffe¬ 
rent manner. According to him, nitrous gas is com¬ 
pered of nitrous acid and phlogidon. When oxygen 

is added, it feparates this phlogidon, and the acid of 

courfe is precipitated. This hypothefis was adopted 
by Macquer and Fontana ; and thele three philofophers 
endeavoured to fupport it with their ufual ingenuity. 

But there was one difficulty which they were unable to 
furmount. When the two gafes are mixed in proper 

proportions, almod the whole affumes the form of ni¬ 
tric acid ; and the fmall refiduum (T*Tth part), in all 

probability, or rather certainly, depends on fome acci¬ 
dental impurity in the oxygen gas. What then be¬ 
comes of the oxygen and phlogidon ? Dr Priedley 

fuppofed that they formed carbonic acid gas : but Mr 
Cavendifh proved, that when proper precautions are ta¬ 
ken, no fuch acid appears f. 
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Dr Priedley had procured his nitrous gas by diffolving* Nitric 

metals in nitric acid ; during the folntion of which a '^id- 
great deal of nitrous gas efcapes. He fuppGfed that v --1 

nitrous gas contained phlogidon, becaufe the metal was 
oxidated (and confequently, according to the then re¬ 
ceived theory, mud have lod phlogidon) during its for¬ 

mation. Mr Lavoifier proved that this fuppofition was 
ill-founded by the following celebrated experiment * : * M*n. 

To 94; grains of nitric acid (fpeciftc gravity 1,316)‘ 
he added 1 /04 grains of mercury. During the folntion^* 1 

273,234 cubic inches of nitrous gas were produced. He 
then diddled the fait (oxide of mercury) which had 
been formed to drynefs. As foon as it became red hot 

it emitted oxygen gas, and continued to do fo till al¬ 
mod the whole of the mercury was revived: The quan¬ 

tity of oxygen emitted was 287)742 cubic inches. All 
that had happened, therefore, during the folution of the 
mercury, was the feparation of the acid into two parts; 

nitrous gas, which flew off, and oxygen, which united 

with the metal (x). 
Mr Lavoifier concluded, therefore, that the whole of 

the nitrous gas was derived from the nitric acid ; that 
nitric acid is compofed of oxygen and nitrous gas ; and 
that the proportions are nearly 64 parts by weight of 

nitrous gas, and 36 of oxygen gas. 
But there was one difficulty which Mr Lavoifier ac¬ 

knowledged he could not remove. The quantity of 
oxygen obtained by decompofing nitric acid was often 
much greater than what was neceffary to faturate the 
nitrous gas. Mr De Morveau attempted to account 

for this ; but without fuccefsf. Nitrous gas itfelf was 
evidently a compound; but the difficulty was to difeo- 

ver the ingredients. Mr Lavoifier concluded, from an Nitrigus. 
experiment made by decompofing nitre by means of 
charcoal, that it contained azot : and feveral of Dr 
Priedley’s experiments led to the fame refult. But 

what was the other ingredient ? 
Mr Cavendifh had obferved, while he was making ex¬ 

periments on the compofition of water, that fome nitric 
acid was formed during the combudion of oxygen and 
hydrogen gas, and that its quantity was increafed by 
adding a little azot to the two gafes before the explo- 
fion. Hence he concluded that the formation of the 

acid was owing to the accidental prefence of azotic gas. 
To verify this conje&ure, he paffed an ele&rical fhock 
through a quantity of common air enclofed in a glafs 

tube : the air was diminifhed, and fome nitric acid 

formed. He repeated the experiment, by mixing toge¬ 
ther oxygen and azotic gas; and found that when they 
bore a certain proportion to each other, they were to¬ 

tally convertible into nitric acid. In one experiment, 
the proportion of azot to oxygen (in bulk) was as 416 

to 914 ; in another, as 192c to 4860^. \ phll. 
Thefe experiments were immediately repeated by Iran/. 

Meffrs Van Marum and Van Troodwyk, and with near-1?^* 

ly the fame refult. 
The mod convenient method of performing them is 

the following : Take a glafs tube, the diameter of 
which 

(t) Nitre is compofed of nitric acid and potafs. 
(u) Or nitrous acid : for at the period of Dr Priedley’s difeovery (1772) they were not accurately didin- 

guifhed. 

(x) We have already mentioned, in a preceding note, that this experiment was fird made by Mr Bayen. See 
.Part I. chap. iii. of this Article. 
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which is about the fixtli part of an inch, through the 
cork that fhuts one end of which let a fmall metallic 
conductor pafs with a ball at each end. ^ Fill this tube 

with mercury, and plunge its open end into a bafon of 
mercury : then put into it a mixture of 0,13 of azotic 
and 0,87 of oxygen gas, till it occupies three inches of 
the tube ; and introduce a folution of potafs till it till 
half an inch more. Then, by means of the condu&or, 
make elearical explofions (from a very powerful ma¬ 

chine) to pafs through the tube till the air is as much 
diminifhed as poffible.. Part of the potafs will be found 
converted into nitre. Mr Cavendifh aaually faturated 

the potafs with this acid. Mr Van Marum did not, 
though a good deal more gas had difappeared than in 
the experiments of Mr Cavendifh. T. his difference evi¬ 

dently depends on the quantity of potafs contained in 
a given weight of the folution. The folution which 
Mr Van Marum ufed was no doubt ftronger than that 

which Mr Cavendifh employed. 
Dr Prieftley had obferved, feveral years before theie 

experiments were made, that atmofpherical air was di- 

minilhed by the eledric fpark, and that during the di¬ 
minution the infufion of turnfol became red; but he 
concluded merely that he had precipitated the acid ot 
the air. Landriani, who thought, on the contrary, 

that carbonic acid gas was formed, enounced the alte¬ 
ration of lime-water by it as a proof of his opinion. It 
was to refute this notion that Mr Cavendifh undertook 
his experiments. He has fince that time repeated them 

with the fame fuccefs *. 
It cannot be doubted, then, that nitric acid is com- 

pofed of azot and oxygen ; for the obje&ions of Dr 
Prieftley have been eoniidered while we were treating 
of water. Confequenfcly nitrous gas muflalfo be com- 
pofed of the fame ingredients. According to Lavoi- 

tier, nitric acid is compofed of four parts, by weight, 

of oxygen and one part of azot. 
Nitric acid is liquid, colourlefs, and tranfparent ; but 

the affinity between its component parts is fo weak, 
that the a&ion of light is fufficient to drive off a part 

of its oxygen in the form of gas ; and thus, oy conven¬ 
ing it partly into nitrous acid, to make it affume a yel- 
low colour. Its tafte is exceedingly acid and peculiar. 
It is very corrofive, and tinges the Ik in of a yellow co¬ 
lour, which does not difappear till the epidermis comes 

off. 
It has a ftrong affinity for water, and has never yet 

been obtained except mixed with that liquid. When 
concentrated,, it attra&s moiflure from the atmofphere, 
but not fo powerfully as fulphuric acid. It alfo pro¬ 
duces heat when mixed with watelyowing evidently to* 

411 the concentration of the water. 
Its lirength The fpecific gravity of the flrongeft nitric acid that, 
at different can be procured is, according to Rouelle, 1,383 ; but 

fpecific gra-at the temp6rature of 6o°, Mr Kirwau could not pro- 

cure it ftronger than 1,5543. 
Taking this acid for the ftandard, Mr Kirwan has. 

calculated how much of it exifts in nitric acid of infe¬ 
rior denfity. His determination may be feen in the 
following Table, which was formed precifely in the fame 

manner as that formerly given of the ftrength of fuU 

phuric acid. 
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100 parts, 
at the fpe¬ 

Contain 
of 

100 parts, 
it the fpe¬ 

Contain! 
of Ran- | 

too parts, 
at the fpe¬ 

Contain 
of ft an- 

cific gra- ( 
vity 

Ui Item 
iard acid 

cific gra- ( 
vity 

dard acid 
cific gra- 

vity 
iard acid 

i>5543 lOO 1,4018 
/* 
70 1,2586 44 

1)5^95 9? 1,3975 69 1,2525 43 

1,5183 94 1,3925 68 1,2464 42 

i,5°7° 93 1.3875 67 1,2419 4* 

i)4957 92 1,3825 66 i,-374 40 

1,4844 9* '.3775 65 1,2291 39 

1,4731 90 1,3721 64 1,2209 38 
1,4719 89 1.3671 63 1,2180 37 

1,4707 88 1,3621 62 1,2152 36 
1,4695 87 1 >3 5 71 61 1,2033 35 
1,4683 86 '.3521 60 1,2015 34 

i,4^71 85 1,34.68 59 1,1963 33 
1,4640 84 1.3+27 58 i,*911 32 
1,4611 83 1.3366 57 1,1845 31 
1,4582 82 56 i,i779 3° 

1,4553 8 r i,3z64 55 1,1704 29 

1,4524 80 1,3212 54 1,1639 28 

1,447* 79 i,3i6° 53 1,1581 27 

1,4422 78 i,3iq8 52 1,1524 26 

i,4373 77 i,3°56 5* 1,1421 25 
1,4324 76 i,3°°4 50 1,1319 24 

i,4275 75 1,2911 49 1,1284 23 
1,4222 74 I,28l2 48 1,1241 22 

1,4*71 73 1,2795 47 1,1165 21 

1,4120 72 1,2/79 1 46 1,1111 20 

1,4069 1 71 1,2687 45 1 1,1040 1 *9 j 

Now, how much water does nitric acid contain, the 

denfity of which is 1,5543 ? 
Mr Kirwan dried a quantity of cryftallized carbonat Quantity 

of foda in a red heat, and diffolved it in water, in ^ch^^f 
a proportion, that 367^ grains of the folution contained conCen«- 
30,05 of alkali. He faturated 367 grains of this folii-trated ni- 
tion with 147 grains of nitric acid, the fpecific .gravity trie acid, 

of which was 1,2754, and which, therefore, by the pre¬ 
ceding table, contained 45,7 per cent. of-acid ftandard. 
The carbonic acid driven off amounted to 14 grains. 
On adding 939 grains of water, the fpecific gravity of 

the folution, at the temperature of 58,5% -was 1,0401.^ 
By comparing tin's with a folution of nit-rat-of-foda, or' 
the fame denfity, precifely in the manner deferibed for¬ 
merly under fulphuric acid, lie found, that the fait con¬ 

tained in it amounted to 
16,901 

. of the whole. There 

was an excefs of acid of about two grains. The weight 
of the whole was 1439 grains : The quantity of fait,. 

confequently, was '4~ = 85,142 grains. Thequan- 
n J 16,901 

tity of alkali was 50,03—14 = 36*05. The quantity 
of ftandard acid employed was 66,7. The' whole 

of which amounted to 102,75 grains ; but as only 
85,142 grains entered into the compofition of the fait, 

the remaining 17,608 muft have been pure water mix¬ 
ed with.the nitric acid. But if 66,7 of ftandard acid 
contain 17,608 of water, 100 parts of the fame acid 

muft contain 26,38*. ^ * Jtffi 
One hundred parts of ftandard nitric acid, therefore, ■ 

is compofed of 73,62 parts of pure nitric acid and 26,38 
of water. But as Mr Kirwan has not proved that ni- 

trat of foda contains no water, perhaps the proportion 
of 
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of watSF may be greater. He has rendered it probable, 
however, that nitrat of foda contains very little water. 

Nitric acid is decompofed by a great variety of fub- 
fiances. When poured upon oils, it fets them on fire. 

This is occaiioned by a decompofition both of the acid 

and oil. The oxygen of the acid combines with the 
carbon and with the hydrogen of the oils, and at the 

fame time lets go a quantity of caloric. Hence we fee 
that the oxygen which enters into the compofition of 

the nitric acid ftill contains a great deal of caloric \ a 
fa& which is confirmed by a great number of other 
phenomena. The combuftion of oils by this acid was 

firft taken notice of by Borrichius and Slare ; but it is 

probable that Hombergcommunicated it to Slare. In 

order to fet fire to the fixed oils, it muft be mixed with 
fome fulphuric acid ; the reafon of which feems to be, 

that thefe oils contain water, which mult be previoufly 
removed. The fulphuric acid combines with this wa¬ 

ter, and allows the nitric acid, or rather the oil and ni¬ 
tric acid together, to adt. The drying oils do not re¬ 

quire any fulphuric acid : they have been boiled, and 
confequently deprived of all moifture. It fets fire alfo 

to charcoal, provided it he perfedlly dry. Fliis fa& 
was firft obferved by Fro lift, and afterwards confirmed 
by the Dijon academicians. It fets fire alfo to zinc, 
bifmiith, and tin, if it be poured on them in fufion, 

~ Proujt, and to filings of iron, if they be perfe&ly dry *. In 
Dijon Aca- aq tiiefe cafes 'the acid is decompofed. Sulphurated 

tntcor- hydrogen gas alfo takes fire, and burns with a ftrong 

mttc. °r~ flame by means of this acid f. 
f Iromfdorff. It is capable of oxidating all the metals except gold, 

platinum (x), and titanium. It appears, from the ex¬ 
periments of Sehefler, Bergman, Sage, and I illet, that 

nitric acid is capable of diffolving (and confequently of 

oxidating) a very minute quantity even of gold. 
Nitric acid combines with alkalies, alkaline earths, 

alumina, and jargonia, and with the oxides of metals, 
and forms compounds which are called nit rats. It does 

not a£t upon filica nor adamanta. 
The order of its affinities is as follows : 

Barytes, 
Potafs, 
Soda, 
Strontites 

Lime, 
Magnefia, 

Ammonia, 
Alumina, 

t Jargonia 
Metallic oxides, in the fame order 

as for fulphuric acid. 

Water. 

4*4 . 
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And amm< 
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Sect. IV. Of Nitrrn ML N^' 

If oxygen gas be mixed with nitrous gas, a quanti- * 

ty of red fumes appear, which are readily abforbed by Component 
water. Thefe red fumes are nitrous acid. parts of 

If a glafs veftel containing nitric acid be inverted in-n^ousa- 

to another veflel containing the fame acid, and expofed01 
to the light, the inverted glafs will become partly full 

of oxygen gas, and at the fame time part of the nitric 

acid is converted into nitrous acid *, It follows, from « ScB#kt 
this experiment, that nitrous acid contains lefs oxygen Crell\ 

than nitric acid. Lavoifier has calculated, that it con-niis 

tains fomewhat lefs than three parts of oxygen to one 

of azot. s 417 

Nitrous acid is of a brown or red colour, exceeding- Its proper* 

ly volatile, and emitting a very fuffocating and fcarcely ties* 

tolerable odour. When to this acid, concentrated, a 
fourth part by weight of water is added, the colour is 
changed from red to a fine green ; and when equal 

parts of water are added, it becomes blue f. Dr Prieft- f Bergman* 
ley oblerved, that water impregnated with this acid in 

the ftate of vapour became firft blue, then green, and 

laftly yellow. A green nitrous acid became orange- 
coloured while hot, and retained a yellow tinge when 
cold. A blue acid became yellow on being heated in 
a tube hermetically fealed. An orange-coloured acid, 
by long keeping, became green, and afterwards of a 
deep blue ; and when expofed to air, refumed its ori¬ 
ginal colour. Thefe colours feem to depend upon the 

concentration of the acid. 
Dr Prieftley found that water abforbed great quan¬ 

tities of this acid in the ftate of vapour ; and that when 

faturated, its bulk was increafed one-third. 
In the ftate of vapour, it is abforbed rapidly by 

oils. Whale oil, by abforbing it, became green, thick, 
and heavier It gradually decompofed the acid, re¬ 

tained the oxygen, and emitted the azot in the ftate of 
gas J# \ ?nejlley% 

It is abforbed by fulphuric acid, but feemingly with-111* UI* 

out producing any change ; for when water is poured 

into the mixture, the heat produced expels it in the 
ufual form of red fumes f. The only fingular circum-^ ibid. 
ftance attending this impregnation is, that it difpofesp. 144. 

the fulphuric acid to cryftallize ||. This fa<ft, firft ob-|j ibid* 

ferved by Dr Prieftley in 1777 (y), was afterwardsp. ij6. 

confirmed by Mr Cornette. 
Nitrous acid appears capable of combining with moft 

of the bodies with which nitric acid unites. The falts 

which it forms are called nitrites. 
Its affinities have never been accurately examined. 

Bergman fuppofes them the fame with thofe of nitric 

acid. 
Of 

(x) Nitre, h.wever, afts upon platinum, as Mr Tennant has proved. Phil. Tranf. 1797. Morveau had 

made the fame obfervation in the Elemens de Chimie de l'Academic de Dijon. _ . . 
(Y) Bernhardt, however, relates, in 1765, that once, when he was diddling a mixture of ten pounds ot nitre 

■with au equal quantity of calcined vitriol, which he had put into a retort, to which was fitted an adapter be¬ 
tween the retort and the receiver, which contained a quantity of water—lie obferved a confiderable quantity ot 
a white cryftalline fait formed in the adapter, while the liquid acid palled as ufual into the receiver. This fait 
was very volatile, fmoked ftrongly when it was eXpofed to the air, and exhaled a red vapour; it burnt, to a black 
coal, wood, feathers, or linen, as fulphuric acid does ; and where a piece of it fell, it evaporated in form of a 
blood red vapour, till the whole of it difappeared. Half an ounce of thefe cryftals diffolved in water with fpurt. 

ino- and hilling, like that of a red-hot iron dipped in water, and formed a green nitrous acid. Some of this lalt 
being put into a bottle, which was not well flopped, entirely vanilhed. Thefe cryftals were evidently the fame 

with Dr Prieftley’s. See Keir’s Dictionary. 
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Nitrous gas was firft obtained by Dr Hales, but 
its properties were difcovered by Dr Prieftley. It may 
be procured by diffolving metals in nitric or nitrous 
acid, and catching the product by means of a pneuma¬ 
tic apparatus. 

As nitrous acid is formed by combining nitrous gas 
and oxygen, it is evident that nitrous gas contains lefs 
oxygen than nitrous acid. According to Lavoifier, it 
is compofed of two parts of oxygen and one of azot. 

Nitrous gas is elaftic, and invifible like common air. 

It extinguifhes light, and inftantly kills all thofe ani¬ 
mals that are obliged to breathe it. Its fpecific gravi¬ 
ty, according to Mr Kirwan, is 0,001458 *. 

• Dr Prieftley found that water was capable of abforb- 
ing about one-tenth of nitrous gas, and that by the ab- 
forption it acquired an aftringent tafte f. Water parts 
with all the nitrous gas it has imbibed on being frozen 

Neither phofphorus nor fulphur feem capable of de- 
compofmg nitrous gas. 

Mr Linck, profeffor at Roftoc, found, that three 
parts of nitrous gas and two of hydrogen gas, obtained 
by fulphuric acid and iron, are fcarcely, or not at all, 
diminiftied when expofed to day-light over water. Com¬ 
mon air is not more dminiftied by this admixture kept 
a long time : but the mixture itfelf of thefe two gafes 
is diminiftied by the addition of new portions of nitrous 
gas. Mr Linck concludes, from this obfervation, that 
part of the oxygen of the nitrous gas combined with 
the hydrogen and formed water, and that the remaining 
oxygen and azot formed a mixture fimilar to the air of 
the atmofphere. Mr Vauquelin had previoufly made 
the fame obfervation. The affinity of hydrogen, there¬ 
fore, for oxygen is greater than that of azot §. 

Oils imbibe nitrous gas with avidity, and decompofe 
it. 

Nitric acid abforbs a vaft quantity of it, and is by 

that means converted into nitrous acid. — Sulphuric acid 
alfo abforbs it. 

The moft important property of nitrous gas is that 
of combining inftantly with oxygen gas, and forming 
nitrous acid, which is inftantly abforbed by water. This 
property induced Dr Prieftley to ufe nitrous gas as a 
teft of the purity of common air. He mixed together 
equal bulks of thefe fubftances, and judged of the pu¬ 
rity of the air by the diminution of bulk. The appa¬ 
ratus ufed for this purpofe, which confifts of a gradua¬ 
ted tube, has been called a eudiometer. This eudiome¬ 
ter has been greatly improved by Fontana, but it is ftill 
liable to uncertainty in its application. Perhaps the 
beft eudiometer is fulphuret of potafs, which, as Mor- 
veau has difcovered, abforbs, on the application of heat, 
the whole oxygen in a given bulk of air almoft inftan- 
taneoufly. 

Dr Prieftley found that nitrous gas was decompofed 
by paffing eledlric explofions through it. 

Let us now coniider in what manner oxygen and 
azot are combined in the three fubftances which have 
been juft defcribed. 

It can hardly be conceived that azot is capable of 
combining with three different proportions of oxygen, 
and of being faturated with each : it is furely much 
more probable, that in nitrous gas the oxygen and azot 
faturate each other diredlly and completely ; that ni¬ 
trous acid is compofed of nitrous gas and oxygen, and 
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nitric acid of nitrous acid and oxygen. And this fup- 
pofition is confirmed by confidering that the ftrength 
of affinity by which the oxygen is retained in each of 

thefe fubftances is very different. Some fubftances, as 
light, are capable of decompofing nitric acid, by feizing 
fome of its oxygen, and of converting it into nitrous 
acid ; but they have no effe& whatever upon nitrous 
acid or nitrous gas. Others, as bifmuth, copper, phof¬ 

phorus, and fulphur, are capable of decompofing both 
nitric and nitrous acids, but are incapable of altering 
nitrous gas : And others, again, as carbon, zinc, and 
iron, are capable of decompofing all the three. Every 
body which is capable of decompofing nitrous acid is 
capable alfo of decompofing nitric acid ; and every body 
that decompofes nitrous gas is capable alfo of decom- 
poling the other two.' But the reverfe of this is not 
true. The affinity of oxygen, then, for azot, nitrous 
gas, and nitrous acid, is different: oxygen has a ftronger 
affinity for azot than it has for nitrous gas, and a 
ftronger affinity for nitrous gas than for nitrous acid. 
But if all thefe bodies were dire<ft combinations of azoL 
and oxygen, how could this difference of affinity take 
place ? Is it reafonable to fuppofe that a fubftance has 
a ftronger affinity for one proportion of any other body 
than for another proportion? or that, if fuch a difference 
exifted, the ftrongeft affinity fhould not always prevail ? 
Mix together nitric acid and nitrous gas in proper pro¬ 
portions, and the whole mixture is converted into ni¬ 
trous acid: but mix nitrous and nitric acids together, 
and no change whatever is produced. In the firft cafe, 
is it not evident that the affinity of nitrous gas for oxy¬ 
gen is greater than that of nitrous acid ; that therefore 
it decompofes the nitric acid, deprives it of oxygen, 
and leaves it in the ftate of nitrous acid ? But, in the 
fecond cafe, no change can take place, becaufe nitric 
acid is compofed of nitrous acid and oxygen ; and it 
would be abfurd to fuppofe, that nitrous acid has a 
ftronger affinity for oxygen than nitrous acid has. But 
were azot and oxygen capable of uniting in various 
proportions, why ftiould not a mixture of nitr/c and ni¬ 
trous acids, or of nitrous gas and nitrous acid, form new 
fubftances ? And why are the only fubftances which 
appear in decompofitions nitrous acid and nitrous gas ? 
Surely thefe reafons are fufficient to fhew us, that thefe 
bodies are combined in the following manner ; 

Azot and 1 c 
r torm nitrous gas ; 

f form nitrous acid ; 
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Oxygen 
Nitrous gas 
and oxygen 
Nitrous acid 
and oxygen } form nitric acid. 

Perhaps there may be even more links in the chain 
than we are aware of. The dephlogifticated nitrous air 
of Dr Prieftley, which Dieman and Van Trooftwyck 
have lately proved to be compofed of 37 parts of oxy¬ 
gen and 63 of azot, and of which little more is known 
than that it fupports flame, is noxious to animals, ab- 
forbed by water, and only obtained by means of fub¬ 
ftances capable of decompofing nitrous gas—perhaps 
this air is compofed diredly of oxygen and azot, ni¬ 
trous gas of this air and oxygen, and fo 011. There 
may be even links ftill farther back than that. 

Sect. V. Of Muriatic Acid. 

Muriatic acid appears to have been knowm to Bafil Difcovery 

Valentine j but Glauber was the firft who extradled it °f muriatic 

Hr fromacid* 
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Muriatic from common fait by means of fulphuric acid. Com- 

Acid. mon fa]t is Compofed of muriatic acid and foda, for 

’-'-- which laft fubflance fulphuric acid has a flronger affini¬ 
ty. This acid was firft called /pint of fait, afterwards 

* From mu. marine acid, and now, pretty generally, muriatic acid*, 
ria. It is fometimes prepared by mixing one part of com¬ 

mon fait with feven or eight p?rts of clay , and diddling 
the mixture. The clay, in this indance, is fuppofed to 
ad chiefly by means of the fulphuric acid which it al¬ 
ways contains (z) : But this fubjed dill requires far¬ 
ther elucidation. By thefe precedes, muriatic acid is 
obtained didolved in water. Dr Priedley difeovered, 

that by applying heat to this dilution, and receiving the 
produd in vedels filled with mercury, a gas was procu¬ 

red ; which gas is muriatic acid in a date of purity. 
Muriatic acid gas is invifible and eladic, like com¬ 

mon air. It dedroys life and extinguiflies flame. A 
candle, juft before it goes out in it, burns with a beau¬ 
tiful green, or rather light blue flame ; and the lame 

4 PrieJMty, flame appears when it is fil'd lighted again f. 
ii. 293. fpec;flc gravity of muriatic acid in the date of 

gas is, according to Mr Kirwan J, 0,002313, which is 

nearly double that of common air. . 
Water abforbs this gas with avidity. _ Ten grains of 

Avater are capable of abforbing ten grains of the gas. 
The folution thus obtained occupies the fpace of 13,3 
grains of water nearly. Hence its fpecific gravity is 
I.coo, and the denfity of the pure muriatic acid in it 

vofiv^ ^ As muriatic acid can only be ufed conveniently when 
didolved in water, it is of much conference to know 
how much pure acid is contained in a given quantity or 

414 liquid muriatic acid of any particular denfity. _ 
Quantity of Now the fpecific gravity of the pured muriatic acid 
it contained that can eaffly be procured and preferved, is 1,196 ; it 

1 acids of wouldbe needlefs, therefore, to examine the.purity of 

any muriatic acid of fuperior denfity. Mr Kirwan cal¬ 
culated that muriatic acid, of the denfity 1,196, con¬ 

tains TVj> Parts °f acid of the denflty I>500> w“lch he 
took for the dandard ; then, by means of experiments, 

he formed the following Table : 

413 
Its proper¬ 
ties. 

1 , 
Tranf. iv. 

m ; 
various 
denGtie?. 

100 parts, 
at the fpe¬ 
cific gra¬ 

vity 

Contain 
of ftan* 

dard acid 

iod parts, 
at the fpe¬ 
cific gra¬ 

vity 

Contain 
of ftan- 

dard add 

100 parts, 
a? the fpe¬ 
cific gra¬ 

vity 

Contain 
of ftan- 

dard acid 

1,196 49 1,147 37 1,1036 

1,0984 

26 

I.I91 48 1,1414 36 25 

1,187 47 1,1396 35 1,0942 24 

1,183 46 1,13s8 34 1,0910 23 

i><79 45 1,132° 33 I,o868 22 

1,175 44 1,1282 32 1,0826 

1,0784 

21 

1,171 43 1,1244 3i 20 

1,167 42 1,1206 3° 
1,0742 l9 

1,163 41 1,1 168 29 1,0630 16 

i,iJ9 40 1,1120 28 L0345 10 

i>155 
t,T5I 

39 
38 

1,1078 27 1,0169 5 

STRY. Part II. 
is always called by that name) is generally of a pale Oxy-muda* 
yellow colour, owing, as Dr Prieftley fuppofed, to fome t tlc Add- 
earthy matter diffolved in it ; but much more probably 
to its having abforbed a quantity of oxygen, fqr which 
it has a flrong affinity. Indeed, that this is the caufe 
appears evidently from Dr Prieftley’s own obfervations ; 
for it was deftroyed only by thofe bodies which had a 
Itronger affinity for oxygen. It is very volatile, as 
might be expected, constantly emitting white fumes of 

a peculiar and unpleafant odour. 425 
Muriatic acid is capable, by the affiftance of heat, of Ps attion 

oxidating the following metals: Iron, tin, lead, zinc, 
bifmuth, cobalt, nickel, manganefe, antimony, arfeuic. 0 ies* 
Several of thefe, as iron, for inftance, it oxidates even 

without the affiftance of heat. 
At a boiling heat, it oxidates filver and copper. It 

has no a&ion on gold, platinum, mercury, tungften, 
molybdenum, tellurium, titanium. Its a&ion on ura¬ 

nium has not been tried. 
In the ftate of gas, it appears to decompofe alcohol 

and oils by its affinity for water *. * 
It is capable of diffolving a little fulphat and fluat f "Sge 

of lime, and arfeniat of mercury. # 
It combines with the alkalies, alkaline earths, alumi¬ 

na, and jargonia, and with moft of the metallic oxides, 
and forms neutral falts, known by the name of muriats. 416 

Morveau firft fhewed, that this acid, in the ftate ofDeftfoys 

gas, neutralized putrid miafmata, and by that means^raVami'' 
deftroyed their bad effeds. In 1773, the cathedral of 
Dijon was fo infe&ed by putrid exhalations, that it was 
deferted, after feveral unfuccefsful attempts to purify it. 
Application was made to Mr Morveau to fee whether 
he knew any method of deftroying thefe exhalations. 
He poured two pounds of fulphuric acid on fix pounds 
of common fait, contained in a glafs capfule, which had 
been placed on a few live coals in the middle of the 
church. He withdrew precipitately, and fhut all the 
doors. The muriatic acid gas foon filled the whole ca¬ 
thedral, and could even be perceived at the door. After 
12 hours, the doors were thrown open, and a current of 
air made to pafs through to remove the gas. This de¬ 

ftroyed completely every putrid odour f. 
The affinities of muriatic acid are as follow : 

Barytes, 
Potafs, 
Soda, 
Strontites $, 

Lime, 
Magnefia, 
Ammonia, 
Alumina, 

Jargonia |], » •, 
Metallic oxides as in fulphuric acid, 

Water. 

\ Jour, de 
Pbyf. i. 436.. 

4*7 
Its affinities. 

§ Dr Hoj>t, 

|| Vauqutlin, 

aoS. 

Muriatic acid (for this folution of the acid in water 

Sect. VI. Of Oxy-muriatic Acid. 4,s 

Put into a glafs retort one part of the black oxide Dtoj-V 

of manganefe and three parts of muriatic acid ; placeationof 
it in a fand-bath in fuch a manner that the liquor whichoxy.muria- 
rifes up into the neck of the retort may fall back again tic acid. 

r into 

(z) Morveau has ffiewn, that even alumina contains fulphuric acid, provided a precipitation, on adding mu. 

r5al(A°) STD = tSnfity of a mixture; « the weight of the denfer ingredient; Jits denfity; /the weight of 



Part II. CHEMISTRY. 
Oxy-muri- into the veflel ; and apply a finall receiver, with a little 

4*9 
Its compo- 
fition. 

Stic Acid. water in it, luted to the retort merely by a fillet of 
brown paper. In about a quarter of an hour the re¬ 
ceiver will appear filled with a yellow-coloured gas ; it 

is then to be removed, and others applied fuccefiively 

till the operation be finifhed. 
This gas is oxy-muriatic acid, firft difcovered by 

Scheele, while lie was making experiments on manga- 
nefe, and called by him dephlogtjlicated muriatic acid, be- 

caufe he thought it muriatic acid deprived of plilo- 
gifton. The French chemifts called it oxygenated muri¬ 
atic acid, which Dr Pearfon contracted into oxy-muria¬ 
tic acid; and this laft name we have adopted, becaufeit 

is Ihorter and equally diltinCt. 
The true theory of the formation and compofition 

of this acid, which was firft given by Berthollet, will 
appear from the following fads: The black oxide of 
manganefe is, during the procefs, converted into white 
oxide, and muft therefore have given out a quantity of 
oxygen. When oxy-muriatic acid diflblved in water is 
prefented to the light in a veflel half empty, oxygen 
gas is difengaged and floats above, and the acid is con¬ 
verted into common muriatic acid : Confequently oxy- 
muriatic acid is compofed of muriatic acid and oxygen. 
Black oxide of manganefe is compofed of white oxide 
and oxygen ; muriatic acid has a ftronger affinity for 
oxygen than the white oxide ; during the diftillation 
the black oxide is decompofed, the oxygen combines 
with muriatic acid, and the produd is oxy-muriatic 

acid gas. 
Oxy-muriatic acid gas is of a yellow colour. It fup- 

ports flame, but cannot be breathed without proving 
noxious. The death of the ingenious and induftrious 
Pelletier, to whom we have fo often referred, was occa- 
fioned by his attempting to refpire it. A confumption 
was the confequence of this attempt, which, in a fhort 

time, proved fatal. 
It does not unite readily with water. Scheele found, 

that after Handing i 2 hours over water, *ths of the gas 
were abforbed: the remainder was common aiV, which 
no doubt had been contained in the veflel before the 
operation. Berthollet furrounded feveral bottles con¬ 
taining it with ice : as foon as the water in thefe bottles 
was faturated, the gas became concrete, and funk to 
the bottom of the veflels; but the fmalleft heat made it 
rife in bubbles, and endeavour to efcape in the form of 

* Journ.de gas*. Weftrum obferved that it became folid when 

f^*/* expofed in large veflels to the temperature of 40°; and 

flyfique * that then it exhibited a kind of cryftallization f. The 
ixxvii. 38a. fpecific gravity of water faturated with this gas, at the 

430 
Its proper- 
tied. 

' 3*5 
temperature of 430, is 1,003 *. Water impregnated Oxy-muri- 

with it has not an acid, but an auftere tafte f, unlike atic . 

that of other acids. . * Berthollet, 
It renders vegetable colours white, and not red, wjeurn.de 

other acids do; and the colour thus deftroyed can Pbyf.n%$. 
neither be reftored by acids nor alkalies. It has the t Sci)ee^a 

fame effects on yellow wax. If the quantity of vegetable 
colours to which it is applied be Efficiently great, it is 
found reduced to the ftate of common muriatic acid. 
Hence it is evident, that it deftroys thefe colours by 
communicating oxygen. This property has rendered 
oxy-muriatic acid a very important article in bleaching* 

Nitrous gas, hydrogen, fulphur, fulphurous acid, and 
phofphorus, decompofe this acid, by depriving it of its 
oxygen, and leaving the muriatic acid in a feparate ftate. 
Phofphorus, however, does not produce this effe& fo 

readily, except when affifted by heat*. . . »Morvtau% 
When muriatic acid is mixed with nitric acid, the Eneyc. 

compound has precifely the fmell and the qualities of Method 
oxy-muriatic. It can fcarcely be doubted, therefore, Cbimie,u 

that as far as it ads as an acid, different from the mu-45^ 

riatic and the nitric, it is nothing elfe but oxy-muriatic Nitro-mu« 
acid. riatic add. 

This mixture of the two acids was formerly called 

aqua regia; but at prefent it is called by the French 
chemifts nitro-muriattc acid. It is firft mentioned by 
Ifaac the Hollander, and feems to have been known be¬ 
fore the muriatic acid itfelf. It was prepared by pour¬ 
ing nitric acid on common fait. The nitric acid de- 
compofes the fait, and part of it unites with the muri¬ 
atic acid thus fet at liberty. 

Oxy-muriatic acid oxidates all the metals (except, Its adion 

perhaps, titanium) without the affiftance of heat. £”*?rlier 
It decompofes red fulphuret of mercury, or cinnabar, J ies* 

which neither fulphuric nor nitric acid is able to ac- 

complifh §. .... § Bergman. 
All the fubftances placed before muriatic acid in the 

table of the affitiities of oxygen, are capable of decompo- 
fing this acid. Many of them, when plunged into it while 
in the ftate of gas, a&ually take fire. Weftrum obfer¬ 
ved, for inftance, that when pieces of wood were plun¬ 
ged into this gas, they took fire ; that arfenic burned 
with a blue and green flame ; bifmuth, with a lively 
bluifli flame ; nickel, with a white flame, bordering on 
yellow; cobalt, with a white flame, approaching to 
blue; zinc, with a lively white flame ; tin, with a feeble 
bluifh flame ; lead, with a fparkling white flame ; cop¬ 
per and iron, with a red flame : that powdered char¬ 
coal took fire in it at the temperature of 90°, and that 
ammonia produced with it a loud detonation ||. |j j0Urn.de 

R r 2 With Phyfyue, 
xxx vii .385, 

m + mf 
an equal bulk of water; and m\ d't and the fame elements of the rarer : Then D = /,"• In the above 

cafe, m + m* = 20, and / + V = 13,3. Then D == 1,5. Now to find the fpedfic gravity of the 
J3>3 

. . tn -f- rrf —— lf D c 
condenfed muriatic acid gas, we have from the above equation / =-g-=z ~ - zz 3,3 ; and d zz 

— zz ■ — 3,03. See Iri/h Tranfaftions, vol. iv. 

This calculation, however, is formed upon the fuppofition that the water fuffers no condenfation at all—a 

fuppolition certainly contradi&ed by every analogy, and which, as Mr Keirhas ffiewn, the experiments mentioned 

in Mr Kirwan’s firft paper are inefficient to prove. 
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Oxy-muri- With alkalies, earths, and metallic oxides, it is ca- 
atK Acid. paye 0f combining and forming neutral falts, which 

433 have been called oxy-mariats. 

Its affinities. The affinities of this acid, according to Lavoifier, 
are as follows: 

Alumina, 

Jargonia * ? 
Ammonia, 

Oxide of antimony, 
- filver, 
-— arfenic, 

Barytes, 
Strontites ? 

Oxide of bifmuth, 
Lime, 
Oxide of cobalt, 
- copper, 
— - tin, 
-iron, 
Magntfia (b), 
Oxide of manganefe, 

■-mercury, 
•- molybdenum, 
— ■ ■■ ■ nickel, 

-gold, 
— -platinum, 

-lead, 
Potafs, 
Soda, 
Oxide of tungften, 

zinc (c). 

M I S T R Y. 

434 
Of the com¬ 
ponent 
parts of 
muriatic 
acid. 

The component parts of muriatic acid are Hill im¬ 
perfectly known. Dr Girtanner pretended, about the 
year 1790, that he had decompofed it; and that it con¬ 
fided of hydrogen combined with a greater proportion 

of oxygen than enters into the compofition of water, 
lie paffed eledtrical explofions through muriatic acid, 
and obtained a quantity of oxygen and hydrogen gas. 
But a repetition of thefe experiments fhewed, that the 
gafes were owing, not to the decompofition of the acid, 
but to that of the water with which the acid was com¬ 

bined. 
The experiments of Mr Lambe (d) have lately opened 

a new and unexpe&ed path, which feems to lead direft- 
ly to the difcovery of the component parts of this acid. 

He found, that when iron was a&ed upon by fulphu- 
yated hydrogen gas, a fubflance was produced which 
poffeffed all the properties of oxy-muriat of iron (oxy- 
muriatic acid combined with iron). The fulphurated 
hydrogen gas which he ufed was obtained from fulpburet 

of iron, formed by fufing equal parts of iron and flowers 
of fulphur; and it was extricated by diluted fulphuric 
acid. In a folution of this gas in diftilled water, he di- 
gefted iron filings, previoufly purified by repeated wafh- 
ings with diftilled water. The bottle was filled with 
the folution, and corked. The iron was prefently a£ted 

upon ; numerous bubbles arofe, which drove the cork 

Part II. 
out of the bottle ; they were ftrongly inflammable, and Phofphoric 
probably, therefore, pure hydrogen gas. The liquor Acid, 
gradually loft its odour of fulphurated hydrogen gas, v— 
and after fome days fmelled very much like ftagnant 

rain-water. As the bubbles ceafed to be produced, it 
recovered its tranfparency. On evaporating a fmall 
quantity of this folution in a watch-glafs to drynefs, a 
bitter deliquefcent fait was left behind. On this fait 
a little fulphuric acid was dropped, and paper moiften- 

ed with ammonia was held over the glafs ; white va¬ 
pours were immediately formed over the glafs ; and 
confequently fome volatile acid was feparated by the 
fulphuric acid. Mr Lambe evaporated about eight 
ounce meafures of the fame liquor, and, as before, drop¬ 
ped a little fulphuric acid on the refiduum ; a ftrong 
tffervefcence was excited, very pungent acid fumes arofe, 
which, from their fmell, were readily known to be mu¬ 

riatic. The fame truth was eftablifhed beyond a doubt, 
by holding a bit of paper moiftened with water, which 
made the vapours vifible in the form of a grey fmoke 5 
a diftinguifhing charadleriftic, as Bergman has obferved, 
of the muriatic acid.—When manganefe and mercury 
were diflolved in fulphurated hydrogen gas, the falts 
formed gave the fame unequivocal marks of the pre¬ 
fence of muriatic acid *. f Lambe, 

Shall we conclude from thefe fadfs, that the bafis oVbl(i' 
muriatic acid is fulphurated hydrogen ; that muriatic 
acid is fulphurated hydrogen combined with oxygen \ 
that this combination takes place during the folution 
of the iron ; and that the efcape of hydrogen is owing 
to the decompofition of the water ? 

Sect. VII. Phofphoric Acid• 435 

Phosphorus is capable of forming combinations^ 
with two different quantities of oxygen ; with the larger rus> 

it forms phofphoric ; and with the fmaller phofphorous 

acid. 
Phofphoric acid was unknown till after the difcovery 

of phofphorus. Boyle is perhaps the firft perfon who 
mentions it: he difcovered it by allowing phofphorus 
to burn (lowly in common air. But Margraf was the 
firft perfon who examined its properties, and difcovered 

it to be a peculiar acid. 
It may be procured by expofing phofphorus to a mo¬ 

derate heat : the phofphorus takes fire, combines with 

oxygen, and is converted into an acid. 436 
It may alfo be prepared by expofing phofphorus Method of 

during fome weeks to the ordinary temperature of the PreParir21 

atmofphere, even in winter ; when the phofphorus un¬ 
dergoes a flow combuftion, and is gradually changed in¬ 
to a liquid acid. For this purpofe, it is ufual to put 

fmall pieces of phofphorus on the inclined fide of a glafs 
funnel, through which the liquor which is formed drops 

into the bottle placed to receive it. From one ounce 
of phofphorus about three ounces of acid liquor may be 
thus prepared, called phofphoric acid by deliquefcence. 

Scheele has contrived another mode of obtaining the 
phofphoric 

(b) According to Trommfdorf, oxy-muriatic acid is incapable of combining with magnefia. Ann, de Chim. 

xxii. 218. 
. (jc) This is the order of the affinities of nitro-muriatic acid. Many fa&s (fome of which (hall appear after¬ 

wards) concur to prove that the affinities of the oxy-muriatic acid are the fame, and indeed that they are the 

fame acids. 
(d) Analyfis of the waters of two mineral fprings at Leminton Priors. Manchejlcr Memoirs, vol. V. part ift. 



Phofphoric phofphoric acid from phofphorus without combuftion. 
Acid. L the mere aftion of the nitric acid on phofphorus . 

Mr Lavoifier has repeated and defcribed this procefs f. 

tuJr He put two pounds of nitric acid, the fpec.fic gravity 

? ISLA. of which was 1,2989 ;, into a retort, the contents of 
cad. 1780. which were equal to fix or feven French pints, and to 

which a balloon was fitted. Having placed this retort in 
a fand-bath, and brought the heat of the acid contained 

in it to 133* deg. he added fucceffively fmall quantities 
of phofphorus, about to or 12 grains at a time, until 
he had diffolved oz. At firft the effervefcence was 

jrreat, but at lad he was obliged to apply heat to ettett 
the folution. The operation lafted 17 or 18 hours. A 
o-ood deal of nitrous acid had pafTed into the receiver. 
He then poured the contents of the retort into a fmaller 

retort, and evaporated by means of a ftronger heat, un¬ 
til the phofphoric acid began' to diftil in white vapours. 
The remaining acid was fo thick that he could not pour 

it out of the retort, and therefore could not afcertam 
its quantity ; but he fuppofes it might be 8 or 9 oun¬ 
ces, in which he thinks there were about 2T oun- 
ces of phofphorus ; the remaining | ounce being lup- 
pofed to have evaporated. The quantity of oxygen 
imbibed he reckons at 3^ ounces, and the quantity ot 

water at about 2 ounces. . 
Lavoifier computes that phofphoric acid contains ioo 

parts of phofphorus and 154 of oxygen. 
The colour of this acid is white; it has no fmell, has 

an acid tafte ; but is not corrofive (e). 

It is exceedingly fixed. When expofed to the fire in 

a matrafs with a long neck, it lofes at firft the greater 
part of its water ; then an odour of garlic is felt, ow¬ 
ing to fome phofphorus, from which it is exceedingly 
difficult to clear it entirely ; there is likewife a fmall 
quantity of the acid volatilized along with the water. 

The liquor then becomes thick and milky: fmall lumi¬ 
nous decrepitations take place from time to time, and 
they continue for fome time after the veffel is taken 

from the fire. If the matter be then put into a cm- 
cible, and placed among burning coals, it firft boils vio¬ 

lently, and gives out a vapour which tinges flame green. 

CHEMISTRY. 3*7 
It does not aft upon gold, platinum, filver, copper, Boracic 

mercury, arfenic, cobalt, nickel. It appears, however, -/_J 

to have fome aftion on gold in the dry nvay^ as it is 

called; for when fufed with gold-leaf it affumes a purple 

colour ; a proof that the gold has been oxidated. 
It is capable of combining with alkalies, alkaline 

earths, alumina, and metallic oxides ; and of forming 

falts known by the name of pho/phats. # 
Phofphoric acid, by the affiftance of heat, is capable 

of decompofing glafs. 439 
Its affinities are as follows : Its afliiu- 

Lime, ties- 
Barytes, 
Strontites*, * Hope, 
Magnefia, rranf.E- 

P otafs, 
Soda, 

Ammonia, 
Alumina, 
Jargonia f, f Vauque 
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Its proper¬ 
ties. 

Metallic oxides as in fulphuric acid, 

Water. 108. 

The Phosphorous Acid is formed when phofpho- 44o 

rus is expofed to a flow fpontaneous combuftion at thePhofpho- 

temperature of the atmofphere; but it gradually abforbs >ous acid, 

more oxygen, 3nd is converted into phofphoric acid. 

Concerning phofphorous acid nothing of any confe- 

quence is at prefent known, except that it contains lefs 

oxygen than phofphoric acid. 

Sect. VIII. Boracic yield. 

The word borax firft occurs in the works of Geber, 

an Arabian chemift of the loth century. It is a name 

given to a fpecies of white fait much ufed by various 
artifts. Its ufe in foldering metals appears to have been 

known to Agricola. , . 
Borax is found mixed with other fubftances in I hi- 

bet. It feems to exift in fome lands adjacent to lakes, 
from which it is extrafted by water, and depofited in 
thofe lakes; whence in fummer, when the water is (hal¬ 

low, it is extra died and carried off in large lumps. Some- 

44i 
BufaX. 

lently, and gives out a vapour which tinges ^me green, ° ^ waU,r ;n thefe lakes is admitted into refervoirs, 

and is at laft converted to a white tranfpare eg > * Knttnm nf which, when the water is exhaled by 

foluble in water. 
The fpecific gravity of this acid in a ftate oi dry- 

1 "Bergman, nefs is 2,687 J, that of phofphoric acid by del.quef 

5 Mcrveau. cence 1,417 $• II is capable of cryftallizing ; its cry- 
ftals are quadrangular prifms terminated by quadrangu 

° Dy aecuunta --*-—-/ ^ . , 

-u *■>- .lu- *» Et* st £XiS 
lit* ”“ly rTgJ. » «... t™. *»<> > *"d tht 

at the bottom of which, when the water is exhaled by 
the fummer’s heat, this fait is found.—Hence it is car¬ 
ried to the Eaft Indies, where it is in fome meafure pu- 
rifled and cryftallized: in this ftate it comes to Europe, 
and is called lineal. In other parts of Thibet, it feems, 
by accounts received from China, they dig it out of the 

* , 1 1 r 1 A- A-  Tirl 1 t n ^ 

p Kot'k 
DiHionary. 

438 
Its action 
cm other 
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as Mr Sage obferved. 
Mr Lavoifier raifed Reaumur’s thermometer from 8° 

to 140 or 15° by mixing phofphoric acid boiled to the 
confidence of a fyrup, with an equal quantity of water; 

and from 8° to 32° or 330 when the acid was as thick 

as turpentine ||. . . 
Phofphoric acid is capable of oxidating iron, tin, 

lead, zinc, antimony, bifmuth, manganefe. When fu¬ 
fed with feveral of thefe metals, as tin, lead, iron, and 

zinc, it is converted into phofphorus; a proof that they 

have a ftronger affinity for oxygen. 

mi poun, hout poun, and pin poun , 

is calledpounxa%. 
Though borax has been in common ufe for nearly gwratugy, 

three centuries, it was only in 1702 that Homberg, by * 3/^ 
diftilling a mixture of borax and green vitriol, difeovered Difcovery 

the boracic acid. He called it narcotic or fedative fait, of boracic 

from a notion of his, that it poffeffed the properties in-acid* 
dicated by thefe names. In his opinion, it was merely 

a produft of the vitriol which he had ufed ; but Le- 
mery the Younger foon after difeovered, that it could 

likewife be obtained from borax by means of the nitric 
and muriatic 3cids. Geoffroi afterwards difeovered, 

that 

(e) We have obferved, however, that when very 

ftances, paper for inftance, very completely. 

much concentrated it deftroyed the texture of vegetable fub- 
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that borax contained foch : and at laft Baron proved, 
by a number of experiments, that borax was compofed 
of boracic acid and foda; that it might be reproduced 
by combining thefe two fubftances—and that therefore 
the boracic acid was not formed during the decompofi- 
tion of borax, as former chemifts had imagined, but was 
a peculiar fubftance which pre-exifted in that fait. 

This couclufion has been called in queftion by Mr Ca- 

tnat it does *’ who affirmed that it was compofed of foda, the 
not exill in vitrijiable earth of copper, another unknown metal, and mu- 
horax; riatic acid. But this aflertion has never been confirmed 

-a fro°^; Cadet ^ias only proved that bo- 
yf-l7 ** racic acid fometimes contains copper,* and Beaume'g 

■experiments are fufficient to convince us that this metal 
is merely accidentally prefent, and that it is probably 
derived from the veflels employed in cryftallizing borax; 

That boracic acid generally contains a little of the acid 
employed to feparate it from the foda, with which it 
is combined in borax : And that crude borax contains 
a quantity of earth imperfe&ly faturated with boracic 
acid ;—All which may be very true ; but they are al¬ 
together inefficient to prove that boracic acid is not a 

peculiar fubflance, fince it difplays properties different 
from every other body. 

Meffrs Exfchaquet and Struve have endeavoured, on 
the other hand, to prove that the phofphoric and bo¬ 
racic acids arc tlie fame. But their experiments mere¬ 
ly (hew that thefe acids refemble one another in feveral 
particulars; and though they add confiderably to our 

knowledge of the properties of the phofphoric acid, they 
are quite inadequate to eftabh'fh the principle which 
thefe chemifts had in view ; fince it is not fufficient to 
prove the identity of the two acids, to fhew us a refem- 

blance in a few particulars, while they differ in many 

others. Boracic acid mufl therefore be confidered as a 
diftindl fubftance, the component parts of which are en¬ 
tirely unknown. 

The eafieft method of procuring boracic acid is the 
following one ; Diffolve borax in hot water, and filter 
the folution; then add fulphuric acid, by little and little, 
till the liquor be rather more than faturated. Lay it 
ahde to cool, and a great number of fmall, fhining, la¬ 
minated cryflals will form. T hefe are the boracic acid. 
They are to be walked with cold water, and drained 
upon brown paper. 

*T his acid has a fourifh tafte at fir ft, then makes a 
bitterifh cooling imprefiion, and at laft leaves an agree¬ 

able fweetnefs. Its cryflals have fome refemblance to 
ipermaceti, and it has the fame kind of feel. 

It changes vegetable blues to red ; it has no fmell ; 
but when fulphuric acid is poured on it, a tranfient 
odour of mufk is produced *, The air produces no 
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According to Reufs, it is foluble in 20 parts of cold 
water, eight parts of warm water, and 2,5 of boiling 

water. According to Wenzel, 960 grains of boiling wa¬ 
ter diffolve 434 of this acid. According to Morveau, 
one pound of boiling water diffolves only 183 grains. 

It is exceedingly fixed when not combined with wa¬ 
ter. When expofed to a violent fire it is converted in¬ 
to a white tranfparent glafs; which, however, is foluble 
in water, and produces the acid again by evaporation, 

Boracic acid is alfo foluble in alcohol; and alcohol 
containing it burns with a green flame. 

Its fpecific gravity is 1,479 

Acid. 

1 s T R v, partlli 
Paper dipped into a folution of boracic acid burns Fluoric * 

with a green flame. 
Though mixed with fine powder of charcoal, it is 

neverthelefs capable of vitrification ; and with foot it 
melts into a black hitumen-like mafs, which is, however, 
foluble in water, and cannot be eafily calcined to afhes, 
but fublimes in part *. * Keir's 

With the afiiftance of a diftilling heat it diffolves in dU^tionary. 

oils, efpecially in mineral oils ; and with thefe it yields 

fluid and folid produfts, which give a green colour to 
fpirit of wine. 

When boracic acid is rubbed with phofphorus, it does 
not prevent its inflammation ; but an earthy yellow 
matter is left behind f. 

It is hardly capable of oxidating or diffolving any off <47 
the metals except iron and zinc, and perhaps copper. Itsa&ion 

Boracic acid^ combines with alkalies, alkaline earths, ?n <?ther 
and alumina, and moft of the metallic oxides, and forms bodies# 
compounds, which are called borats. 

Its affinities are as follows; 

Lime, 

Barytes, 

StrontitesJ, 
Magnefia, 
Potafs, 
Soda, 

Ammonia, 

Oxide of zinc, 
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iron, 

lead, 
tin, 

cobalt, 
copper, 
nickel, 
mercury, 

Alumina, 

Jargonia$, 
Water, 

Alcohol. 

Sect. IX. Fluoric Acid. 

$ Fauquc* 
tin, Ann. <tt 

Cbim. xxii. 
20 S. 

The mineral calle&jluor or fufiblefpar, was not pro- Dikovery 

perly diftinguifhed from other fpars till Margraf pub- of fluori/ 
liflied a differtation on it in the Berlin Tranfa&ions for acid. 
1768. He firft proved that it contained no fulphuric 
acid, as had been formerly fuppofed; he then attempted 

to decompofe it, by mixing together equal quantities 
of this mineral and fulphuric acid, and diftilling them. 
By this method he obtained a white fublimate, which he 
fuppofed to be the fluor itfelf volatilized by the acid. 
He obferved, with aftonifliment, that the glafs retort 
was corroded, and even pierced with holes. Nothing 

more was known concerning fluor till Scheele publifhed 
his experiments three years after ; by which he proved 

that it was compofed chiefly of lime and a particular 
acid, which has been called fluoric acid. 

To obtain it, put eight ounces of finely powdered Method of 
fluor intef a retort, and pour on it an equal quantity of obtaining 
fulphuric acid, and lute to the retort, as exadlly as pof-ic* 
Able, a receiver containing eight ounces of water. Va¬ 
pours immediately appear and darken the infide of the 
veffel: Thefe are the acid in the ftate of gas. The dif- 
tillation is to be condu&ed with a very moderate heat, 
not only to allow the gas to condenfe, but alfo to pre¬ 

vent the fluor itfelf from fubliming. After the pro- 

cefs, 
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Fluoric cefe, a cruft of white earth is found in the receiver, 

which has all the properties of filica. 
' Scheele fuppofed that the filica produced was form- 

ed of fluoric acid and water, and Bergman adopted the 
fame opinion. But Wiegleb and Buccholz (hewed, 

that the quantity of filica was exa&ly equal to what 
the retort loft in weight ; and Meyer completed the 
proof that it was derived from the glafs, by the follow- 
ing experiment : He put into eacli of three equal cylin¬ 

drical tin yeffels a mixture of three oz. of fulphuric acid 
and one oz. of fluor, which had been pulverized in a 
mortar of metal. Into the firft he put one oz. of 
pounded glafs ; into the fecond, the fame quantity of 
quartz in powder ; and into the third, nothing. A- 
bove each of the veflels he hung a fponge moiftened 
with water; and having covered them, he expofed them 
to a moderate heat. rI he fponge in the fiift cylinder 
was covered with the cruft in half an hour ; the fponge 

in the fecond in two hours ; but no cruft was formed 
in the third, though it was expofed feveral days. In 
confequence of this decifive experiment, Bergman gave 
up his opinion, and wrote an account of Meyer s ex¬ 
periment to Morveau, who was employed in tranllating 

his works, to enable him to correct the miftake in his 

. notes. 
Attempts Soon after the difeovery of this acid, difficulties and 
to difprove doubts concerning its exiftence as a peculiar acid were 
its exift- ftarted by fome French chemifts, difguifed under the 
ence. name of Boulanger, and afterwards by Mr Achard and 

Mr Monnet. To remove thefe objeftions, Mr Scheele 
inftituted and publifhed a new fet of experiments; which 
not only completely eftabliffied the peculiar nature of 

the fluoric acid, but once more difplayed the unrivalled 
abilities of the illuftrious difeoverer. Thefe important 
particulars we pafs over thus (lightly, becaufe they have 
been partly treated of already in the article Chemistry, 

Refuted by Encycl. One experiment, however, we cannot omit, 
Scheele, becaufe it is fufficient of itfelf to deftroy almoft all the 

objections of his antagonifts, which confided in at¬ 
tempting to prove, that the fluoric acid was merely a 
modification of the acid employed to extraft it. We 

(hall give it in Mr Sheele’s own words. 
“ I melted together (fays he) in a crucible two 

ounces of finely pulverized fluor fpar with four ounces 
©f potafs. As foon as they were melted, I poured out 
the mafs, rubbed it, when it was become cold, to a pow¬ 
der, and extraaed the alkali from it again by lixivia- 
tion with water. I evaporated the lixivium to dry- 
nefs; and threw away the remaining undiffolved powdej- 
( which was only one of the component parts of the fluor, 
and which diflolved readily, and with effervefcence, in 
acids) from its folution, in which it may be precipita¬ 
ted by fulphuric acid in the form of felenite (fulphat of 
lime). Upon a little of the dried alkali, put into a fmall 
retort, I poured fome fulphuric acid, fitted to it a re¬ 
ceiver containing fome water; and even before the retort 
was become hot, I obferved this water to. be covered 
over with a pellicle of filiceous earth .\ a certain proof 
that the alkali had extrafted the acid from the fluor 
during its expofure to the fire with it. Should Mr 
Achard, agreeably to the opinion which he has adopt- 

ISTRY. 
ed, conclude from this experiment, that the alkali fe- 

parated the volatile earth from the fluor (F) ; Hill he ^ 
muft certainly allow this earth of his to be of an acid 
nature, fince the alkali is capable of difengaging it from 
the calcareous earth.— The remaining portion of the 
dried alkali I diflolved again in water, and faturated the 

fuperfluous alkali with pure nitric acid. After expel¬ 
ling from this faturated folution, by means of heat, the 
carbonic acid gas, which in fuch cafes is always retain¬ 
ed in the liquor, I dropped fome of it into lime-water; 
whereupon I obtained a white precipitate, which was a 
regenerated fluor. I now diflolved fome oxide of lead 
in vinegar, and continued to add to the ley, which had 
been faturated with nitric acid, as much of this folu¬ 
tion as was requifite, till all precipitation ceafed. Thus 
I transferred the fluor acid from the alkali to the oxide 
of lead. After waffling the precipitate in cold water, 
and drying it, I dropped upon a fmall quantity of it a 
few drops of fulphuric acid ; a frothing up immediate¬ 
ly enfued, accompanied with an extrication of fluor acid 

vapours. But perhaps, in this cafe, the volatile eaith 
of fluor unites with the fulphuric acid,^ and converts 
this fixed, or almoft fixed acid into acidgas. I can 
eafily make allowance to Dr Prieftley for being incli¬ 
ned to draw fuch a conclufion, fince this celebrated phi- 

lofopher does not pretend to be a chemift (g). Being 
defirous of feeing whether heat alone was capable of 
expelling this acid from the oxide of lead, I put a little 
of this fluorated oxide into a fmall retort, the receiver 
to which contained fome water. The oxide was melt¬ 

ed ; but I could not perceive any acid. The bottom 
of the retort was moreover quite corroded and diflolved, 

fo that the whole ran into the fire. Thus the oxide of 
lead retains this acid in the fire, and will not part with 
it, unlefs the oxide is combined with fome other fub- 
dance. I therefore rubbed the remainder of my fluo¬ 
rated oxide of lead with an equal quantity of charcoal 
powder, and diftilled the mixture in an open fire in a 
fmall glafs retort, to which was adapted a receiver con¬ 
taining fome water. As foon as the redu&ion of the 
oxide of lead took place, the neck of the retort became 
incrufted with a white fublimate, and a filiceous pellicle 
appeared upon the water. The fublimate had a four 
tafte, becaufe the filiceous earth of which it confifts is 
penetrated with fluoric acid ; and the acid water in the 
receiver let fall, on the addition of volatile alkali, a fili¬ 

ceous earth < * Crcll's 
Sorry are we to add, that fince the death of this ad- Journal, i. 

mirable man, to ufe the words of Mr Kirwan f, a man Eng. 
as eminent in the chemical as Newton in the mathema- 
tical branch of natural ptylofophy* Mr Monnet % hasj^ Ciil!' 
thought proper to renew his attacks in a ftyle of haugh- f Journ. dt 
tinefs and acrimony that infpires infinite difguft. The Poyf. xxx. 
falacy of his reafoning is fufficiently expofed by Mr Le-aI3* 

onhardi, in the 6th volume of his late learned edition ^nd^Leon- 
of Macquer’s Di&ionary. hardi. 

Fluoric acid may be obtained in the form of gas, by 454 
applying a moderate heat to fulphuric acid and fluor Pr0Pel> 
fpar, and receiving the product over mercury. 

This gas is the acid in a (late of purity. It is invi- 

fible and elaftic like air ;; it does not maintain combuf- 
tion>; 

(f) Mr Achard affirmed that fluor was compofed of a peculiar volatile earth. 

£0) Dr Prieftley at firft advanced this hypothefis, but he afterwards gave it up. 
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tion, nor can animals breathe it without death. It has a 

pungent fmell, not unlike that of muriatic acid. 
It is heavier than common air. It corrodes the fkin 

aim oil inftantly. It combines rapidly with water ; and 
if it has been obtained by means of glafs veflels, it de- 
pofites at the fame time a quantity of filica. 

Water impregnated with this gas does not freeze at 
a higher temperature than 230 *. 

In the (late of gas this acid does not a61 upon nitrous 

gas nor fulphur Alcohol and ether abforb it, but it 
does not alter their qualities 

Itiscapableof oxidating iron,zinc,copper, and arfenic. 
It docs not a£ upon gold, platinum, filver, mercury, 

lead ? tin, antimony, cobalt. 

It combines with alkalies, alkaline earths, and alumi¬ 

na, and metallic oxides, and forms compounds denomi¬ 
nated fuats. 

It is capable, as we have feen, of diffolving filica, 
which is infoluble in every other acid ; accordingly it 

corrodes glafs. This property has induced feveral inge¬ 
nious men to attempt, by means of it, to engrave, or 
rather etch, upon glafs. 

The affinities of fluoric acid are as follows : 
Lime, 
Barytes, 
Strontites J, 

Magnefia, 
Potafs, 
Soda, 
Ammonia, 

Oxide of zinc, 

—:-manganefe $, 
- ■ ' ■ iron, 

* . ' ■ lead, 
■■■ • tin, 
- cobalt, 

• copper, 

• nickel, 

arfenic, 
bifmuth, 
mercury, 
filver, 
gold, 
platinum. 

|| Vauqut- 
lin} Ann. de 

Cbim. xxii. 
308. 
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Sect. X. Of Carbonic Acid. 

Carbonic acid is compofed of carbon and oxygen. 

According to Lavoifier’s experiments, the proportions 
are 28 parts of carbon and 72 of oxygen. Mr Prouft 

informs us that there is alfo a carbonous acid (h) ; but 
with this acid we are not at prefent acquainted, and 
cannot therefore defcribe it. 

Paracelfus and Van Helmont were acquainted with 
the fadi, that air is extricated from folid bodies during 

S T R Y. Part 
certain procefies, and the latter gave to air thus pro- Carbonic 
duced the name of gas. Boyle called thefe kinds of air Acid- 
artificial airs, aud fufpe&ed that they might be diffe- '-'r~~J 
rent from the air of the atmofphere. Hales afcertained 
the quantity of air that could be extricated from a 
great variety of bodies, and fhewed that it formed an 
effential part of their compofition. Dr Black proved, 

that the fubftances then called lime, magnefia, and alka¬ 
lies, are compounds, confiding of a peculiar fpecies of 
air, and pure lime, magnefia, and alkali. To this fpe¬ 
cies of air he gave the name of fixed air, becaufe it ex- 
ifted in thefe bodies in a fixed ftate. This air or gas 

was afterwards inveftigated by Dr Prieftley, and a great 
number of its properties afcertained. From thefe pro¬ 

perties Mr Keir * firft concluded that it was an acid ; * fair's 
and this opinion was foon confirmed by the experiments Macquert 
of Bergman, Fontana, Scc. Dr Prieftley at firft fuf-art*^>* 
pe&ed that this acid entered as an element into the com¬ 
pofition of atmofpherical air; and Bergman adopting 

the fame opinion, gave it the name of aerial acid. Mr 
Bewdly called it mephitic acid, becaufe it could not be 
refpired without occafioning death ; and this name was 

alfo adopted by Morveau. Mr Keir called it calcareous 
acid; and at laft Mr Lavoifier, after difcoverfng its com¬ 
pofition, gave it the name of carbonic acid gas. 

The opinions of chemifts concerning the compofition Theories 
of carbonic acid have undergone as many revolutions as about its 
its name. Dr Prieftley and Bergman feem at firft toc.omPofi’ 
have confidered it as an element; and feveral celebratedt,0n‘ 
chemifts maintained that it was the acidifying principle. 
Afterwards it was difcovered that it was a compound, 
and that oxygen gas was one of its component parts. 
Upon this difcovery the prevalent opinion of chemifts 
was, that it confifted of oxygen and phlogifton ; and 
when hydrogen and phlogifton came (according to Mr 
Kirwan’s theory) to fignify the fame thing, it was of 

courfe maintained that carbonic acid was compofed of 
oxygen and hydrogen : and though Mr Lavoifier de- 

monftrated that it was formed by the combination of 
carbon and oxygen, this did not prevent the old theory 
from being maintained ; becaufe carbon was itfelf con¬ 
fidered as a compound, into which a very great quanti¬ 
ty of hydrogen entered. But after Mr Lavoifier had 
demonftrated that the weight of the carbonic acid pro¬ 
duced was precifely equal to the carbon and oxygen 
employed; after Mr Cavendifh had difcovered that oxy¬ 

gen and hydrogen when combined did not form carbo¬ 
nic acid, but water—it was no longer poffible to hefi. 
tate that this acid was compofed of carbon and oxygen. 
Accordingly all farther difpute about it feems now at an 
end. At any rate, as we have already examined the 

objections that have been made to this conclufion, it 
would be improper to enter upon them here. 4S9 

If any thing was ftill wanting to put this conclu-Its analyfis. 

fion beyond the reach of doubt, it was to decom¬ 
pound carbonic acid, and thus to exhibit its component 
parts by analyfis as well as fynthefis. This has been 
actually done by the ingenious Mr Tennant. Into a 
tube of glafs he introduced a bit of phofphorus and 

fome 

(h) When there are two acids having the fame bafe, but containing different quantities of oxygen, they are 
diftinguifhed by their termination. The name of that which contains molt oxygen ends in ic, the other fri ous. 

Thus fulphuric and fulphurous acids, nitric and nitrous, phofphoric and phofphorous, carbonic and carbonous. 
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Carbonic fome carbonat of lime. He then fealed the tube her- 

metically, and applied heat. Phofphat of lime was 
formed, and a quantity of carbon depofited. Now 
phofphat of lime is compofed of phofphoric acid and 
lime ; and phofphoric acid is compofed of phofphorus 
and oxygen. The fubftances introduced into the tube 
were phofphorus, lime, and carbonic acid; and the fub¬ 
ftances found in it were phofphorus, lime, oxygen, and 
carbon. The carbonic acid, therefore, muft have been 
decompofed, and it muft have confided of oxygen and 
carbon. This experiment was repeated by Dr Pearfon, 
who ascertained that the weight of the oxygen and car¬ 
bon were together equal to that of the carbonic acid 
which had been introduced ; and in order to fhew that 
it was the carbonic acid which had been decompofed, he 
introduced pure lime and phofphorus ; and inftead of 
obtaining phofphat of lime and carbon, he got nothing 
but phofphuret of lime. Thefe experiments were alfo 
confirmed by Meftrs Fourcroy, Vauqueiin, Sylveftre, 

and Broigniart (1) *. 
Carbonic acid may be obtained by pouring Sulphuric 

acid upon chalk, and receiving the product in a pneu¬ 

matic apparatus. 
It is invifible and elaftic like common air. It extin- 

guiihes a candle, and is unfit for refpiration. It has no 

fmell. 
Its Specific gravity is 0,0018 f ; but this varies ac¬ 

cording to its dry nets or moifture. 
It reddens the tin&ure of turnfole, but no other ve¬ 

getable colour 

Atmofpheric air contains about part of this 
gas(K). 

Water abforbs it by agitation, or by allowing it to 
remain long in contact with it. At the temperature of 
410 water abforbs its own bulk of this gas. The Spe¬ 
cific gravity of water Saturated with it is 1,0015. This 
water, at the temperature of 3 50, has little tafte; but if it 
be left a few hours in the temperature of 88°, it affumes 
an agreeable acidity, and a Sparkling appearance §. 

Ice abforbs no carbonic acid ; and if water contain¬ 
ing it be frozen, the whole Separates in the ad of free- 

J| Priejiley, zing j|. 

*•l10' This gas alfo Separates from water at the boiling 
f Ibid, temp erat u re . 

Alcohol and oil of turpentine abforb double their 
weight of this gas ; olive oil its own bulk. Ether 

* Bergman, mixes with it in the ftate of gas*. 

Phofphorus Suffers no change in this gas except it 
f Brugna- contains a mixture of oxygen gas f. It has an affinity 
telliy A7/V/W-f0r common air. Bergman left a bottle of it uncorked, 
/on s Jour- and found that in a few days it contained nothing but 

common air. Common air, indeed, has fo ftrong an af¬ 
finity for this gas, that it attrads it from water, as Mr 
Welter has obferved J. 
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It is abforbed by red hot charcoal, as Morozzo and Acetous 

La Metherie have fttewn. , Acid. ^ 

It is capable of combining with alkalies, alkaline 46i 
earths, and alumina, and Several metallic oxides, and of Corn- 

forming compounds known by the name of carbonats. pounds. 
It has no affinity for jargonia, according to Klaproth *; * Joum. de 

but, according to Vauqueiin, it hasf. /%/xxxvl. 

Its affinities, as arranged by Bergman, are as follows fnn 

& Ann. de 
Cbim. xiii. 
312. 
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Barytes, 
Lime, 

Strontites f, 

Potafs, 
Soda, 
Magnefia, 
Alumina, 

Metallic oxides as in fulphuric acid> 
Oxygen gas §, 
Water, 

Alcohol. 

Sect. XI. Of Acetous Acid. 

Acetous acid or vinegar was known many ages be¬ 
fore the difcovery of any other acid, thofe only except¬ 
ed which exift ready formed in vegetables. It is men¬ 
tioned by Mofes, and indeed feems to have been in com¬ 
mon ufe among the Ifraelites and other eaftern nations 
at a very early period. 

The methods of procuring, purifying, and concen¬ 
trating this acid, have been already given in the articles 

Chemistry, Fermentation, and Vinegar, Encycl. 
and cannot therefore be repeated in this place. 

It has been afcertained beyond a doubts that this 
acid is compofed of carbon, hydrogen, and oxygen ; 
but neither the manner in which thefe fubftances are 

combined, nor their proportions, have been accurately 
afcertained. 

Acetous acid, as commonly prepared, is very fluid, 
has a pleafant fmell, and an acid tafte. It reddens ve¬ 
getable colours. In this ftate it is mixed with a great 
proportion of water ; but Mr LowitZ of Peterfburg has 

difcovered that it may be obtained in a folid cryftalli- 
zed form. Of this curious and inftrudive procefs we 
fitall tranfcribe his own account |j. 

** I have long been accuftomed (fays he) to prepare 
concentrated vinegar by congelation in the following 
manner : I freeze a whole barrel of vinegar as much as 
pofiible, then diftil the remaining unfrozen vinegar in a 
water-bath ; by which means I at firft efpecially colled! 
the fpirituous ethereal part ; the vinegar, which next 
comes over, I freeze again as much as pofiible, and af¬ 
terwards purify it, by diftilling it again with three or 
four pounds of charcoal powder. Thus I never fail to 
get a very pure, fweet-fmelling, highly concentrated vi¬ 
negar ; the agreeable odour of which, however, may be 
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(1) Count Mufiin-Pufchin having boiled a Folution of carbonat of potafs on purified phofphorus, obtained 
carbon. This he corifidered as an inftance of the decompofition of carbonic acid, and as a confirmation of the 
experiments related in the text. See Ann. de Chim. xxv. 105. 

(k) At lead near the furface of the earth. Lamanon, Mongez, and the other unfortunate philofophers who 
accompanied La Peroufe in his laft voyage, have rendered it not improbable that at great heights the quantity 
of this gas is much fmaller. They could deted none in the atmofphere at the fummit of the Peak of Teneriffe, 
See Lamanon's Memoir at the end of La Peroufe's Voyage* 
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ftill improved by tlie addition of a proper quantity of the 
ethereal liquor colkaed at the beginning of the firft dif- 

tillation, but which muft be previoufly dephlegmated 

by two or three rectifications. 
« After the diftillation in the water-bath was over, 

that no vinegar might be loft, I ufed to move the retort, 
with the charcoal powder which remained in it, to a 
fand-bath ; and thus I obtained, by means of a ftrong 
fire, a few ounces more of a remarkably concentrated 

vinegar, which was of a yellow colour. 
“ Having colleCted about ten ounces of this concen¬ 

trated vinegar, I expofed it lafl winter in the month of 
December to a cold equal to —2 2°; in which fituation 

it {hot into cryftals from every part. I let what re¬ 
mained fluid drop away from the cryftals into a bafon 
placed underneath, firft in the cold air, and afterwards 
at the window within doors. There remained in the 
bottle fnow-white finely foliated cryftals, clofely accu¬ 
mulated one upon the other, and which I at firft took 

to be nothing but ice : on placing them upon the warm 
ftove, they diflblved into a fluid which was perfeftly as 
limpid as water, had an uncommonly ftrong, highly pun¬ 

gent, and almoft fuffocating acetous fmell, and in the 
temperature of—37° immediately congealed into a fo- 

lid white cryftallized mafs, refembling camphor. 
“ After I had obferved that vinegar in this ftate.is of 

fuch an extraordinary ftrength and purity as to be in its 
higheft degree of perfe&ion, I took all poflible pains to 

find out a method of obtaining all the acetous acid in 

the ftate of glacial vinegar. 
“ To avoid circumlocution, I (hall denote the ftrength 

of each fort of vinegar, which it was neceffary for me 
to know in my experiments, by degrees, which I afcer- 

tain in the following manner: viz. to one drachm of 
vinegar I add, drop by drop, a clear volution of equal 
parts of carbonat of potafs and water, till all at once a 
doudinefs or precipitation appears. Although, on the 

appearance of this fign, the acid is already fuperfatu- 
rated with the alkali, yet it feems to me to be a more 
accurate teft for afcertaining its ftrength than the ceffa- 
tion of effervefcence ; for as the point of Saturation ap¬ 
proaches, the effervefcence becomes fo imperceptible, 

that it is almoft impofiible to determine with precifion 
when it is really at an end. Now, every five drops of 
the alkaline folution, which I find it neceffary to add to 
the vinegar till the precipitation takes place, I reckon 
as one degree. Thus, for example, if a determinate 

quantity of vinegar requires 25 drops for that effed, I 
denote its ftrength by five degrees. This is about the 

ftrength of good diftilled vinegar. 
“ I call that vinegar which, in confequence of its 

concentration, is capable of cryftallizing in a great de¬ 

gree of cold, cryftallizable vinegar ; the cryftals of vine¬ 
gar, feparatcd after the cryftallization is completed from 

the remaining fluid portion, I call glacial vinegar; and, 
laftly, to the fluid refiduum I give the name of mother- 

ley of vinegar. 
“ From a great number of experiments, I have found 

that vinegar muft have at leaft 24 degrees of concentra¬ 
tion before it can be brought to cryftallize by expofure 
to the molt intenfe cold. Vinegar muft be of the ftrength 
of 42 degrees at leaft, in order to become glacial vine¬ 
gar ; viz. in this ftate of concentration it has the pro¬ 
perty of cryftallizing in a degree of cold not exceeding 

that in which water begins to freeze. 

Acid. 
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“ I have found that charcoal, on being diftilled with Acetous 

vinegar in a water-bath, poffeffes the Angular and hi¬ 
therto unknown property of imbibing a certain quan¬ 
tity of the acetous acid in a very concentrated ftate, and 
of*retaining it fo ftrongly, that the acid cannot be fe- 
parated from it again but by the application of a con¬ 
siderably greater degree of heat than that of boiling 
water. Upon this circumftance is founded the new 
method which I have difcovered of concentrating vine¬ 

gar, fo as to obtain all its acid in the pureft ftate, viz• 

that of a glacial vinegar. 
“ Let a barrel of vinegar be concentrated by freezing 

in the manner above defcribed, and let the concentrated 
vinegar thus obtained, free from all inflammable or fpi- 
rituous parts, be put into two retorts : Add to each of 
them five pounds of good charcoal reduced to a fine 
powder, and fubjeft them to diftillation in a water-bath. 
When no more drops of vinegar come over, put the 
diftilled liquor into two frefh retorts ; and after adding 
five pounds of charcoal powder to each, proceed as be¬ 
fore to the diftillation in a water-bath. In the mean 
while, the two firft retorts are to be placed in a fand- 
bath, that, by means of a briflc fire, the cryftallizable 
vinegar, which is retained in the apparently dry char¬ 
coal powder, may be expelled from it. The heat muft 
be ftrong enough to make the drops follow one another 
every two feconds ; and when, in this degree of heat, 
20 feconds intervene between each drop, the vinegar 
which has been colle&ed muft be removed ; for what 
follows is hardly any thing elfe but mere water. In 
this manner about fix ounces and a half of cryftallizable 
vinegar, which is generally of the ftrength of between 
36 and 40 degrees, may be colle&ed from each retort. 
As foon as the diftillation by the water-bath in the two • 

retorts is over, the diftilled liquor is to be poured back 
again into the firft retorts upon the charcoal powder, 
which remains in them, and which has been already 
ufed ; and from each of thefe retorts the remaining 
cryftallizable vinegar (which generally amounts to as 
much as the firft quantity) is to be abftra&ed by diftil¬ 
lation in a fand-bath. Thefe operations may be alter¬ 
nately repeated till alf the acid of the vinegar which 
had been concentrated by freezing is converted into 
cryftallizable vinegar ; or until the diftilled liquor, con- 

ftantly becoming weaker and weaker at every repeti¬ 
tion of the diftillation, comes over at length in the ftate 
of mere water, which, with the above mentioned quan¬ 
tity of charcoal powder, generally happens at the fourth 

or fifth diftillation. Now, in order to obtain the great- 
eft part of the pure acid contained* in the cryftallizable 
vinegar in the form of glacial vinegar, it muft be fet to 

cry ftallize in a great degree of cold ; and the mother- 
ley muft be afterwards thoroughly drained from the gla¬ 
cial vinegar, by letting it drop from the cryftals, firft 
in the cold, and then in the room before the window. 
The mother-ley may be rendered further cryftallizable 

by diftilling it with a little charcoal powder ; the weak¬ 
er part, which comes over firft, being put afide. But 
if a perfon wifhes to keep the cryftallizable vinegar far 
other purpofes, and without feparating any glacial vine¬ 

gar from it, he muft diftil the whole of it again with 

charcoal powder in a fand-bath. 
« I have found by accurate experiments, that; by 

means of this curious procefs, ten pounds of vinegar, 
concentrated by freezing to the 90th degree, may be 

made 



Part II. CHEMISTRY. 

464 
Action of 
acetous a- 
cid on o- 
ther bo¬ 
dies. 

465. 
Its aftini- 
lies. 

made to yield 38 Ounces of cryftallizable vinegar, from 
which 20 ounces of glacial vinegar may be obtained. 

“ What con Hit lit es the excellence of this method is, 
that the concentration and purification are effected by' 
one and the fame medium, viz. the charcoal powder; 
in confequence of which, both intentions are fulfilled at 

the fame time. 
“ Laft year, after much refleftion, I was fo happy as 

to find out another very effectual method of feparating 
the acetous acid from the other fubftances combined 
with it, fo as to obtain it at once in the (late of a gla¬ 
cial vinegar of the greateft poffible ftrength. The fe¬ 
parating medium which I thought of is fulphat of pot- 
afs fuperfaturated with fulphuric acid ; a fait in which, 
conformably to my purpofe, the fulphuric acid exiils in 

a perfeftly dry and dephlegmated Hate. 
“ By means of this fait a highly concentrated glacial 

vinegar may be obtained in the following manner : 
“ Let three parts of acetated foda, prepared with vi¬ 

negar diftilled over charcoal, and evaporated to perfeft 
drynefs, be melted in a ftrong heat; then pour it out, 
and rub it to a very fine powder. Mix this powder 
very accurately with eight parts of fuperfaturated ful¬ 
phat of potafs that has been previoufly well dried, and 
in like manner reduced to a fine powder; put the whole 
into a retort, and diftil with a gentle heat, in fuch man¬ 
ner that, along with the drops, fome vapours alfo may 
be perceived to come out of the neck of the retort; 
but by no means fo that the receiver fhall be filled with 
thefe vapours. Notwithllanding the moderate heat, the 
vinegar comes over very fail, and the quantity of gla¬ 
cial vinegar, of the ftrength of 54 degrees, which is 
thus obtained, amounts to nearly two parts.” 

Acetous acid is capable of oxidating iron, zinc, lead, 
nickel, tin, copper. 

It does not aft upon gold, filver, platinum, mercury, 
bifmuth, cobalt, antimony, arfenic. 

It combines with alkalies, alkaline earths, and alumi¬ 

na, and metallic oxides, and forms compounds known 
by the name of acetites. 

Its affinities are as follows: 
Barytes, 
Potafs, 

Soda, 
Strontites ? 
Lime, 
Magnefia, 
Ammonia, 
Oxide of zinc, 
>■ - — manganefe, 

Water, 
Alcohol, 
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iron, 
lead, 
tin, 
cobalt, 
copper, 

nickel, 
arfenic, 
bifmuth, 
mercury, 
antimony, 
filver, 

gold, 
platinum, 

Sect. XII. Of Acetic Acid* 

If acetite of copper be diftilled, an acid comes over;, 
of a more pungent fmell than acetous acid, capable ot 
cryftallizing, and having a ftronger affinity for other bo¬ 

dies than acetous acid. It is called acetic acid, and is 
fuppofed to contain a larger proportion of oxygen than 

acetous acid. This additional dofe it is fuppofed to re¬ 
ceive from the oxide of copper, which during the pro- 
cefs is reduced to the metallic ftate. It can hardly be 
doubted that the glacial vinegar of Lowitz, deferibed in 
the preceding feftion, is really acetic acid, though it 
would perhaps be difficult to explain its formation. Its 
affinities are the fame with thofe of the acetous acid. 

Sect. XIII. Of Oxalic Acid, 

Sugar, a well-known fubftance extrafted from the 
fugar-cane, appears to have been ufed in the Eaft at a 
very early period ; but it made its way weftward very 

flowly. As a medicine, it is mentioned by Diofcorides ; 
but it was not in common ufe in Europe till after the 
14th century. _ 6g 

It has been proved that fugar is compofed of oxygen, Compofl- 

carbon, and hydrogen. Lavoifier concluded, from a longtion of fii- 

feries of delicate experiments, that it coniifts of 8 partsgar* 
of hydrogen, 64 of oxygen, and 28 of carbon. , 

From fugar, by a particular procefs, an acid has been Difcovery 
obtained called oxalic acid, becaufe it exifts ready form of oxalic 

ed, as Scheele has proved, in the oxalis acetofella, orackl. 
wood forrel. At firft, however, it was called the acid 
of fugar, or the faccharine acid. 

As the earlieft and belt account of the oxalic acid 
was publiffied by Bergman, he was for a long time 
reckoned the difeoverer of it; but Mr Ehrhart, one of 
Scheele’s intimate friends, informs us, that the world is 
indebted for its knowledge of this acid to that illuftriou3 
chemift*, and Hermftadt and Weftrum affign the dif-* EUvart's 
covery to the fame author J. The afiertions of thefe Magazine 

gentlemen, who had the beft opportunity of obtaining-^ 

accurate information, are certainly fufficient to eftabhffip^rTi ' *>* 
the faft, that Scheele was the real difeoverer of oxalic p. 54. 
acid. f Keirs 

Bergman gives us the following procefs for obtaining ^l^nary. 

this acid. “ Put one ounce of white fugar powdered Method of 
into a tubulated retort, with three ounces of ftrong ni-procuring 
trie acid, the fpecific gravity of which is to that of it. 
water as 1,567. When the folution is over, during 
which many fumes of the nitrous acid efcape, let a re¬ 
ceiver be fitted, and the liquor made to boil, by which 
abundance of nitrous gas is expelled. When the liquor 
in the retort-acquires a reddifh brown colour, add three 
ounces more of nitric acid, and continue the boiling 
till the fumes ceafe, and the colour of the liquor va- 
nifhes. Then let the contents of the retort be emp¬ 
tied into a wide veftel; and upon cooling, a cryftall,*- 
zation will take place of {lender, quadrilateral prifms, 
which are often affixed to each other at an angle of 450. 

Thefe cryftals, collefted and dried on blotting paper, 
will be found to weigh i-J dr. 19 gr. By boiling the 

remaining lixivium with two ounces of nitric acid in 
the retort, till the red fumes almoft difappear, and by 

repeating the cryftallization as before, ^ dr. 13 gr. of 
folid acid will be obtained. If the procefs be repeated 

S s 2 once 
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once more upon the refiduum, which has now a gluti- 
nous confidence, with the fucceffive additions of fmall 
quantities'of nitric acid, amounting in all to two oun¬ 
ces, a faline brown deliquefcent mafs will be formed, 
weighing half a dram, of which about a half will be 
loft by a farther purification. The cryftals obtained 
thus at different times may be purified by folution and 
cryftallization, and by digefting the laft lixivium with 

fome nitric acid, and evaporation with the heat of the 

fun.” 
By the fame procefs Bergman obtained it from gum 

arabic, alcohol, and honey : Scheele, Hermftadt, Wef- 
trum, Hoffman, &c. from a great variety of other ve¬ 
getable produdions ; and Berthollet from a great num¬ 

ber of animal fubftances. 
It is of great confequence not to life too much nitric 

acid, otherwife the quantity of oxalic acid will be dimi- 
nifiied ; and if a very great quantity of nitric acid be 
ufed, no oxalic acid will be obtained at all *. On the 
contrary, if too fmall a quantity of nitric acid be ufed, 
the acid obtained will not be the oxalic, but the tarta- 
rousf. We think we have obferved, that a confiderably 
larger proportion of oxalic acid may be obtained by 
pouring nitric acid on fugar, and allowing thefe fubftan¬ 
ces to ad upon each other while cold. When the pro¬ 
cefs is conducted in that manner, hardly any thing fe- 

parates but nitrous gas. 
Oxalic acid is capable of cryftallization, or rather it 

is generally obtained in that ftate. Its cryftals are qua¬ 

drilateral prifms, the ends of which often terminate in 

ridges %. 
They are foluble in their own weight of boiling wa¬ 

ter : water at the temperature of 65,7° diffolves half its 
weight of them. The fpecific gravity of the folution 

is 1,0593 ||. One hundred parts of boiling alcohol dif- 
folve 56 parts of thefe cryftals ; but at a mean tempe¬ 
rature only 40 parts §. They are not eafily foluble in 
ether. Fixed and volatile oils diffolve them, and they 
may be again obtained by gentle evaporation. Too vio¬ 

lent a heat would fublime the acid itfelf. 
Oxalic acid has a very acrid tafte when it is concen¬ 

trated, but a very agreeable acid tafte when fufficiently 

diluted with water 
It changes all vegetable blues except indigo to a red. 

One grain of cryftallized acid, diffolved in 1920 grains 
of water, reddens the blue paper with which fugar loaves 

are wrapt: one grain of it, diffolved in 3600 grains of 
water, reddens paper ftained with turniole *. Accord¬ 
ing to Morveau, one part of the cryftallized acid is 

fufficient to communicate a fenfible acidity to 2633 

parts of water +. ....... , , 
Its fixity is fuch, that none of it is fublimed when 

water containing it in folution is raifed to the boiling 

temperature. 
When this cryftallized acid is expofed to heat in an 

open veffel, there arifes a fmoke from it, which affects 
difagreeably the nofe and lungs, d he refiduum is a 
powder of a much whiter colour than the acid had been. 
By this procefs it lofes -^ths ^s weight ; but foon 
recovers them again on expofure to the air. When di- 
ftilled, it firft lofes its water of cryftallization, then li¬ 
quifies and becomes brown; a little phlegm paffes over, 
a white faline cruft fublimes, fome part of which paffes 
into the receiver; but the greateft part of the acid is 
deftroyed, leaving in the retort a mafs y^th of the whole, 

STRY. PartH. 
which has an empyreumatic fmell, blackens fulphuric Tartarouj 

acid, renders nitric acid yellow, and diffolves in muria-, ^ 
tic acid without alteration. That part of the acid which 
fublimes is unaltered. When this acid is diftilled a fe- 
cond time, it gives out a white fmoke, which, conden- 
fing in the receiver, produces a colourlels uncryftalli- 
zable acid, and a dark coloured matter remains behind*. * Bergman 

During all this diftillation a vaft quantity of elaftic va¬ 
pour makes its efcape. From 279 grains of oxalic acid, 
Bergman obtained 109 cubic inches of gas, half of 
which was carbonic acid and half hydrogen. Fontana 
from an ounce of it obtained 430 cubic inches of gas, 
one-third of which was carbonic acid, the reft hydro¬ 
gen. From thefe fads, it is evident that oxalic acid is 
compofed of oxygen, hydrogen, and carbon ; but the 

proportions are ftill unknown. 
When nitric acid is frequently diftilled off oxalic acid, 

acetous acid is produced')'. The fulphuric acid, whenf JVefirum* 

concentrated, feems to produce the fame effed. . Mu¬ 
riatic and acetous acids diffolve oxalic acid, but without 

altering it J. # # . t Bergman* 
Oxalic acid is capable of oxidating lead, copper, iron, Jts^ou 

tin, bifmuth, nickel, cobalt, zinc, manganefe. on other 
It does not ad upon gold, lilver, platinum, mercury,bodies, 

arfenic ? 
Oxalic acid combines with alkalies, alkaline earths, 

and alumina, and metallic oxides, and forms falts known 

by the name of oxalats. 
Its affinities, according to Bergman, are as follows: 

Lime, 
Barytes, 
Strontites §, 

Magnelia, 
Potafs, 

Soda, 
Ammonia, 
Alumina, 

Jargonia |[ ? 
Metallic oxides as in fulphuric acid, 

Water, 
Alcohol. 
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Sect. XIV. Gf Tartarous Acid. 

Tartar, or cream of tartar as it is commonly called Oifcovery 
when pure, has occupied the attention of chemifts for of tartarous 

feveral centuries. Duhaniel and Groffe, and after them 
Margraf and Rouelle the Younger, proved that it was 
compofed of an acid united to potafs: but Scheele was 
the firft who obtained this acid in a feparate ftate. He 
communicated his procefs for obtaining it to Retzius, 
who publiffed it in the Stockholm Tranfadions for 
1770. It confifted in boiling tartar wdth lime, and 

in decompofing the tartrite of lime thus formed by 

means of fulphuric acid. # . r 473 
This acid, by a gentle evaporation, yields cryftals ioit9proper^ 

irregular in their figure, that every chemift who pasties. 
treated of this fubjed has given a different defcnption 
of them. According to Bergman, they generally con-+ ^ Sa[g 

fift of divaricating lamellae * ; according to Van Pack-jEJfent. acids 
en, they affume ofteneft the form of long pointed Tartan. 

prifms f 5 Spielman and CorvinusJ obtained them m 
groups, fome of them lance-fhaped, others needle-form- ^ Rncy^ 
ed, others pyramidal. Morveau obtained them needle- Method. 

form 5. They do not experience any change in the air; Cfom. i> 
* heat 3*3* 
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Citric heat decompofes them. 
Acid, without leaving any other reliduum than a coal, which 

----' generally contains a little lime *. In clofe veflels, the 

%fanT’ produft is carbonic acid and hydrogen gas f. If the 
* proper quantity of nitric acid be diftilled off the cryftals, 

they are converted into oxalic acid, and the nitric acid, 

d (ior.m“ as ufual, pafies into the nitrous acid J. Hence it is evi- 
TtierMt dent that tartarous acid alfo, like the four former is 

----- compofed of oxygen, hydrogen, and carbon; but the 

proportions are equally unascertained. 
This acid, when in cryftals, diffolves readily in water. 

Bergman obtained a folution, the fptcific gravity of 
which was 1,230 §. Morveau obferved, however, that 
cryftals formed fpontaneoufiy in a folution, the fpecific 

gravity of which was 1,084* 
It has a very (harp acid tafte, and reddens vegetable 

blues. ' # 
Tartarous acid does not oxidate gold, filver, platinum, 

lead, bifmuth, nor tin, and hardly antimony and nickel. 
It combines with alkalies, alkaline earths, and alu¬ 

mina, and metallic oxides, and forms falts known by the 

name of tartrites. 
The order of its affinities is the fame as that given 

for oxalic acid; except that, according to Lavoiiier, 

the oxide of filver comes before that of mercury. 

Sect. XV. Of Citric Acid. 

Chemists have always confidered the juice of oran¬ 
ges and lemons as a peculiar acid. This juice contains 
a quantity of mucilage and water, which render the acid 
impure, and fubjed to fpontaneous decompofition. Mr 
Georgius took the following method to feparate the 
mucilage. He filled a bottle entirely with lemon-juice, 
corked it, and placed it in a cellar : in four years the 
liquid was become as limpid as water, a quantity of mu¬ 
cilage had fallen to the bottom in the form of flakes, 
and a thick cruft had formed under the cork. He ex- 
pofed this acid to a cold of 230, which froze a great 
part of the water, and left behind a ftrong and pretty 

!{• Stockholm pure acid ||. It was Scheele, however, that firft pomt- 
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ed out a method of obtaining this acid perfe&ly pure 
He faturated lemon-juice with lime, edulcorated the 

The cryftals alfo 

were black. By repeated folutions and evaporations,, 

this black matter was feparated, and found to be car¬ 
bon. Hence he concluded that mucilage had been pre- 
fent ; for mucilage is compofed of carbon, hydrogen, 
and oxygen ; fulphuric acid caufes the hydrogen and 
oxygen to combine and ferm water, and the carbon re¬ 

mains behind. It is not certain, however, as Mr Ni- 
cholfon remarks very juftly *, that the fulphuric acid ^Nicbolfon^ 

may not act upon the citric acid itfelf, and that the* 
carbon may not proceed from the decompofition of it; 
at leaft the experiments of Mr Dize are infufftcient to 
prove the contrary. In that cafe the fmaller the excefs 

of fulphuric acid ufed the better. 477 

The cryftals of citric acid are rhomboidal prifms, the J^ProPer" 

Tides of which are inclined to each other in angles of 
about 1 20 and 60 degrees, terminated at each end by 
four trapezoidal faces, which include the folid angles j*.t ^ 

They are not altered by expofure to the air. 
An ounce of diftilled water, at the temperature of 

the atmofphere, diffolves one ounce and two drams of 
cryftallized citric acid; and during the folution the tem¬ 
perature is lowered 29,75°. Boiling water diffolves 
twice its weight of this acid J. t ibid. 

Citric acid has a very acid tafte ; it turns vegetable 

blues to a red. 478 
It is capable of oxidating iron, zinc, tin. It does Its a<5tiom 

not a& upon gold, filver, platinum, mercury, bifmuth, 

antimony, arfenic. 
It combines with alkalies, alkaline earths, and alu¬ 

mina, and metallic oxides, and forms falts known by the 

name of citrats. 
Fire decompofes this acid, converting it into an aci¬ 

dulous phlegm, carbonic acid gas, and carbonated hy¬ 
drogen gas. Its folution in water 13 alfo gradually de- 
compofed, if accefs of air be permitted. It is evident,, 
therefore, that this acid is alfo compofed of oxygen, hy¬ 

drogen, and carbon. 
Scheele faid that he could not convert it into oxa¬ 

lic acid by means of nitric acid, as he had done fe- 
veral other acids ; but Weftrum affirms, that this con- 
verfion may be effected ; and thinks that Scheele had 

precipitate, which confifted of citric acid and lime, fepa- probably failed from having ufed too large a quantity of 

f Scheele's 
Mfays. 

* Scheele, 
Crell's An¬ 
nals , 17SS. 
4 Wejlrum. 

4 Ntchol- 
fort's Jour¬ 
nal) ii. 43. 

rated the lime from it by diluted fulphuric acid, cleared 
it from the fulphat of lime by repeated filiations and 
evaporation ; then evaporated it to the confiftence of a 
fyrup, and fet it by in a cool place : a quantity of cry¬ 
ftals formed, which were pure citric acid ^[. It exifts 
ready formed alfo in the juices of the following berries : 
Vaccinium occicoccos, vaccinium vitis idaa, primus padus9 

folanum dulcamara, roja canina *, cherries f. 
Scheele advifes the ufe of an excefs of fulphuric acid, 

in order to enfure the feparation of all the lime ; but 
according to Dize, this excefs is neceflary for another 
purpofej. A quantity of mucilage ftill adheres to the 

citric acid in its combination with lime, and fulphuric 
acid is neceflary to decompofe this mucilage, which, as 
Fourcroy and Vauquelin have proved, it is capable of 
doing. His proof of the prefence of mucilage is, that 
when the folution of citric acid in water, which he had 
obtained, was fufficiently concentrated b.y evaporation, 

it aflumed a brown colour, and even became black to- 

nitric acid, by which he had proceeded beyond the con- 
verfion into oxalic acid, and had changed the citric 
acid into vinegar ; and in fupport of his opinion, he 
quotes his own experiments: from which it appeared 
that, by treating fixty grains of citron acid with diffe¬ 
rent quantities of nitric acid, hisprodu&s were very dif¬ 
ferent. Thus with 2CO grains of nitric acid he got 30 
grains of oxalic acid; with 300 grains of nitric acid he 
obtained only 15 grains of the oxalic acid; and with 
600 grains of nitric acid no veftige appeared of the 
oxalic acid. On diftilling the produ&s of thefe experi¬ 
ments, efpecially of the laft, he obtained vinegar mixed 
with nitric acid. 

The affinities of this acid are as follows § : 
Lime (l), 

Barytes, 
Strontites ||, 
Magnefia, 
Potafs, 

(l) Mr De Brefley places barytes before lime. 
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Its affini¬ 
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§ See Berg« 
matt and 
Lamifter, 
j| Dr Hf>pet 
Tranf. Edir*. 

Soda,iT‘ 
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^ Vatiquehn, 
Ann de 
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Soda, 
Ammonia, 

Oxide of zinc, 

--manganefe *, 
-iron, 

*■ ■ -- lead, 
-cobalt, 

-— copper, 

-arfenic, 
-mercury, 

*.. antimony f, 
-- filver, 

-gold, 

-platinum, 
Alumina J, 

Jargonia $ ? 
Water, 

Alcohol. 

Sect. XVI. Of Malic Acid. 

CHEMISTRY. part n. 
diluted with water; whereas citric acid does not alter JLa&ic 
any of thefe folutions. Acid. 

3. Malic acid feems to have a lefs affinity than citric 
acid for lime ; for when a folution of lime in the for¬ 
mer acid is boiled one minute with a fait formed from 
volatile alkali and citric acid, a decompofition takes 
place, and the latter acid combines with the lime and 
is precipitated. 

The malic acid combines with alkalies, alkaline earths, f *83 
and alumina, and metallic oxides, and forms falts known .S 1- 
by the name of ritalats. * 

Its affinities have not yet been afeertained. 

}| SnveJiJb 
*TranC. and 
CreWs An¬ 

nals for 

ifS 5. 

t Ibid. 

Scheele difeovered a peculiar acid in the juices of 
feveral fruits, which, becaufe it is found moll abundant¬ 

ly in apples, has been called malic acid. 
He obtained it by the following procefs : Saturate 

the juice of apples with potafs, and add to the folution 
acetite of lead till no more precipitation enfues. Waffi 
the precipitate carefully with a fufficient quantity of 
water ; then pour upon it diluted fulphuric acid till the 
mixture has a perfe&ly acid tafte, without any of that 
fweetnefs which is perceptible as long as any lead re¬ 
mains diffolved in it; then feparate the fulphat of lead, 

which has precipitated, by filtration, and there remains 

behind pure malic acid ||. 
This acid is contained in the berries of the barheris 

1vulgaris, the fambucus nigra, the prunus fpinofa, the for- 
bus aucuparia, and the prunus domeflica . 

If nitric acid be diftilled with an equal quantity of 

fugar, till the mixture affumes a brown colour (which 
is a fign that all the nitric acid has been abftra&ed from 
it), this fubftance will be found of an acid tafte ; and 
after all the oxalic acid which may have been formed 
is feparated by lime-water, there remains another acid, 
which may be obtained by the following procefs : Sa¬ 
turate it with lime, and filter the folution ; then pour 
upon it a quantity of alcohol, and a coagulation takes 
place. This coagulum is the acid combined with lime. 

Separate it by filtration, and edulcorate it with freffi al¬ 
cohol ; then diflolve it in diftilled water, and pour in 

acetite of lead till no more precipitation enfues. The 
precipitate is the acid combined with lead, from which 
it may be feparated by diluted fulphuric acid. It pof- 
feffes all the properties of malic acid *. This acid, 
therefore, may be obtained from fugar; and it may be 
converted into oxalic acid, by diftilling off it the pro- 

f Kern,fait,per quantity of nitric acid f. 
fbyf. Chetn. This acid bears a ftrong refemblance to the citric, but 

482 differs from it in the following particulars : 
j. The citric acid fhoots into fine cryftals, but this 

acid does not cryftallize. 
2. The fait formed from the citric acid with lime is 

almoft infoluble in boiling water; whereas the fait made 

with malic acid and the fame bafis is readily foluble by 
boiling water. 

3. Malic acid precipitates mercury, lead, and filver, 

from the nitrous acid, and alfo the folution of gold when 

* Ibid. 

Irs proper¬ 
ties. 

Sect. XVI1. Of La Ate Acid. 

If milk be kept for fome time it becomes four. The 
acid which then appears in it was firft examined by 
Scheele, and found by him to have peculiar properties. 
It is called laBtc acid. In the whey of milk this acid 

is mixed with a little curd, fomephofphat of lime, fugar 
of milk, aqd mucilage. All thefe muft be feparated 
before the acid can be examined. Scheele accomplifhed 
this by the following procefs: 

Evaporate a quantity of four whey to an eighth part, Method ci 
and then filtrate it: this feparates the cheefy part. Sa-obtaining 
turate the liquid with lime-water, and the phofphat of la&ic acid, 
lime precipitates. Filtrate again, and dilute the liquid 
with three times its own bulk of water; then let fall in¬ 
to it oxalic acid, drop by drop, to precipitate the lime 
which it has diffolved from the lime-water : then add a 
very fmall quantity of lime-water, to fee whether too 
much oxalic acid has been added.. If there has, oxalat 

of lime immediately precipitates. Evaporate the folu¬ 
tion to the confidence of honey, pour in a fufficient 
quantity of alcohol, and filtrate again ; the acid paffes 
through diffolved in the alcohol, but the fugar of milk 
and every other fubftance remains behind. Add to the 
folution a fmall quantity of water, and diftil with a fmall 
heat, the alcohol paffes over, and leaves behind the la&ic 
acid diffolved in water*. * Scheele, 

This acid is incapable of cryftallizing : when evapo- Stockholm 

rated to drynefs, it deliquefees again in the airj. Tranf. 1780, 

When diftilled, water comes over firft, then a weak ^ lt/ldA 

acid refembling the tartarous, then an empyreumatic oil jts proper- 

mixed with more of the fame acid, and laftly carbonic ties, 

acid and hydrogen gas—there remains behind a fmall 1 lhtd' 

quantity of coal £. Comblna 
The combinations which this acid forms with alka-tions> 

lies, earths, and metallic oxides, are called laftats. 

Its affinities, according to Bergman, are as follows: And affini- 
Barytes, ties. 
Potafs, 
Soda, 
Ammonia, 
Lime, 
Magnefia, 
Alumina, 
Jargonia $ ? J Vauquelln^ 

Metallic oxides as in fulphuric acid\ Ann' de .. 
_TT J X ' r.Uim VY11. 

Water, 

Alcohol. 

Chim. xxih 
208. 

Sect. XVIII. Of Sacchola&ic Acid. 
488 

If a quantity of frefti whey of milk be filtrated, and Sugar of 
then evaporated by a gentle fire till it is of the conlift-niilk, 

ence of honey, and afterwards allowed to cool, a folid 

mafs 
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Saccholac- mafs is obtained. If this be diffolved in water, clarified 

tlc Acid', with the whi^e of eggs, filtrated, and evaporated to the 
confifterice of a fyrup, it depofites on cooling a number 

of brilliant, white, cubic cryftals, which have a fweet 
tafte, and- for that reafon have been called fugar of milk. 
Fabricius Bartholet, an Italian, was the firft European 

who mentioned this fugar. He defcribed it in his En¬ 
cyclopedia Hermetico dogmatica, publifhed at Boulognia 
in 1619; but it feems to have been known in India 

long before that period. 
After Mr Scheele had obtained oxalic acid from fu¬ 

gar, he wifiied to examine whether ,the fugar of milk 
would furnifii the fame produd. Upon four ounces 
of pure fugar of milk, finely powdered, he poured 12 
ounces of diluted nitric acid, and put the mixture in a 
large glafs retort, which he placed in a fand-bath. 
A violent effervefcence enfuing, he was obliged to re¬ 
move the retort from the fand-bath till the commotion 
ceafed. He then continued the diftillation till the mix¬ 
ture became yellow. As no cryftals appeared in the li¬ 
quor remaining in the retort, after ftanding two days 
lie repeated the diftillation as before, with the addition 
of eight ounces of nitric acid, and continued the opera¬ 
tion till the yellow colour, which had difappeared 011 
addition of the nitrous acid, returned. The liquor in 
the retort contained a white powder, and when cold 
was obferved to be thick. Eight ounces of water were 
added to dilute this liquor, which was then filtrated, 
by which the white powder was feparated ; which being 
edulcorated and dried, weighed 7* dr. The filtrated fo- 
lution was evaporated to the confiftence of a fyrup, and 
again fubjeded to diftillation, with four ounces of ni¬ 
tric acid as before ; after which, the liquor, when cold, 
was obferved to contain many fmall, oblong, four cry¬ 
ftals, together with fome white powder. This powder 
being feparated, the liquor was again diftilled with more 
nitric acid as before ; by which means the liquor was 
rendered capable of yielding cryftals again ; and by one 
diftillation more, with more nitrous acid, the whole of 
the liquor was converted into cryftals. Thefe cryftals, 
added together, weighed five drams ; and were found, 
upon trial, to have the properties of the oxalic acid. 

Mr Scheele next examined the properties of the white 
powder, and found it to be an acid of a peculiar nature ; 
he therefore called it the acid of fugar of milk. It is 
now called the faccholaftic acid. 

According to Scheele, it is foluble in 60 parts of its 
weight of boiling water ; but Meffrs Hermftadt* and 
Morveau f found, that boiling water only diffolved -^th 
part: it depofited about ^th part on cooling in the 
form of cryftals 

The folution has an acid tafte, and reddens the infu- 
fion of turnfole $. Its fpecific gravity, at the tempe- 

. 0015 W- 
When diftilled, it melts very readily, becomes black, 

and frothes ; a brown fait fublimes into the neck of the 
retort, which has the odour of a mixture of amber and 
benzoin, having an acid tafte, eafily foluble in alcohol, 

1 S T R Y. 327 
with greater difficulty in water, and burning in the fire 
with a flame. There pafies into the receiver a brown li- , _v_ , 

quid, having fome of this fait diffolved in it : There re- 
mains behind a coal *, which Hermftadt found to con- $ Scheele, 

tain a fmall quantity of lime. Concentrated fulphuric ibid. 

acid diftilled on this fait becomes black, frothes, and 

decompofes it f. f Id. did. 
Mr Hermftadt of Berlin had made fimilar experiments 491 

on fugar of milk at the fame time with Scheele, and with 
fimilar refults ; but he concluded that the white pow- difproVe it^ 
der which he obtained was nothing elfe than oxalat ofexiftence. 

lime with excels of acid, as indeed Scheele himfelf did 
at firft. After he became acquainted with Scheele’s 
eonclufions, he publifhed a paper in defence of his ovyn 
opinion ; but his proofs are very far from eftablifhing it, 
or even rendering its truth probable. He acknowledges 
himfelf, that he has not been able to decompofe this fup- 
pofed fait: he allows that it poflefles properties diftind - 
from the oxalic acid ; but he aferibes this difference to 

the lime which it contains ; yet all the lime which he 
could difeover in 240 grains of this fait was only 20 
grains ; and if the alkali which he employed was a car- 
bonat (as it probably was), thefe 20 muft be reduced 
to xi. Now Morveau has (hewn, that oxalic acid, con¬ 
taining the fame quantity of lime, exhibits very different 
properties. Befides, this acid, whatever it is when uni¬ 
ted with lime, is feparated by the oxalic, and muft 
therefore be different from it, as it would be abfurd to 
fuppofe that an acid could difplace itfelfj. The fac-f Morveau? 

choladic acid muft therefore be confidered as a diftind ^*9^ . 

acid, as it poffeffes peculiar properties. . p l* 
Its compounds with alkalies, earths, and metallic1* 49* 

oxides, are denominated faccholats. Itscom- 

Its affinities, according to Bergman, are as follows •: P^UIj^an(i 
Lime, 

Barytes, 
Magnefia, 
Potafs, 

Soda, 
Ammonia,- 
Alumina, 
Jargon ia § ? § Vati^uslln\ 

Metallic oxides as in fulphuric acid. Ann de .. 
Water, C^-.xxn. 
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Alcohol.- 

Se CT. XIX. Of Gallic Acid: 

208. 

493 
There is an excrefcence, known by the name of nut- 

galf which grows on fome fpecies of oaks. This fub- 
ftance contains a peculiar acid, called from that circum- 
llance gallic acid, the properties of which were firft ex¬ 
amined with attention by the commiffioners of the aca¬ 
demy of Dijon ; and the refult of their experiments 
was publifhed in 1777, in the third volume of their Ele¬ 

ments of Chemiftry. In thefe experiments, however, 
they employed the infufion of galls, in which the acid 
is combined'with the tanning principle ( m). It was 
referved for Scheele to obtain it in a ftate of purity. 

He 

(m) A fubftance lately difeovered by French chemifts, which exifts alfo in oak-bark, and every other body 
tvhich may be fubftitutea for that bark in the operation of tanning. It refembles the refins in many properties ; 
but its diftinguifhing property is that of forming with glue a compound infoluble in water. When a little of 
the decodion of glue is dropped into an infufion of nut-galls, a white curdy precipitate is inftantly feen : This 
is the tanning principle combined with glue. The name tanning principle has been applied to it, becaufe tanning, 

confifts in combining this principle withJkins, by which they are converted into leather.. 
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Me obferved, in an in full on of galls made with cold 
water, a fediment, which proved on examination to 

4p4 have a cryftalline form and an acid tafte. By letting 
Difcovery an infufion of galls remain a long time expofed to the 
of gallic a- air, and removing now and then the mouldy Hein which 

Cld* formed on its furface, a large quantity of this fediment 
was obtained ; which being edulcorated with cold wa¬ 
ter, rediftolved in hot water, filtrated, and evaporated very 

* Stockholm f]owly^ yielded an acid ialt in cryflals as fine as fand*. 

1786. 
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Dize Jour. 
de Pbyf 
Dec. 17 91. 
J Ann. de 

Ch'rn. xvii. 
8. 

There is a fhorter method of obtaining this acid in 

a ftill purer ftate than Scheele obtained it. 
Pour fulphuric ether on a quantity of powdered galls, 

and allow it to remain a few hours ; by which time it 

becomes coloured. Put this tindlure into a retort, and 

diftil off the ether with a fmall heat. The refiduum 
poffefTes the colour and brittlenefs of a refin, and has 
all the chara&ers of Rouelle’s refiduous-extradl; it does 
not attract moiflure from the atmofphere. DifTolve it 
in its own weight of water, and add fulphuric acid, 

drop by drop, till the liquor has become of a manifellly 
acid tafte. It caufes a white precipitate, which be¬ 
comes coloured, and is immediately rediffolved. At the 
end of fome hours a relinous matter will have precipi¬ 

tated. Decant off the fluid, dilute it with half its weight 
of water, filtrate and evaporate it to ^ths in a moderate 
heat ; add pure barytes till the liquor is no longer ca¬ 
pable of decompofing muiiat of barytes; then filtrate 
it again ; and on evaporation in a moderate heat fmall 

white prifmatic cryflals of gallic acid are formed on the 

^des ^ie veffcl -f. 
It appears from the experiments of DeyeuX, that the 

fubflance extracted from nut-galls by ether does not dif¬ 
fer much from the extrad by water p . Probably, then, 

the only reafon for employing ether is the fmall heat 

neceffary for evaporating it. > . 
There is ftill another method of obtaining this acid. 

Diftil nut-galls in a ftrong heat, a white fubflance fu- 
blimes, which cryftallizes in the form of needles : This 

is gallic acid. If the cryflals are impure, they may be 
purified by a fecond fublimatioo r but the heat rnuft 
not be too violent, otherwife the cryflals will melt in- 
to a brown mafs §. This procefs was difeovered by 

Scheele. 
But the moft elegant method of obtaining,gallic acid 

is that of Mr Proufl. When a folution of muriat of tin 
is poured into an infufion of nut-galls, a copious yellow 

precipitate is inftantly formed, confiftmg of the tanning 
principle, combined with the oxide of tin. After di¬ 

luting the liquid with a fufficient quantity of water to 
feparate any portion of this precipitate which the acids 
might hold in folution, the precipitate is to be fepara- 

ted by filtration. The liquid contains gallic acid, mu¬ 

riatic acid, and muriat of tin* Po feparate the tin, a 
quantity of fulphurated hydrogen gas is to be mixed 
with the liquid. Sulpliuret of oxide of tin is precipi¬ 
tated under the form of a brown powder. The liquid 
is then to be expofed for fome days to the light, cover¬ 
ed with paper, till the fuperfluous fulphurated hydrogen 
gas exhales. After this, it is to be evaporated to the 
proper degree of concentration, and put by to cool. 
Cryflals of gallic acid are depolited. Thefe are to be 
feparated by filtration, and wafhed with a little cold 
water. The evaporation of the reft of the liquid is to 

J1 Ibid. ke repeated till all the gallic acid is obtained from it||. 
sifcv. a %$. 

$ Ihil 
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The gallic acid thus obtained has a very acid tafte, 
and reddens vegetable colours. It is foluble in ij parts 
of boiling water, and in 1 2 parts of water at the tern- ^ 
perature of the atmofphere. Alcohol diffolves one- its proper- 
fourth of its weight of this acid at the temperature of tics, 

the atmofphere. When boiling hot it diffolves a quan¬ 

tity equal to its own weight. 
When placed upon burning coals, gallic acid takes 

fire, and at the fame time diffufes a very ftrong odour, 
which has fomething aromatic in it. When ftroiigly 

heated, it melts, boils, becomes black, is diflipated, and 
leaves a quantity of charcoal behind it. When diftil. 
led, a quantity of oxygen gas is difengaged, an acid li¬ 
quor is found in the receiver, with fome gallic acid not 
decompofed, and there remains in the retort a quantity 
of carbon. If what has paffed into the receiver be 
again diflilled, more oxygen gas is obtained, fome gallic 
acid ftill fublimes, and a quantity of carbon remains in 
the retort. By repeated diftillations the whole of the 
acid may be decompofed. This decompofition may be 
more eafily accomplifhed by diflilling repeatedly a folu¬ 
tion of gallic acid in water. The produ&s are oxygen 

gas, charcoal, and an acid liquor. 498 
From thefe experiments, Mr DeyeuX, who perform-lfs compofi* 

ed them, has concluded, that gallic acid is compofed oftion* 
oxygen, and a much larger proportion of carbon than 

enters into the compofition of carbonic acid. But this 
conclufion is not warranted by the analyfis ; for Mr 
Deyeux did not find that the quantity of oxygen gas 
and carbon obtained was equal to that of the gallic acid 
decompofed : and in the acid liquor which came over, 
there evidently exifted a quantity of water, which 
doubtlefs was formed during the diftillation. Scheele, 

by treating gallic acid w ith nitric acid in the ufual man¬ 
ner, converted it into oxalic acid. Now it is certain 
that oxalic acid contains hydrogen as well as carbon. 

It cannot be doubted, then, that gallic acid is compo^ 
fed of oxygen, hydrogen; and carbon, in proportions 
not yet ascertained. But Mr Deyeux has proved, that 
the quantity of carbon is very great, compared with 

that of the hydrogen. 
Gallic acid combines with alkalies, earths, and me¬ 

tallic oxides, and forms compounds knowm by the name 

of gallats. 
Its affinities have not yet been determined; but oxide 

of iron feems to have a. ftronger affinity for it than for 
any other fubftance ; for gallic acid is capable of taking 
it from every other acid. In confequence of this pm- 
perty, the infufion of galls is employed to detedl the 
prefence of iron in any liquid. As foon as it is poured 
in, if iron be prefent, a black or purple colour is pro¬ 

duced. 

Sect. XX. Of Benzoic acid. 

Benzoin or benjamin (as it is fometimes called) is a Benzoin, 

kind of refin brought from the Eaft Indies ; obtained, 
according to Dr Dryander, from the ftyrax benzoe, a 
tree which grows in the ifiand of Sumatra. This fub¬ 
ftance confifts partly of a peculiar acid, deferibed as 
long ago as 1608 by Blaife de Vigenere, in his Trea- 
tife on Fire and Salt, under the name offlowers of ben¬ 
zoin, becaufe it was obtained by fublimation. This 
acid, which is now’’ called the benzoic acid, may be fu- 

blimed from benzoin by heat; or it may be obtained by 
Scheele’s 



Part II. C H E M 
Succinic Scheele's procefs, which has been deferibed in the ar¬ 

ticle Chemistry, EncycL 
J Benzoic acid has little or none of the peculiar odour 

Properties which diftinguifhes benzoin. Its tafte is not acid, but 
of benzoic fweetifh, and very pungent *. It hardly affe&s the in- 
acid. fufion of violets ; but it reddens that of turnfole, tfpe- 

lfrM7’c[a[lY i^ that infufion be hot f. Heat volatilizes this 
thlf. Chbn. acid, and makes it give out a ftrong odour, which ex¬ 

cites coughing. When expofed to the heat of the 
blow-pipe in a filver fpoon, it melts, becomes as fluid 
as water, and evaporates without taking fire. It only 
burns when in contact with flame, and then it leaves 
no refiduum behind. When thrown upon burning coals, 

it rifes in a white fmoke. When allowed to cool alter 
being melted, it hardens, and a radiated cruft forms on 

its furface 
It fuffers no other alteration in the air than lofing 

the little of the odour of benzoin which remained to 
§ Morveaut-lt ^ 

Cold water diflblves no fenfible quantity of it ; but 
it is foluble enough in hot water: 480 grains of boil¬ 
ing water diflolve 20 grains of it ; 19 of thefe are de- 
pofited, when the water cools, in long, (lender, flat, fea¬ 

ther-like cryftals ||. 
Concentrated fulphuric acid diflblves it without heat 

or any other change except becoming fomewhat brown: 
when water is poured into the folution, the benzoic acid 
feparates and coagulates on the furface without any al¬ 
teration «|j. Nitric acid prefents precifely the fame phe¬ 
nomena, and alfo the fulphurous and nitrous acids. Nei¬ 
ther the muriatic, the oxy-muriatic, nor the phofphoric 
acids diflolve it. The acetous, formic, and fcbacic acids, 
when hot, diflolve it precifely as water does ; but it 
cryllallizes again when thefe acids cool *. 

Alcohol diflblves it copioufly, and lets it fall on the 
addition of water f. 

Little is known refpe&ing its bafe. 
It combines with alkalies, earths, and metallic oxides, 

nations andancJ forms falts known by the name of benzoats. 

Its affinities, from the experiments of Trommfdorf, 

appear to be as follows : 
White oxide of arfenic, 

Potafs, 
Soda, 
Ammonia, 
Barytes, 
Lime, 
Magnefia, 
Alumina, 

Jargonia f ? 
Water, 
Alcohol. 

Acid. 
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i. 44* 
f Lichten- 

fieirt. 

t Idem. 

| Lichten- 
jlem< 

^ Id. 

* Id. 

I Id. 

5°i 
Its combi- 

affinities. 

t Vauque- 
lln, Ann. de 

Cbim. xxii. 
S08. 

Sect. XXL Of Succinic Acid. 

5 01 
Amber. Amber is a well-known brown, tranfparent, inflam¬ 

mable body, pretty bard, and fufceptible of polifh, 
found at fome depth in the earth, and on the fea-coaft 
of feveral countries. It was in high eftimation among 
the ancients both as an ornament and a medicine.— 
When this fubftance is diftilled, a volatile fait is obtain¬ 
ed, which is mentioned by Agricola under the name of 
fait of amber; but its nature was long unknown. Boyle 

§ Boyle <7- was the firft who difeovered that it was an acid$. From 
bridged by rcc\num the Latin name of amber, this acid has recei- 

369. ved the appellation ot fuccimc acid. 

Suppl. VoLil. Parti. 
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It is obtained by the following procefsj Fill a retort Camphoric 

half way with powdered amber, and cover the powder , Actd> , 
with a quantity of dry fand ; lute on a receiver, and 

diftil in a fand-bath without employing too much heat. Method of 
There pafles over firft an infipid phlegm ; then a weak obtaining 

acid, which, according to Sclieele, is the acetous *; then 

the fuccinic acid attaches itlelf to the neck of the re- #Bergman'* 
tort ; and if the diftillation be continued, there comes x0tes on 

over at laft s thick brown oil, which has an acid tafte. Scheffer. 
The fuccinic acid is at firft mixed with a quantity of 

oil. Perhaps the beft method of purifying it is that 
recommended by Pott, to diflolve it in hot water, and 
to put upon the filter a little cotton, previoufly moif- 
tened with oil of amber ; this fubftance retains moft of 
the oil, and allows the folution to pafs clear. The 
acid is then to be cryftallized by a gentle evapora¬ 
tion. And .this procefs is to be repeated till the acid 
be quite pure. The cryftals are white, ffiining, and Us proper- 
of a foliated triangular prifmatic form: they have an^e3> 
acid tafte, but are not corrofive : they redden tinClure 
of turnfole, but have little effe& on that of violets. 

They fublime when expofed to a confiderable heat, 
but not at the heat of a water-bath. In a faiid-bath. 
they melt, and then fublime and condenfe in the upper 
part of the veflel ; but the coal which remains fhews 
that they are partly decompofed f. \ p0tt. 

One part of this acid diflblves in 96 parts of water at 
the temperature of 50°, according to Spielman J, in 241/^ Chem. 

parts at the temperature of 5 2°, and in 2 parts of water at} xii. 
the temperature of 21 2°, according to Stockar de Neu- 

forn$ ; but the greateft part cryftallizes as the water § De SuccL 

cools. According to Roux, however, it ilill retains more«o. 

of the acid than cold water is capable of diflblving ||. y Morx>eau% 
240 grains of boiling alcohol diflolve 17 7 of this acid; Ibid. p. 72. 

but cryftals again fhoot as the folution cools^ Wenzel. 

The combinations of this acid are called fuccinats. _ 5°5 
Its component parts are dill unknown. 
Its affinities, according to Morveau, are as follows : 

Barytes, 
Lime, 
Potafs, 
Soda, 
Ammonia, 
Magnefia, 
Alumina, 
Jargonia * ? 

Metallic oxides as in fulphuric acid\ 
Water, 
Alcohol. 

Sect. XXII. Of Camphoric Acid. 

Camphor is a well-known white cryftalline fubftance,Camphor, 
of a ftrong tafte and fmell, obtained from a fpecies of 
laurel in the Eaft Indies; and Mr Prouft has fhewn 
that feveral volatile oils contain a confiderable quantity 

of itf. It is fo volatile, that it cannot be melted inf Ann. d* 

open veflels, and fo inflammable that it burns even on Chlm. iv. 
the furface of water. 179« 

When camphor is fet on fire in contaft with oxygen 

gas, it burns with a very brilliant flame ; much caloric 
is difengaged, water is formed, the inner furface of the 

veflel is covered with a black matter, which is undoubt¬ 
edly carbon, and a quantity of carbonic acid gas is alfo 

produced Hence it follows, that it is compofed oi\LaGranget 
hydrogen and carbon, at leaft principally, xxiiL 

T t If^3- 

Combina¬ 
tions and 
affinities. 

* Vauque* 

lint Ann de 

Chim. xxii. 
208. 
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If one part of camphor and fix paits of pulverifed 

clay be mixed together, by means of alcohpl, in a mor¬ 
tar, the mixture made up into balls, and when dry put 
into a retort, and diftilled by a moderate heat—a quan- 
tity'of oil comes over, and there remains in the retort 
a black fubilance, which confifts of the clay intimately 

mixed with a quantity of carbon. If the fire be not 
cautioufly managed, a quantity of camphor alfo fub- 
limes. By this procefs camphor is decompounded, and 

feparated into oil and carbon. 

122,248 parts of camphor 

produced 45*^56 Par^s 
30,571 of carbon. 

Suberic 
Acid. 

and 

Total 76,427 

Lofs 45,821 
Carbonated hydrogen gas 

Ann.de alio formed . r 1- 
Ckirn. rxiii. The oil obtained has the following properties. 
153. Jt has a fharp cauftic tafte, and leaves upon 

5°7 tongue a fenfe of coldnefs. It has an aromatic odour, 
Ou 01 cam- t> , . , 
ph or. 

and carbonic acid were 

the 5io 

approaching to that of thyme or rofemary. Its colour 

is a golden yellow. # 
When expofed to the air, it partly evaporates, and 

there remains a thick brown matter with a fharp bit- 

terifh tafte, which at laft alfo evaporates. 
With alkalies, it forms a foap, which poiielles all the 

charaaers of foaps made with volatile oils. 
Alcohol diffolves it entirely ; and when water is add¬ 

ed to the folution it becomes milky, bpt no precipitate 

\lbid. 159- is produced f. , 
Thefe properties fhew that this is a volatile oil, and 

confequently it is probable that camphor is compofed 

of volatile oil and carbon. 
„ 5°1 • Mr Kofemarten, by diftillmg nitric acid off camphor 
CamPhor,c times fucceffively, obtained an acid in cryftalsj, to 

J Kofegar- whicli the name of camphoric acid has been given. 
His experiments have been repeated by Mr Bouillon 

La Grange. He mixed together 122,284 parts of cam¬ 
phor with 489,136 parts of nitric acid of the fpecifk 
r • j jinnu Much nitrous and car- 

and part of the cam- 

ten^ de Cam~ 
phora^ &C. 

*7,85- 

gravity 1,33^ diftilled them, 
borne acid gas were difengaged _ 
phor was fublimed ; but part was converted into an 
acid He returned the fublimed camphor into the re¬ 
tort'poured on it the fame quantity of nitric acid as at 

firft, and diftilled again. This procefs lie repeated till 
the whole camphor was acidified §. The quantity of 
camphoric acid obtained amounted 1053,498. ihe 
quantity of nitric acid was 2114,538. 

Camphoric acid thus obtained is in fnow-white cry- 

ftals, of the form of parallelopipedons|| . 
Thefe cryflals efBorefce in the air f . 

Camphoric acid has a flightly acid bitter tafte, and 

fmell like that of faffron. 
It reddens vegetable colours. 
It is foluble in 200 parts of cold water, according to 

Kofegarten : in 96 parts of water at the temperature 
of 6o°, according to La Grange. Boiling, water dil- 

folvesAth of its weight *. ........ . , , 
According to Kofegarten, it is infoluble in alcohol; 

according to La Grange, alcohol diffolves it, and when 
the folution is left in conta61 with the air of the atmo- 
fphere, the acid cryftaMizes. It is not precipitated from 

La Gra*g'’ ^s folution in alcohol by the addition of water ^ 

Cbim. xxvii. When this acid is placed on ignited coals, it emits a 
40 

<J Ann. de 
Cbim. ibid. 

509 
Its proper¬ 
ties. 
ii bCofegar- 
itn. 
? La Grange. 

* K°f<gar~ 
itn. 

X’Bouillon 
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denfe aromatic fume, and is entirely diflipated. By a 
gentler heat, it melts, and is fublimed. If it be put 
into a heated porcelain tube, and oxygen gas be paffed 
through it, the acid does not undergo any change, but 

is fublimed. 
By mere diftillation, it firft melts and then fublimes ; 

by which procefs its properties are in fome refpeft 
changed. It no longer reddens the tin&ure of turnfole, 

but acquires a brifk aromatic fmell; its tafte becomes 
lefs penetrating, and it is no longer foluble either in 

water or the fulphuric and rjnuriatic acids. Heated ni¬ 
tric acid turns it yellow and diffolves it. Alcohol like- 
wife diffolves it ; and if this folution be left in contaft 
with the air of the atmofphere, it cryftallizes. 

Camphoric acid does not produce any change in ful- 
phur ; alcohol and the mineral acids totally diffolve it; 

and fo likewife do the volatile and the fat oils. 
Camphoric acid does not precipitate lime from lime- 

water. It produces no change on the folution of indi¬ 

go in fulphuric acid. 
It forms combinations with the alkalies, earths, and Its combi- 

metallic oxides, which are called camphorats. affin°itfesD 
Its affinities, as far as afeertained by La Grange, are * 

as follows * 1 c&Mfcrxvih 
Lime, 21. 

Potafs, 
Soda, 
Barytes, 
Ammonia, 
Alumina, 
Magnefia. 

Sect. XXIII. Of Suberic Acid. 

Cork, a fubftance too well known to require anyp^overy 
defeription, is the bark of a tree which bears the fame of fuberic 
name. By means of nitric acid, Brugnatelli converteda<dd. 

it into an acid f, which has been called the fuberic acid,\ Crell's 
from Suber, the Latin name of the cork-tree. Several Annals^ 

chemifts affirmed that this acid was the oxalic, becaufe^87* 
it poffeffed feveral properties in common with it. Thefe 
affertions induced Bouillon la Grange to undertake a fet 
of experiments on fuberic acid. Thefe experiments, 
which have been publifhed in the 23d volume of the 
Annales de Chlmley completely eftabliffi the peculiar na¬ 
ture of fuberic acid, by lhewing that it poffeffes proper¬ 
ties different from thofe of every other acid. 

To prepare it, a quantity of found cork grated down Method of 
fmall is to be put into a retort, fix times its weight ot preparing 
nitric acid of the fpecific gravity 1,261 poured upon h. 
it, arid the mixture diftilled by means of a gentle heat. 
Red vapours are immediately difeharged; the cork fwells 
up and becomes yellow, and as the diftillation advances, , 

it finks to the bottom, and its furface remains frothy. 
If that froth does not form properly, it is a proof that 
fome part of the cork has efcaped the a&ion of the acid. 
In that cafe, after the diftillation is pretty far .advanced, 
the acid, which has paxTed into the receiver is to be 
poured^ back into the retort, and the diftillation conti¬ 
nued till no more red vapours can be perceived ; and 
then the retort is to be immediately taken out of the 
fand-bath, otherwife its contents would become black 

and adhere to it. While the matter contained in the 

retort is hot, it is to be poured into a glafs veffel, pla¬ 
ced upon a fand-bath over a gentle fire, and conftantly 

ftirred with a glafs rod. By this means it becomes 
gradually 



Acid. 
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Suberic gradually thick. As foon as white vapours, exciting 

a tickling in the throat, begin to difengage themfelves, 
the vefTei is removed from the bath, and the mafs con¬ 
tinually flirred till it is almolt cold. 

By this means an orange-coloured mafs is obtained 
of the confidence of honey, of a llrong and fharp odour 

while hot, but having a peculiar aromatic fmell when 
cold. 

On this mafs twice its weight of boiling water is to 
be poured, and heat applied till it becomes liquid ; and 
then that part of it which is infoluble in water is to be 
feparated by filtration (n). The filtered liquor be¬ 
comes muddy ; on cooling it depofites a powdery fedi- 
ment, and a thin pellicle forms on its furface. The fe- 
diment is to be feparated by filtration, and the liquor 
reduced to a dry mafs by evaporating in a gentle heat. 

This mafs is fuberic acid. It is ftiil a little coloured, 
owing to fome accidental mixture, from which it may 
be purified either by faturating it with potafs and pre¬ 
cipitating it by means of an acid, or by boiling it along 
with charcoal powder. 

Suberic acid thus obtained is not cryftallizable, but 
when precipitated from potafs by an acid, it afiumes the 
form of a powder; when obtained by evaporation it 
forms thin irregular pellicles. 

Its tafle is acid and fiightly bitter ; and when diffol- 
ved in a fmall quantity ot boiling water it ads upon the 
throat, and excites coughing. 

It reddens vegetable blues ; and when dropped into 
a folution of indigo in fulphuric acid (liquid blue, as it 
is called in this country), it changes the colour of the 
folution, and renders it green. 

Water at the temperature of 6o° or even yo° diflblves 

5i3 
Its proper¬ 
ties. 
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only- part of its weight of fuberic acid, and if the Acid. 
57.6 _ '-r—* 

acid be very pure, only T^th part : boiling water, on 

the contrary, difiolves half its weight of it. 
When expofed to tf.e air, it attracts moiflure, efpe- 

cially if it be impure. 
When expofed to the light of day, it becomes at laft 

brown ; and this effed is produced much fooner by the 
direct rays of the fun. 

When heated in a matrafs, the acid fublimes, and the 
infide of the glafs is furrounded with zones of different 
colours. If the fublimation be flopped at the proper 
time, the acid is obtained on the fides of the veffel in 
fmall points formed of concentric circles. When ex¬ 
pofed to the heat of the blow-pipe on a fpoon of pla¬ 
tinum, it firfl melts, then becomes pulverulent, and at 
laft fublimes entirely with a fmell refembling that of fe- 
bacic acid (o). 

It is not altered by oxygen gas :—the other acids do 
not diffolve it completely. Alcohol developes an aro¬ 
matic odour, and an ether may be obtained by means 
of this acid. 

It converts the blue colour of nitrat of copper to a 
green ; the fulphat of copper alfo to a geen; green ful- 
phat of iron to a deep yellow ; and fulphat of zinc to 
a golden yellow (p). 

It has no adion either on-platinum, gold, or nickel; Its a&ion 

but it oxidates filver, mercury, copper, lead, tin, iron, 
bifmuth, arfenic, cobalt, zinc, antimony, manganefe, and ° 
molybdenum. 

With alkalies, earths, and metallic oxides, it forms 
compounds known by the name of fuberats. 

Its affinities are as follows (q_) : Itsfihmtici 
T t 2 Barytes, 

(n) When this fubftance is put into a matrafs, water poured on it, and heat applied, it melts ; and when the 
veffel is taken from the fire and allowed to cool, one part of it, which is of the confiflence of wax, fwims on the 
furface of the water, and another part precipitates to the bottom of the veffel, and affumes the appearance of a 
whitifh magma. When this magma is feparated by filtration, and wafhed and dried, a white taflelefs powder is 
obtained, mixed with ligneous threads, foluble in acids and alkalies. 

(o) An acid which fhall be afterwards deferibed. 

(p) Owing perhaps to the prefence of a little iron in the fulphat. 

(O The place which the fuberic acid occupies in the affinities of the alkalies, earths, and metallic oxides, as 
far as this fubjed has been invefligated by Bouillon La Grange, will appear by the following Tables; 

Potass. Soda. Barytes. Lime. 

Sulphuric acid, 
Nitric, 
Muriatic, 
Suberic. 

Sulphuric acid. 
Nitric, 
Muriatic, 
Suberic. 

Alumina. Oxide of Tin. 

Sulphuric acid, 
# * * 

Oxalic, 

Suberic. 

Oxide of Mercury. 

Sebacic acid, 
* * * 

Nitric, 

Suberic. 

* * * 

Muriatic, 
Suberic. 

Oxide of Lead. 

* * * 

Muriatic, 
Suberic. 

Sulphuric acid. 
Oxalic, 
* * * 

Muriatic, 
Suberic. 

Oxide of Silver. 

Muriatic, 
# * * 

Sulphuric, 
Suberic. 

Oxalic acid. 
Sulphuric, 
* * * 

Muriatic, 
Suberic. 

Magnesia as lime. 

Oxide of Molybdenum, 

Suberic acid. * 

Oxide of Antimony. 

Oxide of Copper. 

* # #• 

Sulphuric, 
Suberic. 

* * * 

Muriatic, 
Suberic, * 

Manganese the fame, 

Oxide 
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Barytes, 
Potafs, 
Soda, 
Lime, 
Ammonia, 
Magnefia, 
Alumina *. 

Mr Bouillon La Grange, to whom we are indebted 

for all the fads relative to this acid, fuppofes that it is 

Itscompofi-compofed of oxygen, hydrogen, and carbon but Mr 
tion. Jamefon, in confequence of the refult of a feries of ex¬ 

periments which he made on charcoal, has been led to 

fufped that it confifts entirely of carbon and oxygen. 
He found, that by the adlion of nitric acid upon char¬ 
coal, a brown, bitter, deliquefcent mafs was formed, 
foluble in water, alcohol, and alkalies, and which emit¬ 
ted, particularly when heated, a very fragrant odour. 
This matter was more or lefs foluble in water according 

to the time that it had been expofed to the adion of 
the acid. When the nitric acid ufed was concentrated, 
and confiderable in quantity, part of the charcoal was 

converted into an acid, which poffeffed the charaders 

of the fuberic f. 
Thefe fads are curious, and may extend our know 

I.accic 
Acid. 

4 yamefon s 

M ineralogy x iicic lacis ait cuuuus, auu. iuay tAiuiu vui ivnwv>- 

and Arran, ledge of the nature of vegetable acids, but they are in- 

p. 167. 

,5T7 
thfcovery 
of white 
lac. 

fufficient to prove the abfence of hydrogen in fuberic 
acid, becaufe charcoal cannot eafily be procured perfed- 
ly free from hydrogen, and becaufe feveral of the pro¬ 
perties of fuberic acid indicate the prefence of hydrogen 
in it, its becoming brown, for in fiance, when expofed 
to the light. Mr Jamefon has obferved, that the acid 

which exifls ready formed in peat poffeffes the proper¬ 

ties of fuberic acid. 

Sect. XXIV. Of Lac etc Acid. 

About the year 1786, Dr Anderfon of Madras men¬ 

tioned, in a letter to the governor and council of that 
place, that nefls of infeds, refembling fmall cowry fhells, 
had been brought to him from the woods by the na¬ 
tives, who eat them with avidity* Thefe fuppofed nefls 
he foon afterwards difeoveredto be the coverings of the 
females of an undeferibed fpecies of coccus, which he 
fhortly found means to propagate with great facility on 
feveral of the trees and fhrubs growing in his neigh¬ 

bourhood (r). 

On examining this fubftance, which he called white 
lac, he obferved in it a very confiderable refemblance 

to bees wax ; he noticed alfo, that the animal which 
fecretes it provides itfclf by fome means or other with 
a fmall quantity of honey, refembling that produced by 

our bees j and in one of his letters he complains, that 
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the children whom he employed to gather it were 
tempted by its fweetnefs to eat fo much of it as mate-, 
rially to reduce the produce of his crop. Small quan¬ 
tities of this matter were lent into Europe in 1789, 
both in its natural flate and melted into cakes ; and in 
1793 Dr Pearfon, at the requefl of Sir Jofeph Banks, 
undertook a chemical examination of its qualities, and 

his experiments were publifhed in the Philofophical 

Tranfadlions for 1794. . 5Ig 
A piece of white lac, from 3 to 15 grains in weight, jts analytic 

is probably produced by each infedl. Thefe pieces are 
of a grey colour, opaque, rough, and roundifh. When 
white lac was purified by being drained through muf- 

lin, it was of a brown colour, brittle, hard, and had a 
bitterifh tafte. It melted in alcohol, and in water of 
the temperature of 1450. In many of its properties it 
refembles bees wax, though it differs in others ; and 
Dr Pearfon fuppofes that both fubftances are compofed 
of the fame ingredients, but in different proportions. 

Two thoufand grains of white lac were expofed in 
fuch a degree of heat as was juft fufficient to melt 
them. As they grew foft and fluid, there oozed out 
550 grains of a reddifh watery liquid, which fmelled 
like newly baken bread (s). To this liquid Dr Pearfon 
lias given the name of lacctc acid*. * PearfonV 

It poffeffes the following properties : ^Chemical 
It turns paper ftained with turnfole to a red colour. ^6menjam 
After being filtered, it has a (lightly faltiffi tafte wither*, 

bitternefs, but is not at all four. 519 . 
When heated, it fmells precifely like newly baken 

bread. # acid* 
On {landing, it grows fomewhat turbid, and depo- 

fites a fmall quantity of fediment. 
Its fpecifie gravity at the temperature of 6o° is 

1,025. 
A little of it having been evaporated till it grew very 

turbid, afforded on {landing fmall needle-ffiaped cryftals 

in mucilaginous matter. 
Two hundred and fifty grains of it were poured into a 

very fmall retort and diftilled. As the liquor grew warm, 
mucilage-like clouds appeared ; but as the heat increa- 
fed they difappeared again. At the temperature of 
200°, the liquor diftilled over very faft : A fmall quan¬ 
tity of extractive matter remained behind. The diftil¬ 
led liquor while hot fmelled like newly baken bread, and 
was perfedlly tranfparent and yellowiffi. A fhred of 
paper ftained with turnfole, which had been put into 
the receiver, was not reddened ; nor did another which 
had been immerfed in a folution of fulphat of iron, and. 
alfo placed in the receiver, turn to a blue colour upon; 

being moiftened with the folution of potafs (t). 

About 

Oxide or Iron. Oxide or Bismuth. Oxide of Arsenic. 

* * * * * * * * * 
Sulphuric, Muriatic,. Nitric acid, 
Suberic. Suberic. . Suberic. 
Cobalt and Zinc the fame with arfenic. „ 

(r) The Chinefe colled! a kind of wax, which they call pe-1a> from a coccus, depofited for the purpole ot 

breeding on feveral fhrubs, and manage it exadly as the Mexicans manage the cochineal infed. It was the 

knowledge of this that induced Dr Anderfon to attempt to propagate his infedl. 
(s) The fame liquid appears on preffing the crude lac between the fingers; and we are told, that when newly- 

gathered it is replete with juice. ^ 

(t) ,A proof that the acid was not the pruffic. 
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About one hundred grains of this diftilled liquid be¬ 

ing evaporated till it grew turbid, after being fet by 
for a night, afforded acicular cryftals, which under a 
lens appeared in a group not unlike the umbel of parf- 
ley. The whole of them did not amount to the quar¬ 

ter of a grain. They tailed only bittenfh. 
Another ioo grains being evaporated to drynefs in 

a very low temperature, a blackifh matter was left be¬ 
hind, which did not entirely difappear on heating the 
fpoon containing it very hot in the naked fire ; but on 
heating oxalic acid to a much lefs degree, it evaporated 

and left not a trace behind. 
Carbonat of lime diffolved in this diftilled liquid with 

effervefcence. The folution tatted bitterifh, did not 

turn paper ftained with turnfole red, and on adding to-' 
it carbonat of potafs a copious precipitation enfued. 

A little of this folution of lime and of alkali being eva¬ 
porated to drynefs, and the refiduum made red hot, no¬ 
thing remained but carbonat of lime and carbonat of 

potafs. . 
This liquid did not render nitrat of lime turbid, but 

it produced turbjdnefs in nitrat and muriat of barytes. 
To five hundred grains of the reddifh-coloured liquor 

obtained by melting white lac, carbonat of foda was 
added till the effervefcence ceafed, and the mixture was 
:neutralifed ; for which purpofe three grains of the car¬ 
bonat were neceffary. During this combination a quan¬ 
tity of mucilaginous matter, with a little carbonat of 
lime, was precipitated. The faturated folution being 
filtrated and evaporated to the due degree, afforded on 
ftanding deliquefcent cryftals, which on expofure to fire 

left only a refiduum of carbonat of foda. 
Lime-water being added to this reddifh-coloured li¬ 

quor produced a light purple turbid appearance; and 

on (landing there were clouds juft perceptible^ 
Sulphuret of lime occafioned a white precipitation, 

but no fulphurated hydrogen gas was perceptible by the 

fmell. 
Tindlure of galls produced a green.precipitation. 
Sulphat of iron produced a purplifh colour, but no 

precipitation ; nor was any precipitate formed by the 
addition firtt of a little vinegar, and then of a little pot¬ 

afs, to the mixture. 
Acetite of lead occafioned a reddifh precipitation, 

which re diffolved on adding a little nitric acid. 
Nitrat of mercury produced a whitifh turbid liquor. 
Oxalic acid produced immediately the precipitation 

of white acicular cryftals, owing probably to the pre¬ 

fence of a little lime in the liquid. 
Tartrite of potafs produced a precipitation not un¬ 

like what takes place on adding tartarous acid to tar¬ 
trite of potafs (u) ; but it did not diffolve again on 

adding potafs. 
Such were the properties of this acid difcovered by 

Dr Pearfon. Its deftru&ibility by fire, and its afford¬ 
ing carbon, diftinguifh it from all the acids defcribed 
in this article before the acetous ; and its peculiar fmell 
when heated, its precipitating tartrite of potafs with¬ 
out forming tartar, its bitterifh tafte, and its beingcon- 
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verted into vapour at the temperature of 200°, diftin- Pyn-mu- 

guifh it from all the acids hitherto examined * 

Sect. XXV. Of Pyromucous Acid. 

1-v—* 
* Phil. 
Tranf.17Mt 

Pyromucous (v) acid is procured by diftilling fugarp.383. 

or any of the fvveet juices. As they foam very much, Me:hodof 
the retort fhould be large, and feven-eighths of it empty, obtaining 

A prodigious quantity of carbonic acid and carbonated pyromu- 
liydrogen gas is difengaged : A very thin light coal re-cous acid, 

mains behind in the retort. Morveau found the glafs 
of the retort attacked. The quantity of fugar diftilled 

was 2304 grains; the coal weighed 982 grains. I here 
were 428 grains of a brown liquor in the receiver, con. 
fitting moftly of an acid phlegm. T. his rediftilled gave 
313 grains of a liquor almoft limpid, the fpecific gra¬ 
vity of which was 1,0115 at the temperature of 770. 
It reddened blue paper. This acid may be concentra¬ 
ted by freezing, or by combining it with fome bafe, 
potafs, for inftanee, and decompofing the compound by 

a ftrouger acid, as, for example, the fulphuric. . jai 
It .has a very {harp tafte. When expofed to heat mitspr0pCr® 

openveffels, it evaporates, leaving a brown fpot. Dif-ties, 

tilled in clofe veffels, it leaves charcoal behind it. 
It does not diffolve gold as Schrickel and Lemery 

and feveral other chemills affirmed. 
It does not attack filver nor mercury, nor even their 

oxides f. It corrodes lead, and forms flyptic and long \ Sab rich!. 

cryftals. Copper forms with it a green folution : With 

iron it forms green cryftals; with antimony and zinc 

greenifh folutions. # 52* 
The compounds which it forms are called pyromu cites. Combinz- 

Its affinities, according to Morveau, are as follows : 

Fotafs, 
Soda, 
B ary tea, 
Lime, 
Magnefia, 
Ammonia, 

Alumina, 
Jargonia £. } Vauqudiny 
Metallic oxides as in fulph. acid9 Ann. de 

Water, Cbim.xs. ii. 

Alcohol. 8' 

Sect. XXVI. Of Pyrodignous Acid. 

It is well known that the fmoke of burning wood is Method o£ 
exceedingly often five to the eyes: And cheinifts have obtaining 

lontr aeo obferved, that an acid might be obtained byPyr0“1,£“ 

diftilling wood. . n“J‘ 
It is to Mr Goettling, however, and to the Dijon 

academicians, who repeated his experiment, that we Are 
indebted for what knowledge we poffefs of the peculiar 
properties of this acid, which, becaufe it is obtained 
from wood by means of fire, has been called the pyro- 
lignous acid (w). It appears to be the fame from what 
ever kind of wood it is obtained. 

Mr Goettling filled an iron retort with pieces of 

birch tree bark, and obtained by diftillation a thick, 
brown, very empyreumatic acid liquor. This liquor he, 

allowed 

(u) On this addition, tartar, or acidulated tartrite of potafs, is formed, which precipitates, becaufe it is very/ 

little foluble in water. The addition of potafs difiblves it again. 
(v) Morveau called this acid fyrupous acid. 

(w) Goettling called it ligneous acid. 
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Pyro-Ug- allowed to remain at reft for three months, and then fe- 
nous Acid, paratec] from it a quantity of oil which had rifen to the 

top. Bv diftilling this liquor again, and then fatura- 
ting it with potafs, and evaporating to drynefs, he ob¬ 
tained a brown faline trials ; which, by being rediffol- 
ved in water, and evaporated, yielded greyifh white cry- 

ftals: Thefe cryftals were compofed of pyro-lignous 
acid and potafs. He poured upon them, by little and 
little, a quantity of fulphuric acid ; and by applying a 
gentle heat, the pyro-lignous acid came over in confider- 
able purity *. 

The Dijon academicians obtained this acid from 
beech wood : by diftilling 55 ounces, they procured 
17 ounces of acid ; which, when re&ified by a fecond 

524 diftillation, was of the fpecific gravity 1,02083. 
It* proper- ft reddens vegetable colours: when expofed to a 

•nations^and ^ron£ ^eat» takes fire and is deftroyed. It unites 
affinities. ver)r vveh with alcohol. 

Its compounds are called pyrodignites, 

Its affinities, as fixed by Mr Eloy Bourfier de Cler- 
vaux and Mr de Morveau, are as follows : 

Lime, 
Barytes, 
Potafs, 
Soda, 
Magnefia, 
Ammonia, 
Oxide of zinc# 

. manganefe. 
-iron, 

-lead, 
-tin, 

-cobalt, 
-copper, 
-nickel, 

-arfenic, 

-bifmuth, 
-mercury, 

-antimony., 
-filver, 
-— gold, 

platinum, 

3 Vauque- 
lirty Ann, de 

Chim, xxii. 
ao8. 

T> 525 . Properties 
of pyro-tar- 
tarous acid. 
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they are obtained from vegetable fubflances. We have Vegetable 
placed the ladtic and facchola&ic acids in the fame clafs; Acicl;i< 
beeaufe they bear a ftrong refemblance to vegetable v 
acids, and beeaufe they are evidently compofed of the 
fame ingredients with them. 

Vegetable acids are diflinguifhed from all the acids 
deferibed in the beginning of this chapter, by their de- by fire, 
ftruftibility by fire. 52§ 

There is no circumftance in chemiftry which has at- Comert- 

tra&ed greater attention than the poffibility of convert- int0 
ing the various vegetable acids into each other by means each otIlcr» 
of different proceffes. To explain what paffes during 
thefe proceffes, it would be neceffary to know exadtly 

the component parts of every vegetable acid, the man¬ 
ner in which thefe acids are combined, and the affinities 
which exift between each of their ingredients. This, 
however, is very far from being the cafe at prefent. 
Though a vail number of experiments have been made 
on purpofe to throw light on this very point, the diffi¬ 
culties which were to be encountered have been fo great, 
that no accurate refults have yet been obtained. 

It follows from thefe experiments, that all the vege- Inquiry in- 
table acids are compofed, chiefly at leaft, of oxygen, hy-t0 Pro* 

drogen, and carbon; but that the proportions differ in fhefr^re. 
every individual acid. We fay chiefly, beeaufe it has^ients. “ 
been fufpedfed from fome phenomena, that one or two 
of thefe acids contain befides a little azot. Let us take 
a view of what is at prefent known of the compofition 
of thefe acids in their order. 

1. As to carbonic acid, its compofition has been as¬ 
certained with tolerable accuracy ; it confifls of about 
28 parts of carbon and 72 of oxygen. 

2. By diftilling 7680 grains of acetite of potafs, Dr 
Higgens obtained the following produ&s * ; * Higgens on 

386^,994 grains. 
1473,564 
1047,6018 

78,0000 
iSOjOOOO 

340,0000 
726,9402 

Alumina, 
Jargonia f ? 

Sect. XXVII. Of Pyro-tartarous Acid. 

An acid may alfo be obtained by diftilling tartar ; it 

is called pyro-tartarous acid,. 
It has an empyreumatic tafte and odour ; reddens the 

tindlure of turnfolc; but has no effedl on that of violets. 
Little is known concerning this acid, except that 

many of its properties are the fame with thofe of the 
pyro-lignous.; and Morveau conjectures that, if pro¬ 
perly purified, it would probably be difeovered to be 
the fame with it. 

The compounds which it forms are called «pyro-tar- 
t rites. 

Its affinities are unknown. Morveau fuppofes that 
they are the fame with thofe of the pyro-lignous acid. 

5%6 
Vegetable The 18 preceding acids are all (except the laClic 
•acids, .and facchola&ic) denominated vegetable acids, beeaufe 

Potafs, 
Carbonic acid gas, 
Carbonated hydrogen gas, 
Refiduum, confifting of carbon, 
on,. 
Water, - 
Deficiency (x), 
This deficiency Dr Higgens found to be owing to 

a quantity of water and oil which is carried off by the 

elaftic fluids, and afterwards depofited by them. He 
calculated it, in the prefent cafe, at 700 grains of wa¬ 
ter and 26,9402 grains of oil. Now, fince acetite of 
potafs is compofed of acetous acid and potafs, and fince 
the whole of the potafs remained unaltered, it follows 
that the acetous acid was converted into carbonic acid 
gas, carbonated hydrogen gas, carbon, oil, and water ; 

all of which are compofed of oxygen, hydrogen, and 
carbon. 

Now 1473,564 gr. of carbonic acid gas are compofed 
of 1060,966 gr. of oxygen, and 415,598 gr. of carbon. 

1047,6018 grains of carbonated hydrogen gas, from 
a comparifon of the experiments of Dr Higgens and 
Lavoifier, may be fuppofed to confift of about 714,6008 
grains of carbon, and 333,0010 of hydrogen. 

200,9402 grains of oil contain 163,4828 grains of 
carbon and 43,4574 grains of hydrogen. 

1040 grains of water contain 884 grains of oxygen 

and 156 grains of hydrogen. 
Therefore 

(x) For 29,1 grains of oxygen gas had alfo difappeared from the air of the veffels. 
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Vegetable Therefore 3817,006 grains of acetous acid are com- 

pofed of 1944,966 — 29,1 = 1915,866 grains of 
oxygen, 532,4584 grains of hydrogen, and 1^68,6816 

grains of carbon. Consequently 100 parts of acetous 

acid are compofed of 
50,19 oxygen, 
13,94 hydrogen, 

35,87 carbon. 

100,00 
Thefe numbers can only be confidered as approxima¬ 

tions to the truth ; for the objeCt of Dr Higgens was 
not to afcertain the proportions of the ingredients which 
compofe acetous acid; and therefore his experiments 
were not condu&ed with that rigid accuracy which 

would have been neceffary for that purpofe. 
It is extremely probable, that during the acetous 

fermentation, or the converfion of alcohol into acetous 

*H*myW/,acid, a quantity of water is formed* ; and it is certain 
Cre'l's An- that oxygen is abforbed. It follows from this that 
*aht 1786. acetous acid contains more carbon and lefs hydrogen 

than alcohol. Now we have reafon, from Lavcifier’s 

experiments, to believe that alcohol is formed of 
51,72 oxygen, 
18,40 hydrogen, 
29,88 carbon. 

Lavoifier fuppofes that this acid contains alfo azot, 
3. Acetic acid is fuppofed to confift of the fame 

bale with acetous acid, combined with a larger propor¬ 
tion of oxygen ; we would rather fay, that it is ace¬ 
tous acid combined with oxygen. 

4. When oxalic acid is diftilled with fix times its 
weight of fulphuric acid, the produ&s are acetous acid, 

fulphurous acid, carbonic acid'gas; and fulphuric acid 
remains in the retort f. Hence it follows, that oxalic 
acid contains more carbon than acetous acid ; but that 

1785. it is compofed of the fame ingredients. It has been 
fuppofed that oxalic acid is compofed of fugar and oxy- 

t Crtll, 

jfour. de 

gen. 
of 

Now fugar, according to Davoifier, is compofed 

Hydrogen, - 8 
Oxygen, - - - - 64 
Carbon, 28 

Thefe proportions are rather unfavourable to that 
notion ; at lead if any dependence can be put in the 
compofition of acetous acid as deduced from the expe¬ 

riments of Dr Higgens. 
5. Hermftadt dilfolved four ounces of tartarous acid 

in 16 ounces of water, and kept the folution in a veffel 
covered with paper in a warm place. Tn three months 
the tafte of the folution- was changed, and the air in the 
upper part of the veffel was found to be carbonic acid. 
In fix months the folution was converted into acetous 
acid. It follows, from this- experiment, that tartarous 
acid contains more carbon than acetous acid, and that 

their ingredients are the fame. If any doubts fhould 
remain, the following experiment is fufficient to remove 
them. Weftrum mixed ftrong fulphuric acid with tar¬ 
tarous acid, and added manganefe ; acetous acid was 
produced, and a great quantity of carbonic acid gas 
was difengaged. When nitric acid is diflilled off tar¬ 

tarous acid, it is converted into oxalic acid, as Scheele 
firft proved. Hence it has been .fuppofed by fome, 
that oxalic acid differs from tartarous merely in contain¬ 

ing more oxygen ; but this is very far indeed from be- 
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ing proved. According to HafTenfratz, tartarous acid 

contains a confiderable quantity of azot. . # ^ .* f 
6. When citrat of lime is allowed to remain in a 

bottle {lightly corked along with a little alcohol, the 
citric acid is gradually converted into acetous acid *. * Stahl* 

Weftrum converted it into oxalic acid by means of ni¬ 

tric acid. 
7. Malic acid was converted into oxalic by means of 

nitric acid by Schcele. It has been fuppofed to con¬ 
tain more oxygen than oxalic acid. Some of it is al¬ 
ways formed during the common procefs of converting 
fugar into oxalic acid. Were we to judge from an ex¬ 
periment, which, however, was not performed with 

fufficient accuracy, we would conclude that the bafe of 
malic acid is gum ; for by diftilling two parts of weak 
nitric acid off one part of gum in a very fmall heat, we 
obtained a quantity of acid more in weight than the 
gum, which exhibited feveral of the diftinguilhing pro¬ 
perties of malic acid. It was exceedingly light, white,, 
and fpongy, and attra&ed water very quickly from the 
atmofphere, and could not afterwards be brought by 

evaporation to its former ftate. 
8. Scheele converted la&ic acid into acetous by mere 

expofure to the atmofphere, and found that a quan¬ 
tity of carbonic acid was difengaged. Hence this acid 
is merely the acetous with a fmaller proportion of car¬ 

bon. 
9. The gallic acid, we have feen, contains more car¬ 

bon than any of the others. 
10. Nothing is known concerning the compofition 01 

the benzoic and fuccinic acids. Hermftadt fays he 
converted benzoic acid to oxalic by means of nitric acid ; - 
but Morveau did not obferve that any change was pro¬ 

duced. 
11. The bafe of camphoric is probably camphor. 
Though thefe eighteen are the only acids which have 

hitherto been examined with attention, it cannot be 
doubted that the number of vegetable acids, either ex- 
ifting naturally, or at leaft.capable of being formed by 
art, is confiderably greater. Morveau has lately afeer- 
tained, that the red colours of flowers are owing to 
acids : This had already been conjectured by Linnaeus, 

Sect. XXVIII. Of Pruffc Acid.U 
$ 30 

About the beginning of the prefent century, Dief-Difcovery- 
bach, a chemift of Berlin, wiffing to precipitate a folu-of Prufliart- 
tion of cochineal mixed with a little alum and fulphat^ue* 
of iron, borrowed from Dippel fome potafs, from which 
that chemift had diftilled feveral times his animal oil. 
On pouring in the potafs, Diefbach was furprifed to fee, 
in Head of the red precipitate which he had expeCted, a 
beautiful blue powder falling to the bottom of the veffel. 
By reflecting on the materials which he had employed,, 
he eafily difeovered the-method of procuring the blue 
powder at pleafure f. This powder was called Pruffian . 

Hue, from the place where it was difeovered. It was 300*£*/•<?- 
announced irf the Berlin Memoirs .for 1710 ; but the riments. 

procefs was concealed, becaufe it had become a lucra¬ 
tive article of commerce. A method of preparing it, 

however, was publifhed by Woodward in the Philofp-prep^rg 
phical TranfaCiions for 1724, which he laid he had got it. 

from one of his friends in Germany.. This-method was 
as follows : Detonate together 4 ounces of nitre and as 
much tartar, in order to procure an extemporaneous al¬ 

kali ; then add 4 ounces of dried bullock’s blood, mix 
the- 
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~ the ingredients well together, and put them into a cru- 

cible covered with a lid, in which there is a {mall hole ; 

'•calcine with a moderate fire till the blood emits no more 
fmoke or flame capable of blackening any white body 
expofed to it : increafe the fire towards the end, fo that 
the whole matter contained in the crucible (hall be mo¬ 

derately but fenfibly red. In this ftate throw it into 
two pints of water, and boil it for half an hour. De¬ 
cant off this water, and continue to pour on more till 
it come off infipid. Add all thefe liquids together, and 
boil them down to two pints. Diffolve two ounces of 
fulphat of iron and eight ounces of alum in two pints 
of boiling water ; mix this with the former liquor while 
both are hot. An effervefcence takes place, and a pow¬ 

der is precipitated of a green colour mixed with blue. 
Separate this precipitate by filtration, and pour muria¬ 

tic acid upon it till it becomes of a beautiful blue ; then 

■wafh it with water and dry it. 
Different explanations were given of the nature of 

this precipitate by different chemifts. All of them ac¬ 
knowledged that it contained iron, but to account for 

the colour was the difficult point. Brown, and Geof- 
fro) «nd Neumann, difeovered in fucceflion, that a great 

many other animal fubftances befides blood communica¬ 
ted to alkalies the property of forming Pruffian blue. 
Macquer undertook an examination of this fubftance, 

and publifhed the refult of his experiments in the Me- 

33* moirs of the French Academy for i 75 
Its compo He obferved that, when alkali is added to a folu- 
fitiondifco-t*0n 0f ;ron ;n aily acid, the iron is precipitated of a 

Macquer ye^ow colour, and folnble in acids ; but if iron be pre- 
ucquer. c*p-tatec^ from an acid by an alkali prepared as above 

deferibed, by calcination with blood (which has been 

called a Prujfian alkali), it is of a green colour. Acids 
diffolve only a part of this precipitate, and leave behind 
an infoluble powder which is of an intenfe blue colour. 
The green precipitate therefore is compofed of two dif¬ 
ferent fubftances, one of which is Pruffian blue ; the 
other, as he afeertained by experiment, is tlie brown or 
yellow oxide of iron : and the green colour is owing to 
the mixture of the blue and yellow fubftances. When 
heat is applied to the infoluble precipitate, its blue co¬ 
lour is deflroyed, and it becomes exactly fimilar to com¬ 
mon oxide of iron. It is compofed therefore of iron and 
fome other fubftance, which heat has the property .of 

driving off. If this infoluble precipitate be boiled with 
a very pure alkali, it lofes its blue colour alfo, and at the 
fame time the alkali acquires the property of precipita¬ 
ting of a blue colour folutions of iron in acids, or it has 
become precifely the fame with the Pruffian alkali. 

Pruffian blue, therefore, is compofed of iron and fome- 
thing which a pure alkali can feparate from it, fometliing 

which has a greater affinity for alkali than for iron. 
By boiling a quantity of alkali with Pruffian blue,, it 
may be completely faturated with this fomething, which 

we (hall call colouring matter, and then it has loft all 
its alkaline properties. No acid can feparate this co¬ 
louring matter from iron after it is once united with it. 
When iron diffolved in an acid is mixed with an alkali 
faturated with the colouring matter, a double decompo- 
fition takes place, the acid unites with the alkali, and 
the colouring matter with the iron, and forms Pruffian 
blue. The reafon that, in the common method of pre¬ 

paring Pruffian blue, a quantity of yellow oxide is pre¬ 
cipitated, is, that there is not a fufficient quantity of co- 
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louring matter (for the alkali is never faturated with it) PrufTic 
to faturate all the iron difplaced by the alkali; a part of, Acid, 
it therefore is mixed with Pruffian blue. Muriatic acid * J 

diffolves this oxide, carries it off, and leaves the blue in 
a ftate of purity. Such were the conclufions which 
Macquer drew from his experiments; experiments which 
not only difeovered the compofition of Pruffian blue, 
but threw a ray of light on the nature of affinities, 

which has contributed much towards the advancement 
of that important branch of cliemiftry. 

The nature of the colouring matter, however, was ftill 

unknown. Macquer himfelf fuppofed that it was pure 
phlogifton ; but the opinion was untenable. Pie had 
fhewn that it poffeffed the property of forming neutral 
falts, and therefore Bergman and Morveau fufpe&ed 

that it was an acid. 
Scheele undertook the tafk of examining its nature, 

and publifhed the refult of his experiments in the Stock¬ 

holm Tranfaclions for 1782. 
He obferved that the Pruffian alkali, after being ex¬ 

pofed for fome time to the air, loft the property of form¬ 
ing Pruffian blue; the colouring matter mud therefore 

have left it. 333 
He put a fmall quantity of it into a large glafs globe,Decompc* 

corked it up, and kept it fome time; but no change fed by 
was produced either in the air or the Pruffian alkali.Scheele. 

Something muft therefore difplace the colouring matter 

when the alkali is expofed to the open air, which is 
not prefent in a glafs veffel. Was it carbonic acid gas ? 
To afeertain this, he put a quantity of Pruffian alkali 
into a glafs globe filled with that gas, and in 24 hours the 
alkali was incapable of producing Pruffian blue. It is 
therefore carbonic acid gas which difplacts the colour¬ 
ing. matter. He repeated this experiment with this dif¬ 
ference, that he hung in the globe a bit of paper which 
had been previoufly dipped into a folution of fulphat of 

iron, and on which he had let fall two drops of an alka¬ 
line lixivium, in order to precipitate the iron. This 
paper was taken out in two hours, and became covered 
with a fine blue on adding a little muriatic acid. Car¬ 
bonic acid, then, has the property of feparating the co¬ 
louring matter from alkali without decompofing it. 534 

He found alfo that other acids produced the fame ef-The coloar- 

fe£. The colouring matter then may be obtained Per'j-"ga^^e? 
haps in a feparate ftate. He accordingly made a num- eParate ' 

ber of attempts to procure it, and at laft difeovered the 

following procefs : He boiled together for fome minutes 
two ounces of Pruffian blue in powder, one ounce of 
the red oxide of mercury, and fix ounces of water ; then 
paffed the whole through a filter, and wafhed the refi- 
duum with two ounces of boiling water. The oxide of 
mercury has a greater affinity for the colouring matter 
than the oxide of iron ; it therefore unites with it, and 
forms with it a fait foluble in water. The iron remains 
behind upon the filter, and the liquid is a folution of the 
colouring matter combined with mercury. He poured 
this folution upon half an ounce of pure iron-filings, and 
added at the fame time three grains of fulphuric acid. 
The iron feparates the oxygen from the mercury, m 
order to combine with the fulphuric acid; the mercury 
is precipitated in its metallic ftate, and leaves behind it 
a quantity of fulphat of iron and of colouring matter 
diffolved in water, but not combined, as the colouring # $nti0neti 
matter is unable to feparate the iron from the acid . Ann ds 

He then diftilled in a gentle heat; the colouring mat-cbimie, u 
ter 30. 
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Pruffic ter came overby the time that onc-fourth of the liquor 
Aci(l- had paffed into the receiver. It was mixed, however, 

v ' with a fmall quantity of fulphuric acidj from which lie' 
feparated it by diddling a fecond time over a quantity 
of carbonat of lime. The fulphuric acid combines with 
the lime and remains behind, which the colouring mat¬ 
ter cannot do, becaufe carbonic acid has a ftronger affi¬ 
nity for lime than it has. Thus he obtained the colour¬ 
ing matter in a date of purity. 

Itsiompo- remained now to difcover its component parts. He 
nent parts, formed a very pure Pruffianblue, which he diililled, and 

increafed the fire till the veffel became red. The fmall 
quantity of water which he had put into the receiver 
contained a portion of the blue colouring matter and of 
ammonia ; and the air of the receiver confided of azot, 
carbonic acid gas, and the colouring matter. He con¬ 
cluded from this experiment, that the colouring matter 
was compofed of ammonia and carbon. He mixed to¬ 
gether equal quantities of poun'ded charcoal and potafs, 
put the mixture into a crucible, and kept it red hot for 
a quarter of an hour: he then added a quantity of fal 
ammoniac in fmall pieces, which he pufhed to the bot¬ 
tom of the melted mixture, kept it in the fire for two 
minutes till it had ceafed to give out vapours of ammo¬ 
nia, and then threw it into a quantity of water. The 
folution poffeffed all the properties of the Pruflian al¬ 
kali. 1 hus Mr Scheele fucceeded in forming the co¬ 
louring matter ; and it was confidered as proved that it 
was compofed of ammonia and carbon. 

But after the publication of Scheele’s experiments, 
it was difcovered that ammonia itfelf is compofed of 
azot and hydrogen. It became therefore a queftion, 
Whether ammonia entered into the compofition of this 
fubftance, or merely its ingredients ? Whether it was 
compofed of ammonia and carbon, or of azot, hydro¬ 
gen, and carbon combined in a different mariner ? This 
point has been decided by the following experiments; 
Mr Clouet made a quantity of ammoniacal gas pafs 
through a red hot porcelain tube filled with charcoal, 
and by this procefs formed a quantity of the colouring 
matter *. Here the temperature was fo high that the 
ammonia muff have been decompofed: and the colouring 
matter cannot be formed by combining ammonia and 
charcoal except at a temperature equally high. There 
is reafon therefore to fuppofe that the ammonia is de¬ 
compofed. When oxy-muriatic acid is mixed with the 
colouring matter, it communicates to it a quantity of 
exygen, and caufes it in confequence to affume very dif¬ 
ferent properties. When a fixed alkali or lime is added 
to it in this ftate, it is immediately decompofed, and 
converted into ammonia and carbonic acid gas. The 
colouring matter in this ftate contains all the ingredients 
neceffary to form thefe two fubftances, namely, azot, 
hydrogen, carbon, oxygen : but in order to induce the 
ingredients to form thefe two compounds, the afiiftance 
of an alkali or lime to combine with the carbonic acid 
is neceffary ; juft as fulphur combines more eafily with 
oxygen when united with an alkali or with iron than 
when feparate f. 

Suppl. Vol. I. Part I. 

*Arm 

Chim. 
de 

53<> 

I S T R Y, 
The colouring matter, then, which we fiiall hence¬ 

forth call the Pruffic acid, is compofed of azot, hydro¬ 
gen, and carbon; but the proportions of thefe ingredients 
have nc_ yet been determined. It is confidered as an 
acid, though the prefence of oxygen has not been proved, 
becaufe it has the property of forming neutral lalts with 

the lame bafes as other acids. 

The Pruffic acid is exceedingly volatile, and evident- properties 
ly capable of exifting in a gafeous ftate. It has a pecu- f Pruffic 
liar odour, not difagrecable, and which has been com-acid. 

pared to the flowers of the peach. It has a fweetilh 
and fomewhat hot tafte, and excites cough*. * Scheele. 

It has no affinity for alumina nor for alcohol f. j Morveaj 

This fubftance differs exceedingly in its adion from 
all other acids. 

It is capable of combining, like them, with earths, fts^ori 
alkalies, and metallic oxides, and of forming compounds on other 
which have been denominated Pruffiats. But it enters bodies, 
much more readily i»to triple compounds with alkalies 
or earths, and metallic oxides, than into combinations 
with earths or alkalies feparately ; and though its affi¬ 
nity appears to be greater for alkalies and earths than 
for metallic oxides, yet when in a free or gafeous ftate it 
does not enter into combinations with earths, or alkalies 
without difficulty, and it is feparated from them much 
more eafily than from metallic oxides. Mere expofure to 
the light of the fun, or to a heat of 1 ic°, is fufficient 
for that purpofe. 

Its affinities are fuppofed to be as follows: 538 
Potafs, Its affini- 

Soda, ties* 
Ammonia, ' 
Lime, 
Barytes, 
Magnefia, 

Oxide of zinc,. 
• iron, 

manganefe, 
-cobalt, 
-nickel, 
-lead, 
-tin, 
— copper, 
— bifmuth, 
-— antimony, 

-arfenic, 
-filver, 
— mercury, 
-gold, 
- platinum (y). 

f Bertholletl 

ibid. i. 

Sect. XXIX. Of Formic slcid. 

In the 15th century feveral botanifts obferved, with . 539 
aftonifhment, that the flower of fuccory, when thrown ^fo°very 

into an ant hill, became as red as blood : But it waa acidT*^ 
Mr S Fifher who firft difcovered that ants poffeffed a 
peculiar acid, which he obtained by diftilling thefe ani¬ 
mals. His experiments were publifhed in the Philofophi- 
cal Tranfadions for 1670. Though Hoffman afterwards 

U u repeated 

(y) We fufped that this is not the real order of the affinities of this acid; the metallic oxides ought probably 
to be placed before the alkalies and earths, and the metallic Pruffiats ought to occupy the place which is at pre- 

fent filled by the metallic oxides. The reafons for this conjedure will appear afterwards. See Part III. chapF ii 
fed. 23. of this article. * 1 * 
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repeated his procefs, little was known concerning the 
nature of this acid till Margraf undertook its examina¬ 

tion, and published liis experiments in the Berlin Me¬ 

moirs for 1749. . 
The fpecies of ants from which the formic acid is 

obtained is the formica rufa, which refide moll common¬ 
ly in woods, or at leaft in elevated and dry places. 
They have been found to contain the greateft quantity 

of acid in the months of June and July. If at that 
feafon one of thefe animals be prefled upon paper tin¬ 
ged with turn foie, it changes the. colour of it to a moil 

lively red: they even fometimes ilain it merely by crawl- 

«Uo ing over it* . . 
Methods of There are two methods of obtaining the formic acid, 

obtaining diftillaticn and lixiviation. 
^ When the firfi method is to be employed, the ants 

are to be wafhed clean, dried with a gentle heat, put in¬ 
to a retort, and diftilled with a moderate heat, gradual¬ 
ly increafed till all the acid has come over. . It is mix¬ 
ed with an empyreumatic oil, from which it is fepaiated 
by pa fling it through a ftrainer previoufly moiflened 
with water. By this procefs Meffrs Ardviffon and 
Oelirn obtained from a pound of ants 7^ ounces of acid, 
the fpecific gravity of which, at the temperature of 6o°, 

* T)\(T,rt on was 1,007 c *. Morveau obtained from 49 ounces of 
the Acid 'of ants 23 ounces of pretty ftrong acidf. Margraf added 
Ants, ini, a quantity of water; but it is evident that this ierves 

,n merely to weaken the acid. 
MatraziZ When the other method is preferred, the ants are to 
for Arts, be wafhed in cold water, put upon a clean linen cloth, 

and boiling water poured on them repeatedly till it can 
extract no more acid. The linen is then to be fqueezed, 
and the feveral liquors mixed and filtrated. 1 his me¬ 
thod was firft ufed by ArdvifTon and Oelirn : they ob¬ 
tained from a pound of ants an acid liquor which had 
more fpecific gravity than common vinegar. It is to 
be purified from the oil which adheres to it by repeated 
diftillations. After four diftillations the empyreumatic 

oil ft ill manifefts its prefence by its fmell, but this imell 
vanifhes if the acid be expofed for feme time to the air; 
a quantity of effential oil, however, ftill remains, which 
cannot be feparated. The fpecific gravity of the acid 

' thus re&ified is i,oon , T7 , 
Hermftadt employed a third method. He expreffed 

the juice of dry ants, and by this means obtained from 
2 lbs. of thefe animals lioz.2 dr. of juice, which on 
diftillation yielded a clear pure acid, equaljn ftrength to 

very concentrated vinegar §. 
This acid feems to be capable of affuming a gafeous 

form ; at leaf! Hermftadt obferved, that when he put 

fome of it into a bottle with a glafs Hopper,_ the top¬ 
per was frequently raifed by an elaftic fluid making 

its efcape, and that after fome days it had loft its fmell||. 
When this acid is boiled with nitric acid, a gas is extri¬ 
cated, which renders lime-water turbid, and has a very 

1ArJvtfha,Va^ ac;d lias^a ftrong gut not unpleafant fmell, acauf- 

tic tafte, and when much diluted a pleafant acidity* When 

_ T,.. molt concentrated, its fpecific gravity is 1,0453 *• 
One part of this acid, mixed with 75 parts of water, 

gives a faint red to fyrup of violets ; mixed with 430 
parts of water, it reddens paper coloured with turnfole; 
mixed with 7300 parts of water, it produces noeffed 

4 Morveau, on'the infufion of turnfole f. It mixes readily with al- 

p. 6z, cohol. 

-J- £ncyc. 

Method, i. 
6l, 

$ Ardvijfoh 

and Oebrn•, 

ibid. 

§ CrelVs 

Annals, 

1784. 

541 
Its proper¬ 
ties. 
11 Ibid. 

Tart If. 
It unites readily with the other acids. When boiled Seliacic 

with fulphuric acid, it becomes black. White acrid va- t Acicl ,,, 
pours rife when the mixture becomes hot; and when it 
boils, a gas rifes which unites with difficulty to water 
and lime-water; the formic acid is again obtained, but 

its quantity is diminifhed *. * Hid. 
Nitric acid decompofes it altogether, and is itfelf 

converted into nitrous acid. Muriatic acid does not al¬ 
ter it. Oxy-muriatic ads like nitric acid f. \ Ibid. 

Its compounds are called formiats. 54* 
Its affinities are the fame with thofe given above for p^ucn°^’ 

the Prufiic acid. 
pounds and 
affinities. 

Sect. XXX. Of Sebacic Acid. 
543 

Chemists had long fufpeded that an acid could be Difcovery 
obtained from tallow, on account of the acrid nature of of febacic 

the fumes which it emitted at a high temperature ; but acl * 
it was M. Grutzmacher who firfi demonflrated this acid 
in a difTertation Dc OJfmm Medulla, publifhed in 1748^. f Leonhard 

Mr Rhodes mentioned it in 1 753, and Segner publifhed 

a difTertation on it in 1754, and Crell examined its pro¬ 
perties very fully in two differtations publifhed in the 
Phil. Tranf. for 1780 and 1782. It was called at firfi 

acid of fat, and afterwards febacic acid. 
It may be procured by heating together a mixture of 

fuet and lime. Sebat of lime is formed, which may 
be purified by folution in water. It is then to be put 
into a retort, and fulphuric acid poured on it. Sebacic 

acid paffes over on the application of heat. 544 
Sebacic acid has an acid, fharp, bitterifh tafte, and a ffs proper- 

very pungent fmell. It reddens tindure of litmus* lies, 

Heat caufes it to affume a yellow colour. 
It oxidates filver, mercury, copper, iron, lead, tin, 

zinc, antimony, manganefe. 
It does not ad upon bifmuth, cobalt, nickel. When 

mixed with nitric acid it diffolves gold. 
Its compounds are called febats. 545 
Its affinities, according to Morveau, are as follows : 

Barytes, ties. 
Fotafs, 
Soda, 
Lime, 
Magnefia, 
Ammonia, 

Alumina, 
Jargonia §, § Vauquc- 
Oxide of zinc, tin, Ann. d* 

-manganefe, 

-iron, 
--lead, 

- tin, 
-cobalt, 
- copper, 
-nickel, 

—- arfenic, 
- bifmuth, 
- mercury, 
-antimony, 
— filver. 

Sect. XXXI. Of Bomlyc Add. 

Mr Boissier de Sauvages obferved, that the juice D;fCovery 
of the filkworm, in the difeafe called in France mufea- 0f bombyc 
dine, was acid; and Chauffier remarked, that the filk-acid. 

worm, after being converted into a butterfly, gives out 
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a liquor which turns vegetable blues to a red. He found, 
that during the time that the animal was forming its 
cocon, the acid was depofited in a refervoir near the a- 
nus. By means 'of a pair of fciffars he collected fome 
which reddened blue paper, united with alkalies with 
effervefcence, and even attacked the fciflars. He after¬ 

wards collected it by infufmg the chryfalids in alcohol, 
which diffolved the acid, but left the impurities un¬ 

touched. 
This acid has never been examined with, attention ; 

fo that almoft all its properties are unknown. 

Sect. XXXII. Of Zoonic Acid. 

Ma Berthollet has obtained a peculiar acid by di- 

ftilling vegetable and animal fubftances, to which lie has 
given the name of the %oonic acid*. He procured it by 

* Ann. de diftilling the gluten of wheat, the veil of beer, bones, 
Chim. xxvi. and woollen rags ; and concludes, therefore, that it may 

be produced by the di ft illation of all animal fubftances. 
To obtain this acid pure, he .mixed lime with the di- 

ftilled liquid, after having feparated the oil, which it 
always contains (for the produft of the diftillation of 
animal fubftances is chiefly oil and carbonat of ammo¬ 
nia.) He boiled this mixture till the carbonat of am¬ 
monia was exhaled : he then filtered it, added a little 
more lime, and boiled it again till the fmeil of the am¬ 
monia had gone off entirely. The liquor, which now 
contained only zoonat of lime, he filtered again, and 
then added a little water impregnated with carbonic 
acid, in order to precipitate any lime which might hap¬ 
pen to ^e diffolved in the liquid without being com¬ 

bined v. Mi the zoonic acid. 
After concentrating the zoonat of lime, he mixed it 

with phofphoric acid, and diftilled it in a retort. At a 
heat nearly equal to that of boiling water, the zoonic 

548 acid paffes over in a date of purity. 
Tm proper- The ZOOmc acid has an odour like that of meat when 

tiCS* frying, and it is adually formed during that procefs. 
It has an auflere tafle. 

It gives a red coloun to paper tinged with turnfole. 
With alkalies and earths it produces falts, which do 

not appear capable of cryftallizing. 
It forms a white precipitate in the folutions of ace- 

tite of lead and nitrat of mercury. 
Part of the zoonic acid feems to be deftroyed by the 

a&ion of heat during the diftillation of the zoonat of 
lime with phofphoric acid : for the liquor, which is in 
ebullition, becomes brown, and grows black at the end 
of the operation ; hence Mr Berthollet concludes that 
the zoonic acid contains carbon. The zoonat of filver, 
when kept, becomes gradually brown ; hence he con¬ 
cludes that the acid contains hydrogen. Thefe conclu- 
fions he draws from a very ingenious theory of his, 
which has been already defcribed in the article Bleach- 

fBerthollet^ ING in this Supplementf.. 
Am. de The five preceding acids have obtained the name of 
Chim. xxvi. anlmalacids 1 becaufe they are all obtained from the ani- 

Anfmal ,Tia^ kingdom. It can fcarcely be doubted that a more 
acids. accurate examination of animal fubftances will add con- 

fiderably to the number of thefe acids. 

Sect. XXXIII. Of Arfenic Acid. 

Arsenic acid, which was firft difeovered by Scheele, 
may be produced by funply mixing the white oxide of 

Fart II. 

547, , 
Method of 
obtaining 
zoonic a- 
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STRY, 
arfenic with oxy-muriatic acid, and applying a beat fuf- 
ficient to fublime the muriatic acid. The theory of 
this operation is evident ; the white oxide has a greater 
affinity for oxygen than muriatic acid has$ of courfe Method of 
it combines with it, and is thus converted into arfenic ohtainnig 

acid, and the muriatic acid is eafily fublimed by apply-a.r^nic a* 

ing heat. 
Landriani has informed us, that this acid may be al- 

fo formed by fubliming feveral times fucceffively the 
white oxide of arfenic, and taking care every time to re¬ 
new the air. This procefs is equally fimple; the oxide 

combines at a high temperature with the oxygen of the 

atmofphere. 
This acid is exceedingly fixed. When expofed to Its proper* 

the air it attradls humidity, and at laft becomes li- ties, 
quid. At the temperature of 6o° it difTolves in two- 
thirds of its weight of water. It3 folution may be eva¬ 
porated to drynefs, and even converted into a glafs, 
which attra&s moifture from the air, and ads power¬ 

fully on the crucible. 
It is poifonous as well as the white oxide of arfe- 

‘"'c *• , . . , , - * Scheie. 
When expofed to a red heat, it is partly decompofed 

and converted into white oxide of arfenic f. f Id. 
It does not ad upon gold, platinum, filver, mer¬ 

cury. 
It oxidates copper, iron, lead, tin, zinc, bifmutb, 

antimony, cobalt, nickel, manganefe, and arfenic, and 
in a very ftrong heat, mercury and filver. 

According to Berthollet’s experiments, arfenic acid 

is compofed of eight parts of white oxide of arfenic and 

one part of oxygen. 
Its compounds are called arfeniats. 

Its affinities are as follows : 
Lime, 
Barytes, 
Magnefia, 
Potafs, 
Soda, 
Ammonia, 

Oxide of zinc, 
-manganefe, 
- .—— iron, 
— -lead, 
-tin, 
——— cobalt, 

55* 
Its com¬ 
pound® and 
affinities. 

copper, 

nickel, 
bifmuth, 

• mercury, 
antimony, 
filver, 
gold, 
platinum, 

Alumina, 

Jargonia J ? 
Water. 

S ect. XXXIV. Of Tungstic Add. 

I VauqtieYtn% 
Ann. de 
Chim. XXli. 

208. 

Tungstic acid, or oxide of tungften, was firft dif-pro5p5/rtje5 
covered by Scheele; but the acid which he examined0f tungftic 

was not pure, being compofed, as Mr Luyart has fhewn, acid, 

of nitric acid, ammonia, and tungftic acid. The real 
acid is infoluble in water, taftelefs, and incapable of 

turning vegetable blues red till it has been firft, rendered 
Uu2 foluble 



i Luyaris. 

| VaugueSn, 

£$/«. xxii. 
ac8. 

555 
Properties 
cf molyb¬ 
dic aci l 

^ Bergman. 
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Molybdic foluble by being partly combined with ammonia. It Is 

Add. Qf a beautiful yellow colour, which becomes blue when 

expofed to the light, or heated violently in clofe veflfels. 

It does not recover its yellow colour except by calcina¬ 

tion in the open air, and then increafes^ in weight. 

When put into muriatic acid along with tin, zinc, or 

• Henman, iron, the liquor becomes blue *. Treated with acetous 

acid, it becomes blue. When reduced to a glafs with 

phofphat of foda, the' blue colour appears and difap- 

pears according as the blue or yellow part of the flame 

is direaed to it, as happens to manganefe. . Probably 

this blue fubftance is an oxide of tungften with a fmal- 

554 ler quantity of oxygen. 

Its com- Its compounds are called tungstats. 
pounds and jts affinities are as follows f : 
affinities. Lime, 

Barytes, 

Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Alumina, 

JargomaJ ? 

Sect. XXXV. Of Molyldk Aid. 

Concrete molybdic acid, firft difeovered by Scheele, 

is white, and has an acid but metallic tafte. Its fpecific 

gravity is 3,75 §. It is not altered in the air. When 

heated in a crucible till it is beginning to melt, it ex¬ 

periences no alteration. It remains fixed even in a great 

fire as long as the crucible is covered ; but the moment 

it is uncovered the acid rifes unaltered in a white fmoke. 

It diffolves in 570 parts of water. The folution red¬ 

dens turnfole ; nitric acid does not affect it, but fulphu- 

ric and muriatic acids diffolve it by the affiftance of 

^It may be prepared by treating the ore of molybde¬ 

num with nitric acid, and wafhing the acid when form- 

ed in water. . r 
When combined with potafs, it forms a colourlels 

fait. „ , ...... 
Mixed with filings of tin and muriatic acid, it imme¬ 

diately becomes blue, and precipitates flakes of the fame 

colour, which difappear after fome time, if an excefs of 

muriatic acid has been added, and the liquor affumes a 

brownifh colour. . 
With the folution of nitrat of lead it forms a white 

precipitate, folublc in nitric acid. 

When mixed with a little alcohol and nitric acid, it 

does not change its colour. 
With a folution of nitrat of mercury, or of nitrat ot 

filver, it gives a white flaky precipitate. 

With the nitrat of copper it forms a greenifh preci- 

^ With folutions of fulphat of zinc, muriat of bifmuth, 

muriat of antimony, nitrat of nickel, muriats of gold 

and platinum, it produces white precipitates when thefe 

folutions do not contain an excefs of acid. 

When melted with borax, it gives it a bluifh co- 

Paper dipt in this acid becomes in the fun of a beau- 

( Vaugueltn, tiful blue colour ||. 
Fhihfopbical Sulphur is capable of partly decompofing it by heat. 

Its compounds are called molybdais. 

Its affinities are unknown. 

1 s T R Y. Part II. 
Chromic 

Acid. Sect. XXXVI. Of Chromic Acid. 

In the year 177c, Mr Pallas difeovered in the gold 

mine of Berefof, near Ekaterimbourg in Siberia, a mi- A.nalyfis of 

neral of a red colour, with a (hade of yellow, cryftallized the red lead 

in fmall acute angled quadrangular prifms, fometimeso*' Siberia, 

fmootH, fometimes longitudinally {freaked, and often 

hollow. Mr Macquart, profeffor of medicine at Paris, 

who in 1783 had been fent to the north by the French' 

government in order to collect mineralogical informa¬ 

tion, brought with him a quantity of this mineral, which 

has been diftinguifhed by the name of red lead ore of Si¬ 
beria, and in 1789 analyfed four ounces of it along with 

Mr Vauquelin. They found it to contain, 

Lead - - 365- 

Oxygen - 371- 

Iron - - 241- 

Alumina - - 2 

100 

and a little filver *. * Ann de 
Mr Bindheim of Mofcow analyfed it foon after, and^* u 

found it to contain, 

Lead 

Molybdic acid 

Nickel 

Oxide of iron 

Air and water 

Silica 

60 
11,66 
5,66 
i 

5 
4>5 

87,82 

AAgazine, 
i. a 

and a little copper and cobalt f. f Seri. 
Vauquelin examined it again in 1797, and found Beat iv, 

that all the former analyfes were inaccurate. 2^1 u 
A hundred parts of this mineral, reduced to a fine 

powder, were mixed with 300 parts of the faturated 

carbonat of potafs, and about 4000 parts of water ; and 

this mixture was expofed for an hour to a boiling heat. 

He obferved, ift, that when thefe matters began to a& 

upon each other there was produced a ffrong effervef¬ 

cence, which continued a lung time £ 2d, that the o- 

range colour of the lead became a brick red ; 3^> that 

at a certain period the whole matter Teemed to diffolve ; 

4th, that in proportion as the effervefcence advanced 

the matter reappeared under the form of a granulated 

powder of a dirty yellow colour ; 5th, that the liquor 

affumed a beautiful golden yellow colour. When the 

effervefcence had entirely fubiided, and appeared to have 

no longer any adtion on the fubftances, the liquor was 

filtered, and the metallic duff colleaed on the paper. 

After being wafhed and dried, it weighed no more than 

78 parts: the potafs,therefore,had taken from it 22parts. 

He poured upon the 7$ parts juft mentioned feme 

of the nitric acid, diluted in 12 parts of water, which 

produced a brifk effervefcence. The greater part of 

the matter was diffolved : the liquor affumed no colour,, 

and there remained only a fmall quantity of powder of 

an orange-yellow colour. The liquor of the refiduum 

was feparated by the help of a fyphon, the matter walk¬ 

ed feveral times, and the wafhings united with the firft 

liquor. This refiduum, dried, weighed no more than 

14 parts i from which it follows, that the nitric acid 

had difiblved 64. # , 
He again mixed thefe 14 parts with 42 parts ot the 

carbonat of potafs and the neceffary quantity of water, 
r and 
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and then treated them as before, and the phenomena 

were the fame. The liquor, after being filtered, was 

united to the former; and the refiduum, wafhed and 

dried, weighed.no more than two parts, which were Ml 

red lead, and therefore thrown away. 

The two nitric folutions, united and evaporated, pro¬ 

duced 92 parts of nitrat of lead, cryftallized in oftahe- 

dra, perfe&ly white and tranfparent. Thefe 92 parts 

of nitrat of lead, diffolved in water, were precipitated by 

a folution of the fulphat of foda. This produced 81 

parts of the fulphat of lead, which were equivalent to 

56,68 of metallic lead. 

The alkaline liquors were found to contain a fait com- 

pofed of potafs combined with a peculiar acid, which 

Mr Vauquelin afterwards called chromic acid. 

Thefe liquors, fubje&ed to evaporation until a faline 

pellicle was formed on their furface, produced, on cool¬ 

ing, yellow cryftals ; among which there was a carbonat 

of potafs, not decompofed. Thefe cryftals, diflolved in 

water, and the folution united with the mother-water, 

the whole was mixed with weak nitric acid until the 

carbonat of potafs was faturated. The liquor then 

had a very dark orange-red colour. Being united with 

a folution of the muriat of tin, newly made, it firft af- 

fumed a brown colour, which afterwards became green- 

i(h. Mixed with a folution of the nitrat of lead, it im¬ 

mediately produced the red lead. Laftly, evaporated 

fpontaneoufly, it produced ruby-red cryftals, mixed with 

cryftals of the nitrat of potafs. Ninety-dght parts of 

this mineral, decompofed as above-mentioned, having 

produced 81 parts of the fulphat of lead, 100 parts 

would have given 82,65, which are equivalent to 57,1 

of metallic lead. “ But admitting, as experiment proves 

(fays Mr Vauquelin), that 100 parts of lead abforb, in 

combining with acids, 12 parts of oxygen, the 57,1 of 

metallic lead ought to contain in the red lead 6,86 of 

this principle, and we ought to have for the minerali¬ 

zing acid"26,4. 

Chromic acid cryftallizes in the form of elongated 

prifms of a ruby colour. 

When mix£d with filings of tin and the muriatic acid, 

it becomes at firft yellowilh brown, and afterwards af- 

fumes a beautiful green colour. 

When mixed with a little alcohol and nitric acid, it 

immediately aflumes a bluifh green colour, which pre- 

ferves the fame (hade even after deficcation. Ether 

alone gives it the fame colour. 

With a folution of nitrat of mercury, it gives a pre¬ 

cipitate of a dark cinnabar colour. 

With a folution of nitrat of filver, it gives a precipi¬ 

tate, which, the moment it is formed, appears of a beau¬ 

tiful carmine colour, but becomes purple by expofure 

to the light. This combination, expofed to the heat 

©f the blow pipe, melts before the charcoal is inflamed. 

It a (fumes a blackifh and metallic appearance. If it 

be then pulverifed, the powder is ftill purple ; but af¬ 

ter the blue flame of the lamp is brought in contact 

with this matter, it aflumes a green colour, and the fil- 

ver appears in globules diffeminated throughout its fub- 

ftance. 

With nitrat of copper, it gives a chefnut red precipi¬ 

tate. 

With the folutions of fulphat of zinc, muriat of bff- 

muth, muriat of antimony, nitrat of nickel, and muriat 

of platinum, it produces yellowhh precipitates when 

I S T R Y. 34* 
thefe folutions do not contain excefs of acid. With Cl^™™ic 

muriat of gold, it produces a greenifh precipitate.. . ^ * * 

When melted with borax or glafs, it communicates 

to them a beautiful emerald green colour. 

Paper impregnated with chromic acid aflumes in the 

light a greenifh colour. 

When mixed with muriatic acid, the mixture was 

capable of diflolving gold like aqua regia ; when this 

mixture of the two acids is diftilled, oxy-muriatic acid 

is difengaged, and the liquor aflumes a very beautiful 

green colour. 

Sulphuric acid, while cold, produces no effe£l upon it; 

but v/hen warmed, it makes it affume a bluifh green co¬ 

lour,probably by favouring the difengagement of oxygen. 

When this acid is heated along with charcoal, it is 

reduced to the metal called ebromum. It is therefore 

compofed of this metal and oxygen. From Vauque- 

lin’s experiments, it appears to contain one part of 

chromum and two parts of oxygen. 

Such are the properties of this acid, as far as they 

have hitherto been diffovered. Vauquelin is the only 

chemift who lias examined it; and from his memoir the 

above account has been taken *. * Arm. de 
Clnm. xxv,. 

The four laft deferibed acids are called metallic acids, Ybiiofophical 
becaufe they are compofed of metals and oxygen. Magazine, 

It is believed that molt of the metals, we would ra-1-^- aIK* 

ther fay of the metallic oxides, are capable of being 36i^9 

converted into acids by being combined with oxygen. Mecauic 

It is certain that this is the cafe with platinum ; and acids. 

Hermftadt, by diddling nitric acid off tin, converted 

it into a white mafs, foluble in three parts of water, 

which has been called Jlannic acidf Several more of f <js 
the metallic oxides a& the part of acids : But no com- Cbim, iw 

plete fet of experiments on this important fubjedt has 

yet appeared. 

Chap. VI. Of Affinity. 
560 

The meaning of the word affinity has been already Importance 

explained ; and it muff appear evident, from the ufeof<l nit*v 

w hich has been made of it in this article, that the con- 

fideration of the nature of affinity is the mod important 

part of chemiftry. While its laws are unknown, che- 

miftry is not a fcience, but a wildernefs of fadls with¬ 

out beauty or regularity : every thing, is equally per¬ 

plexing and incomprtheufible. The chemift, inftead of 

being able to trace the operations of Nature, is loft iu> 

an endlefs maze of uncertainty, without a guide to con- 

duel him, or a ray of light to illuminate his fteps. It 

is the knowdedge of affinity which difpels the dark- 

nefs, removes the confufion, (hews us the order which 

fubfifts in all the phenomena of nature, points out their 

dependence on one another, and enables us to direct 

them as we think proper, to make them fubfervient to 

the improvement of the arts, and thus to render them 

the minifters of our comforts and enjoyments* 56* 

I. When tw'o bodies are united together by affinity,Tt wnkes 

how fmall a portion foever of the compound we exa-k°^*^^~ 

mine, we fhalkalways find it to contain both of the in- ticle.C° 

gredients* From this it is evident, that, affinity com¬ 

bines bodies, particle with particle. 

By particles we do not mean what philofophers have 

called atoms, or the fmalleft parts into which it is pof- 

fible to divide matter; but the fmalleft parts whiola 

maka: 
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make an integrant of any fubftance, Water, for in- 

' dance, confids of oxygen and hydrogen ; but when we 
fpeak of a particle of water, we do not mean the oxy¬ 
gen or the hydrogen feparately, but the fmallcd pof- 
iible quantity of thefe combineddn fuch a manner as to 

form water. It is the integrant particles of bodies which 
are united by affinity. Thus fulphuric acid is compo- 
fed of fulphur and .oxygen combined together ; and 
ammonia, of hydrogen and azot combined in the fame 
manner. Now when fulphuric acid and ammonia com¬ 

bine, it is not their elements, fulphur, oxygen, azot, and 
hydrogen, which unite together, particle with particle, 

but the particles of the acid and the alkali as inte¬ 
grants. This is evident; becaufe if thefe fubftances be 
feparated from each other by means of a flronger af¬ 

finity, they are found precifely in the fame flate as be¬ 
fore they entered into combination.—When the fub- 
ftances which combine are fimplc, the ultimate and in- 
tegrant particles are the fame . But we are not certain 
that any of the bodies with which we are acquainted 

is fimple, in the drift and proper fenfe of the word*. 
2. What is this affinity which unites bodies together ? 

The older chemids thought that all folvents, or fub- 
daiict: capable of diffolving others, were compofed of 

particles which had the form of wedges or hooks ; that 
folution confided co t he infinuation of thefe wedges or 
hooks between the particles of the bodies to be diffol- 
ved ; and that chemical combination was merely the 
linking of the different particles together by means of 

holes in one let of particles, into which the hooks or 
the wedges of the other fet were tlirud. Such explana¬ 

tions, abfnrd as they may appear, were fafhionable among 
chemical philofophers till the days of Sir ifaac Newton, 
who fird aferibed the chemical union of bodies to an 
attraction between the particles themfelves. This ex¬ 
planation, after a violent druggie on the part of the 

chemids, has been at lad unanimoufiy adopted. 
Affinity, then, is an attraction between the particles 

tradtion be-of different bodies, by which they are drawn towards 
tween the Qne another, and kept united. This we take for grant- 

bodies 0l ed> and confider as a faCI, without pretending to ex¬ 
plain how they come to,be pofleflcd of this power, or 
how they exert it ; both of which are evidently beyond 

the reach of the human underdanding. 
But though we cannot difeover the manner in which 

affinity afts, we can fee, at lead, that it follows certain 
laws, and that they are invariable; for fimilar pheno¬ 
mena always occur when the circnmdances are the fame. 

Now what are the laws which affinity follows ? There 
is a fpecies of attraftion which matter poffeffes, called 

gravitation, the laws of which were invedigated by Sir 
Ifaac Newton. Is affinity the fame with gravitation, 

or does it follow different laws ? 
Upon a flight view of thefe two attractions, their 

phenomena appear very different. Gravitation afts at 
very great didances; affinity not until the bodies are 
mixed together ; Gravitation afts on the whole mafs ; 
affinity only on the particles : Bodies gravitate to one 
another direftly as their maffes, and inverfely as the 
fquares of their didances. But how can affinity follow 

thefe laws, when it does not aft till the bodies are ap* 

I s T R Y. Part II, 
parently in contaft ? or fuppofmg that it does aft, how Affinity, 
can they account for the phenomena of affinity ? If "’V--J 
barytes be prefented to a compound of fulphuric acid 
and potafs, the acid immediately leaves the alkali and 
combines with the earth : But had gravitation been 
the only power afting, ought not the barytes to have 

united with the fulphat of potafs without producing 
any decompofition ? 

Thefe driking differences have convinced many phi¬ 
lofophers, as they feem to have done Newton liimfelf, 
that gravitation and affinity are different fpecies of at¬ 
traftion. Let us not, however, embrace this conciu- 
fion vaguely, or without affixing a precife meaning to 
our words. ^ 

Gravitation and chemical affinity are faid to be diffe- No pofitive 
rent fpecies of attraftion. But what is attraftion ? It Fr?of ti.at 
is merely a general faCt, or that tendency which is oh- 

563 
It is an at- 
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it is difFe- 

ferved among all the portions of matter towards each 
other, but which exhibits very different appearances un¬ 

der different circumdances. The tendency of matter 
towards matter at fenffihle didances is called gravitation, 

and its laws have been completely invedigated ; but 
neither that tendency, nor thefe laws, have been, or can 
be, filew 11 to be ejfential to the exidence of matter. Che¬ 
mical affinity is the tendency of particles towards each 
other at infenfihle didances, or when thefe particles are 
mixed together ; and this tendency appears to be regu¬ 
lated by laws different from thofe of gravitation. Like 
gravitation, it is merely an obferved faCI; and however 
different thefe fafts may appear to be, they are pro¬ 
bably both brought about by the fame forces. It is 
indeed true, that gravitation is direftly as the maffes of 
matter, and inverfely as the fquares of the didances of 
thefe maffes ; while the attraftion, which is called che¬ 
mical affinity, feems to obferve very different rules. But 
we have fhevvn elfewhere (fee Optics, n° 62—68, En- 
cyci ; and Boscovich in this SuppL), that the fame 
forces repel at one didance and attraft at another ; and 
that they may produce all the various phenomena of 
chemical affinity. 

The difficulties to be accounted for in chemical af¬ 
finities are their intenfity, their different degrees of 
drength, and their being eleftive, or, which is the fame 

thing, the capacity which one body lias of difplacing 
another. 

How come affinities, it may be afked, to differ in in- 
tenlity ? Perhaps we might with propriety refer this 
querid to the dudy of Bofcovich’s curve ; but as our 
modern chemids are not generally verfant in fuch ftu- 
dies, we beg leave to obferve, in this place, that we have 
no proof whatever of ahfolute contaft between bodies. 
On the contrary, it is highly probable, we had almod 
faid demondrable, that particles are in every indance at 
fome didance from one another. For, on the fuppof.- 
tion that'two bodies were in aftual contaft, their at¬ 
traftion for each other would not only be as great as 

poffible, but as great as the attraftion of any other body 
for either of them could poffiibly be : Consequently, it 
neceffarily follows, that, fince bodies chemically com¬ 
bined can be feparated, they are not in aftual contaft (a) ; 

but if they are not in contaft, their didance from one 
another 

rent. 

(a) Perhaps the following demondration, which we borrow from the ingenious Mr Broughman, will render 

plate this more evident. In fig. 7. let the body A have fey P an [attraftion which at the didance of AP is propor- 
XVIk tional 
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may vary in different cafes, and the force 

affinity will vary with the diftance. Here then 
is a reafon why the affinity of different bodies va¬ 
ries in flrength. Sulphuric acid, for inffance, has a 
{Longer affinity for barytes than for lime; becaufe 
when the combinations are formed, the diftance between 

the acid and barytes is not fo great as that between the 

acid and lime. 
But why do the diftances differ ? If affinity be the 

fame with gravitation, it muff tend to bring the particles 
nearer one another : And what then prevents the lime 
from approaching as near the acid as the barytes does ? 
We reply, thejigure of its particles. This anfwer was 
firft given to the queftion by Buffon, and it is fully ade¬ 
quate to folve the difficulty. The particles of bodies, 
indeed, are a great deal too minute for us to difcover 
their figure by a&nal infpeCtion ; but the phenomena 
of cryftallization {hew us that this difference actually 

exifts. 
The cryftals of every body affume a peculiar figure. 

Now as thefe cryftals are all formed in the fame man¬ 
ner, and by the fame law, it is impoffible to conceive 
any other reafon for their variety but the difference in 

the form of the particles which compofe them. 
But why does one body difplace another > When a 

particle of barytes is brought within a certain diftance 
of a particle of fulphnric acid and lime combined toge¬ 
ther, affinity aCls and draws them nearer to one ano¬ 
ther ; and the barytes, from its figure, approaches near¬ 
er the acid than the lime could, and forms with it a 
compound, the figure of which is fuch, relatively to that 
of the lime, that they cannot approach within a fmall 
enough diftance of each other to counteraCl the attrac¬ 
tion of the earth. Accordingly no compound is form¬ 
ed ; for all that is meant by two particles having form¬ 
ed a compound, is, that their attraction for each other 
is greater than the attraction of the furrounding bodies 

for either. 
Having thus feen that none of the phenomena of af 

quently it fmity are inconfiftent with their refulting from the for- 

cn^fider°dC ces bring about the phenomena of gravitation, 
as theyiL. we have a right to conclude, that it is at leaft highly 

* probable, that all the motions of the corporeal world are 
produced by the fame power which, though not effen- 
tial to matter, was impreffed upon every atom of it by 
the Great Creator when he formed this univerfe ; and 

that as the effeCts of this power are modified according 
to the fituation of the bodies on which it aCls, they are 
known by the different names of gravity, adhefion, ri- 

hefion, and affinity. 
Gravity is the attraction between bodies fo diftant, 

that the maffes alone influence the refult, and that the 
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power may be conftdered as placed in the centre of the Affinity. ^ 

attracting bodies. T 
Adhesion fuppofes a diftance too fmall for our 

fenfes. It has been demonllrated to be proportional to 
the number of touching points, which depends upon the 

figure of the particles that form the bodies. 
Cohesion takes place only between particles of the 

fame nature. Thefe, inftead of touching only in one 
fuperficies, as in adhefion, touch in every point where 
their figure will allow contaCl; con'fequently the force 

of cohefion alfo muft depend upon the figure of the 

particles. 
Affinity unites bodies of a different nature, not 

merely by one fuperficies, as adhefion does, but particle 
to particle, like cohefion ; and the moft perfect contaCl 
is formed that the figure of the particles will admit. 
Therefore, in this cafe alfo, the intenfity depends upon 

the figure of the particles. ^ 
3. If we make the attempt, we fhall find that water Saturation 

will not diffolve any quantity of common fait that we explained, 

pleafe. Water which refufes to take up any more is 
faid to be fainrated with fait. Neither can we combine 
any quantity of potafs with a given portion of fulphu- 

ric acid : we may add as much of it as we pleafe, in¬ 
deed ; but if we evaporate the liquid, in order to ob¬ 
tain the fait in cryftals, we fhall find that only part of 
the potafs has united with the acid, and that the reft: 
has cryftallized feparately. From thefe examples, it 
muft appear evident, that bodies combine with one an¬ 
other by affinity only in certain proportions; or, which 
is the fame thing, that a determinate number of par¬ 
ticles of each of the ingredients goes to the formation 
of an integrant particle of the compound, and that into 
this integrant no additional particles of either ingredient 
can be admitted. Let us fuppofe, for inftance, that the 
particles of fulphnric acid are tetrahedrons, and that 
the particles of potafs are of fuch a form, that one of 
them can attach itfelf to each of the Tides of the acid 
particle : In that cafe an integrant particle of fulphat 
of potafs would be compofed of five particles, one of 
acid and four of alkali ; for it is evident, that juft four 
particles of potafs would combine with every particle 
of acid, and that the acid would then be faturated, or, 
which is the fame thing, would be incapable of recei¬ 
ving any more alkaline particles into combination with 
it. Let us fuppofe now, that there is juft as much pot¬ 
afs as faturates the acid; if more acid be poured in, it 
cannot enter into combination with the potafs, becaufe 
all the potafs is already combined with acid. 

Thus it appears evident, from the nature of affinity, 
that the ingredients in every combination muft mutual¬ 
ly faturate each other, and that no more of either can 

be 

tional to PM; then let P move towards A, fo as to come to the fituation P', and let the attraction here be P'M'; 

as it is continual during the motion of P to Pf, MM' is a curve line. Now in the cafe of the attraction 
of bodies for one another, PM is lefs than P'M'; and confequently MM' does not ever return into itfelf, 
and therefore it muft go ad infnitvm, having its arc between AB and AC, to which it approaches as 
afymptotes, the abfciffa always reprefenting the diftance, and the ordinate the attraction at that diftance. Let 
p/ now continue its motion to P", and M' will move M" ; and if P" meets A, or the bodies come into perfeCt 
contaCl, P"M7 will be infinite; fo that the attraction being changed into cohefion will be infinite, and the 

bodies infeparable, contrary to univerfal experience; fo that P can never come nearer to A than a given dL 

fiance. Nicholfon’s Journal\ I. 555. 

1 
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be admitted into the compound than what is neceffary clufions, but perfe&ly confident with them ; and confe- 
to produce this faturation. It follows equally, that quently they cannot be admitted as of any force. . 
there can be no union without faturation, except there There is one phenomenon, indeed, which proves, in- 
be a deficiency in fome one of the ingredients: For dependent of thefe conclufions, that thele combinations 

fup poll ns' that there is a fufficient number of particles are a&uaily formed in the manner we have fuppofed, 
of potafs', and that every particle of fulphuric acid re. and which therefore merits particular attention. The 
quires four of them, as before, for faturation, the very phenomena is, that the affinity between the two Ample 
fame caufe that produces the union of one, two, or fubdances is almojl always, greater than that between 
three particles of potafs with a particle of acid, mud the compound and any of its ingredients. The affini- 
produce the union of all the four. ty, for inftance, between azot and oxygen is greater 

Even when there is a deficiency of one of the ingre- than that between nitrous gas and oxygen; and the af- 
dients, faturation mud equally take place ; for thofe finity between nitrous gas and oxygen greater than that 
particles of acid that happen to be neared the alkali between nitrous acid and oxygen : For if nitrous gas be 

mud dill be faturated ; becaufe the affinity of all the mixed with nitric acid, the whole is converted into ni- 
acid particles for alkali was originally equal, and the trous acid ; but no change whatever is produced when 
difference of the didance mud give the fuperiority to nitric and nitrous acids, or nitrous gas and nitrous acid, 
thofe that are neared ; and thofe particles of acid that are mixed : and every fubftance which is capable of 
are once faturated with potafs cannot be deprived of decompofing nitrous gas is capable alfo of decompofing 
it by any of the other particles, otherwife the affinity nitrous and nitric acids ; but many fubdances are capa- 
of fome particles of fulphuric acid for potafs would be ble of decompofing nitrous and nitric acids which have 
orcater than that of others; which is abfurd. no effed upon nitrous gas. In the lame manner, the 

It will no doubt be objected to all this, that there affinity between fulphur and oxygen is greater than that 

are innumerable indances of additional portions of fome between fulphurous acid and oxygen : for when fulphur 
one of the ingredients being received into a compound is mixed with fulphuric acid, the whole is converted 
after faturation, and that fome fubdances feem to be into fulphurous acid ; but no change takes place when 
equally well faturated with different dofes of another, fulphur and fulphurous acid, or fulphurous and fulphu- 
Oxvgen, for indance, combines with azot in three dif- ric acids are mixed together. A great many indances 
ferent proportions, and forms nitrous gas, nitrous acid, of the fame kind might cafily be produced, if thefe 
and nitric acid. The metals, too, form, in the fame were not diffident to edablifh the point. This curious 
manner, different oxides; and a great many indances of fad affords a very ffrong proof that the bafes, as well 
the fame kind occur among the neutral falls. as the quantity of oxygen,, is different in almod all the 

But it ought to be remembered, that the conclufions vegetable acids. Did the tartarous, oxalic, and acetous 
againft which thefe objedions are urged, are confe- acids, for indance, confift of the fame bafe with various 

quences deduced, we think fairly, from a propofition dofes of oxygen ; were the tartarous compofed of the 
which we confider as demondrated, that ajfnity k a bafe and oxygen ; the oxalic, of tartarous acid and 

fpecies of attraSion ( b). Thefe phenomena cannot there- oxygen; the acetous, of oxalic acid and oxygen in 
fore be admitted as valid objedions, except it can be that cafe, a mixture of acetous and tartarous acids ought 

fhewn that they are really Incompatible with thefe con- to form oxalic acid: but that this does not happen, any 

clufions. Now that this is not the cafe, has been (hewn, one may convince himfelf by adual experiment, 
in the mod fatisfadory manner, by Morveau*. Thefe ap- We do not mean to affirm that this fad, though it 
parent exceptions are owing toan affinity which exids be- is certainly very often true, holds in all cafes ; in fome, 
tween the compound as an integrant and one of its ingre- perhaps, the reverfe may be true, though we do not 

dients, and are not indances of various degrees of fatura- recoiled at prefent any indance of that kind. 568 
tion but of the formation of new compounds. According 4. Since the affinity of almod every two bodies for of the 
to this very ingenious idea, which, we believe, fird on. each other differs in Jlrength from that between every ftrength 

ginated with Bergman, and was fird feen in its full ex- other two, it becomes an important problem to deter-*1 
tent by Morveau, we have formerly explained in what mine the Jlrength of every affinity in numbers. The folu- 
manner the various metallic oxides are formed : the fird tion of this problem would give a clearnefs and preci- 
oxide is a compound of the metal and oxygen ; the fe- fion to chemidry equal to that of any other branch of 
cond, of the fird oxide and oxygen 5 the third, of the natural philofophy whatever, and enable it to advance 
fecond oxide and oxygen; and fo on. In the fame with a degree of rapidity hitherto thought unattainable, 
manner we have explained the various combinations of No wonder, then, that this problem has occupied the 

azot and oxygen : and the explanation may eafily be attention of fome of the mod eminent philofophers who 

extended to every other cafe. Thefe apparent objec- have dedicated their time to chemidry.^ 569 
tions, then, are not incompatible with the above con- If the obfervations formerly made, in order to (hew Attempts 

that to afeertam 
it. 

(b) Were any farther proof of this propofition required, we would obferve, that cohefton ads as an antagomft 

to affinity, and may be often rendered fo drong as to prevent affinity from ading with efficacy. 1 hus alumina 
and jargonia, when fufficientlv heated, become infoluble in acids, without undergoing any other alteration than 
that of an increafe of cohefion by their particles being brought nearer each other ; for dedroy this cohefion, 
and they become as foluble as ever. Now it follows from this, that if cohefion be attrciBion, fo mud ajjimty. 
The experiments of Morveau, to be afterwards mentioned, demonftrate,. that adhefion and affinity are proauced 

by the fame caufe : Confequently, if adhefion be attradion, fo mud affinity. 
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that the difference In the ftrength of affinities depends 
upon the different forms of the particles which have an 
affinity for each other, be conclulive, it is evident that 
the certain method of learning the llrength of affinities 
would be to difcover the forms of the par rides of all 
bodies. But no method has hitherto been difcovered 
by which it is poffible of becoming acquainted with the 
figure of the particles of bodies. The experiments in¬ 
deed of the Abbe Hauy (afterwards to be defcribed) 
point out a method by which the primary figure of 
cryftals may be inveftigated with a good deal of plau- 
fibility ; but this leaves the knowledge of the figure of 
the particles which compofe thefe cryftals ftill uncertain. 

As nobody, therefore, has attempted to take this 
road, in order to calculate the ftrength of affinities, let 
us at prefent confider the different methods which have 

been propofed for that purpofe, that we may fee whe¬ 
ther any of them will anfwer the end intended. 

, Wenzel fuppofed that the time taken by one body 
to diffolve another is a meafure of the affinity which 
fubfifts between them. But the hypothecs of that in¬ 
genious philofopher will not bear the teft of examina¬ 
tion ; for the time of folution evidently depends upon 
circumftances unconnected with affinity. The cohefion 
of the body to be diffolved, and the nature of the com¬ 
pound formed, muff; oceafion very great differences in 
the time of folution of different bodies, even on the fup- 
pofition that their affinities were all the fame. 

Fourcroy propofed to meafure the affinity of bodies 
by the difficulty of feparating them after they are com¬ 
bined : but we have no method for meafuring this dif¬ 
ficulty. Lavoifier and De la Place, indeed, propofed 
caloric for this purpofe ; but there are many compounds 
which caloric cannot feparate ; and it never produces a 
reparation except by means of its affinity for one or 
other of the ingredients of the compound. Before ca¬ 
loric, therefore, could be employed as a meafure, it 
would be neceflary to know exaftly the ftrength of its 
own affinity for every other fubftance ; which is juft a 
cafe of the problem to be refolved. 

Macquer fuppofed that the affinity of bodies for one 
another was in the compound ratio of the facility of 
their union and the difficulty of their feparation : But 
as we are in poffeffion of no method of afcertaining ei¬ 
ther of thefe, it is evident that this theory, even allow¬ 
ing it to be juft (which it certainly is not), could be 
of no ufe for affifting us to calculate the force of affi¬ 
nities. 

Another method has been propofed by the diftin- 
guiffied philofophical chemift Mr de Morveau (c). 

In 1713 Dr Brook Taylor made fome experiments 
on the adhefion of furfaces; and concluded from them, 
that the force of adhefion might be determined by the 
weight neceflary to produce a feparation. But in 1772, 
Kefirs La Grange and Cigna, obferving that the fur- 
faces of water and oil adhere together, and taking it 

for granted that thefe two liquids repel each other,’ 
concluded, in confequence, that their adhefion was not 
owing to attraction ; and hence inferred, th^t adhefion, 
in general, is always owing to the preffure of the at- 
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mofphere. This conclufion induced Morveau to exa- Affinity, 

mine the fubjeCt: he found that adhefion was not af¬ 
fected by the preffure of the atmofphere ; for it required 
the fame weight to feparate a difle of glafs (30 lines in 
diameter) from the furface of mercury in the open air, 
and under an exhaufted receiver. He obferved that 
the fame diik adhered to water with a force of 25s! 

grains, and to the folution of potafs, though denfer, 
only with a force of 210. This refult not only proved 
that adhefion was owing to attraction, but made him 
conceive the poffibility of applying this method to the 

calculation of affinities : For the force of adhefion be¬ 
ing -neceffarily proportional to the points of contad, 
and this being the cafe alfo with affinity, it is evident 
that the adhefion and the affinity between the fame fub- 

ftances are proportional, and that therefore the know¬ 
ledge of the one would furniffi us with the ratio of the 
other. 

Struck with this idea, he conftruded cylinders of dif¬ 
ferent metals, perfedly round, an inch in diameter and 
the fame in thicknefs, and having a fmall ring in their 

upper furface, by which they might be hung exadly in 
equilibrium. ' He fufpended thefe cylinders, one after 
another, to the beam of a balance ; and after counter- 
poifing them exadly, applied them to a quantity of 
mercury placed about two lines below them, making 
them Aide along its furface, to prevent any air from 
lodging between them and the mercury. He then 
marked exadly the weight neceflary to overcome their 
adhefion, taking care to change the mercury after 

every experiment. The table of the refults is as fol¬ 
lows : 

Gold adheres to mercury with a force of 
Silver, 
Tin, 
Lead, 
Bifmuth, 
Platinum, 

Zinc, 
Copper, 
Antimony, 
Iron, 

Cobalt, 

The differences of thefe refults cannot 

the preffure of the air, which was the fame in all ;°nor 
do they correfpond to the denfities of the metals ; nor 
can they be owing to accidental differences in the po- 
lifh of the cylinders, for a plate of rough iron adheres 
more ftrongly to mercury than one of the fame diame¬ 
ter exquifitely poliffied ;—but they follow precifely the 
order of affinity, and therefore may be confidered as the 
meafure of the ftrength of the affinity between thefe 
different metals and mercury. They furniffi us alfo 
with a convincing proof that affinity is attraBion, and 
the fame fpecies of attraction with adhefion ; and that 

therefore, if the one be reducible to gravitation, fo muff; 
the other. 

Mr Achard, convinced of the importance of Mr Mor- 
veau’s obfervations, made a great many experiments on 
adhefion, and publiffied the refult of them in 1780. He 

X x proved 

of 446 gr. 
- 429 

4l8 

397 
372 
282 * 
204 
142 

- i 26 
- 
- 8 

: be owing to 

* Morveau, 
Ann de 

Cbim. XXV. 

10, 

(c) Now Mr Guyton : we have ufed the old/iame all along in the text to avoid ambiguity. 
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Affinity, proved that the force of adhefion was not affe&ed by 
-V-' alterations in the height of the barometer, but that its 

force became weaker as the heat of the fluid mcreafed 
(d) ; and that the temperature remaining the lame, the 
force of adhefion increafed in the fame ratio with the 

furfaces of the adhering bodies. He made about 600 
experiments on the adhefion of different folids and fluids, 

proved that the force of adfiefion did not depend on the 

* denfities of the adhering bodies, nor on the different 
cohefive force of the fluids ; and, after a laborious cal- 
culation, concluded that it depended on the gure o 

the particles of the adhering fluid and folid 
Thefe experiments and calculations of Mr Achard 

are certainly of importance ; and we would have given 

them here, had not the obje&s of them been fubftances 
which can furnifh but few data for calculating the torce 

of affinities. . . r 
This method of meafuring the force of affinities .feems 

to be an accurate one, and if it could be applied to 

every cafe of affinity, would, in all probability, ena e 
us to folve the problem which we are now confidermg: 
But, unfortunately, its application is very limited, be¬ 

ing confined to thofe cafes alone in which one of the 
bodies can be prefented in a fluid, and the other in a 
folid flate. Nor can it be applied indiferiminately to 

all thofe cafes ; for whenever the cohefion of any li¬ 
quid is much inferior to the force of its adhefion to any 
folid, the feparation takes place in the particles of the 

liquid itfelf, and confequently we do not obtain the 
meafure of its adhefion to the folid, but of its own co¬ 
hefion, and that, too, imperfeaiy. Thus, for inftance, 
Mr Achard found that fealing-wax adhered to water 

with a force of 92 grains, and to alcohol only with a 
force of c^lths ; yet we know that fealing-wax has a 
greater affinity for alcohol than for water ; became a - 

cohol diffolves it, which water is incapable of doing. 
The difference in the refult in this inftance was evi¬ 

dently owing to the fmaller cohefion of alcohol. Mr 
Morveau’s method muft therefore be confined to thofe 
cafes in which the cohefion of the liquid is ftronger 

than its adhefion to the folid, which may be known 
by the furface of the folid not being moiftened ; and 
to thofe in which the cohefion is not much inferior 

to the adhefion ; for then, it is evident, that the force 
of cohefion will be increafed as the force of adliehon. 

Let us fuppofe, for inftance, that two folids, A and B, 
are made to adhere to the furface of a liquid, and that 
A can only form an adhefion with 50 particles ot the 

liquid, whilft B adheres* to 100 ; it is evident that a 
much fmaller force will deftroy the cohefion of the 50 
particles to which A adheres with the reft of the li¬ 
quid, than what will be required to deftroy the cohe¬ 

fion of the 100 particles united to B with the fame 

* Marveau liquid*. . - 
Mncyc. Ml The method of Mr Morveau, then, may be applied 
tbod. Chim. with accuracy in both cafes ; and when they occur can 
tarr AdA*- t 1 1 . . * 1 1  .,^,4- T* hnw- art. Adbc- 

Jian, 
only be determined by experiment. It cannot, how¬ 
ever, be applied indiferiminately even then ; for unlefs 

the folid and the fluid be prefented in fuch a ftate that 

»  
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no gas k extricated when the adhefion takes place, an Affinity, 

accurate judgment cannot be formed of the force of ad- 1 T v 
hefion. When marble (carbonat of lime), for inftance, 

is applied to the furface of fulphuric acid, there is an 
extrication of gas, which very foon deftroys the adhe¬ 

fion, and prevents an accurate refult. Were it poffible 
to employ quicklime inftead of marble, this would be 
prevented; or if this cannot be accomplifhed, why 

might not lime be employed, united with fome acid that 
wculd not aflume a gafeous form, and at the fame time 

has a weaker affinity than fulphuric acid for lime ? 
Why might not the phofphat of lime, for inftance, be 

ufed, which may be reduced to a ftate of hardnefs fuffi- 
ciently great for the purpofe ? The extrication of gas, 

during the application of metals to the furfaces of acids, 
might be prevented by oxidating their furfaces. It is 

true, indeed, this could not be done with all the metals, 
on account of the nature of the qxide, but it might with 
feveral; copper, for inftance, and filver. It cannot be 
doubted, that by thefe methods, and other contrivances 
that might' be fallen upon, a fufficient number of re- 

fults might be obtained to render this method of the 
greateft importance. It is rather furprifing, therefore, 

that it has never been profecuted. . 574 
Mr Kirwan has propofed another method of folving And Ku> 

the problem. While he was engaged in his experiments wan. 

on the ftrength of acids, he obferved that the quan¬ 
tity of real acid neceflary to faturate a given quantity of 
each of the bafes, was inverfely as the affinity between 
the refpe&ive bafes and the acid ; and that the quan¬ 
tity of each of the bafes neceflary to faturate a given 

quantity of acid was dire&ly as the affinity between the 
bafe and the acid. Thus 100 grains of each of the 
acids require more alkali for faturation than lime, and 
more lime than magnefia, as may be feen in the follow¬ 

ing table : 

100 grains of 

Sulphuric acid 

Nitric acid 
Muriatic acid, 

He concluded, therefore, that the affinity between 

acids and their bafes may be eftimated by the quantity 
of bafes neceflary for faturation. Thus the affinity be¬ 

tween potafs and fulphuric acid is 215, and that be¬ 

tween nitric acid and lime 96 *. ^ 
' We have mentioned formerly, that the principle on Tra*f.i?S$> 
which Mr Kirwan calculated the ftrength of the acids 

was founded on a miftake. It muft follow of courfe, 
therefore, that the numbers which refult from it muft 

alfo be wrong. This Mr Kirwan has acknowledged, 
and feems to have given up all thoughts of afeertain- 

ing the ftrength of affinities by this method. But be¬ 
fore it be abandoned altogether we wiffi the following 

obfervations were confidered. . # 57$ 
Bergman long ago eftablifhed as a principle, under Attempt to 

the name of a chemical paradox, that the Jlronger ^remedy the 

fait was, the left of any other it required for faturation. 

Thus, according to him, 
loo 

Potafs. Soda. Lime. Amm. Mag. Alum.. 

2I5 165 110 90 80 75 

2X5 1 65 96 87 75 65 

215 158 89 79 71 55 

(D) Striftly fpeaking, this is owing not fo much to a decreafe of the force of adhefion, as of that of the co. 

hefion of the fluid itfelf. 
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Affinity. ioo parts of potafs require 78,5 Sulphuric acid, 

"V—' 64 Nitric, 

' 51 >5 Muriatic, 
4 z Carbonic, 

100 parts of foda - - 177 Sulphuric, 

135»5 Nitric, 
125 Muriatic, 
80 Carbonic. 

This propofition, which has been admirably illuftra- 
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ted by Morveau *, evidently refolves itfelf into the two Affinity, 

following : * Zv f 

1. A bctfe requires the more of an acid for faturation jy[e^od. 
the jlronger its affinity for that acid is. CbimX 597. 

2. An add requires the more of any bafe for fatura¬ 
tion the greater affinity it has for that bafe. 

In order to judge of the truth of the firft of thefe pro¬ 
portions, let us examine the following table, drawn up 

from the experiments of Bergman, Wenzel, and Kirwan. 

Bergman. Wenzel. Kirwan. 

100 parts of Sulphuric. Nitric. Muriatic. ! Sulphuric. Nitric. Muriatic. Sulphuric. Nitric. Muriatic. 

Barytes 4 3°>8 

Potafs 78,6 64 5I)5 82,4 io7)7 54 8l,8 87,1 78,2 

Soda *75 *35>5 125 

0
0

 

<N 166,6 83 129,4 136.1 114,2 

r Lime *43>7 *34>4 70,45 i47>74 195,6 103,6 141 180 86 

Magnefia 173,67 *59)25 82,92 l8l,8 257>,5 122,27 170.5 255 104,275 

Ammonia 142,42 201,22 96,25 187.5 233 116 

Alumina 211,11 220,2 77.7 68,7 38,6 1 

It is evident at firft fight, that Bergman’s experi¬ 
ments correfpond exa&ly with the propofition. To fa- 
turate, according to him, 100 parts of potafs, requires 
78,6 of fulphuric acid, 64 of nitric, and 51,5 of mu¬ 
riatic acid. There is only one deviation from the pro¬ 
pofition in the whole table, and this regards barytes, 
which, according to him, is faturated with 15,4 of 
fulphuric and 3c,8 of muriatic acid. But Mr Morveau 
has fhewn, by feveral accurate experiments, that bary¬ 
tes requires much more fulphuric acid for faturation 

* Enc e Bergman fuppofed *. And Klaproth has fhewn, 
Method.* that 100 parts of barytes require 49,2 of ftrongfulphuric 
Cbim. i. 591. acid for faturation f. And Dr Withering’s calculation J 
f Cbim. agrees almoft exa&ly with this ; nor does that of Four- 

17^851U croy differ much from it §. Inftead of 15,4 of fulphuric 

X Phil. acid, therefore, which, according to Bergman, are ne- 
17 84. ceffary to faturate 100 of barytes, it fhould be 42,8. 

§ Ann.de The firft and laft columns of Wenzel and Kir wan’s 
Cbim.iv. 5-exper]ments agree equally well with the propofition, but 

the fecond deviates from it completely. Wenzel pro¬ 
bably might have been milled by the manner of per¬ 
forming his experiments; but the fame objedlion does not 
feem to lie againft thofe of Kirwan. 

It can fcarcely be doubted, however, to whatever 
caufe the error is to be imputed, that the numbers in 
the fecond column of Mr Kirwan’s table are too large. 
The following experiment of Morveau is fufficient to 
fhew this. 

According to Mr Kirwan’s experiments, the propor¬ 
tions of acid and alkali in the four following falts are as 
under: 

Sulphat of potafs {p^ 

Sulphat of lime '°°6 

Nitrat of potafs i 
r (Potafs 83,33 

Nitrat of lime IO° 
£ Dime 34,4. 

Now when fulphat of potafs and nitrat of lime are 
mixed together, a double decompofition takes place, and 
fulphat of lime and nitrat of potafs are formed. Let 
thefe two falts be mixed together ; let the quantity of 
fulphat of potafs be fuch, that the acid contained in it 

amounts to 100; and let a more than fufficient quan¬ 
tity of nitrat of lime be added, to faturate the fulphuric 
acid with lime. It is evident that for that purpofe 80,6 

of lime mu ft be prefent; and the quantity of nitric acid 
combined with thefe 80,6 muft be 234,4. This quan¬ 
tity would require for faturation 195,32 of potafs, but 
there are only 108,7 in the mixture; confequently 
there ought to exift in the mixture, after the mutual 
decompofition of the falts, 64,87 of nitric acid in a ft ate 
of liberty. Such would be the refult, provided Mr Kir¬ 
wan’s numbers were accurate ; but the fadl is, that no 

fuch excefs of acid exifts in the mixture f; and confe-f Ann.de 

quently the quantity of nitric acid contained in nitrat of Cbim. xxw 
lime is ftated too high by Mr Kirwan. Although *95* 
therefore Mr Kirwan’s tables do not coincide with the 
propofition which we are confideriiig, this is not to be 
confidefed as a proof of its falfehood ; as there is rea¬ 

son, from the experiment above defcribed, to fiifpeft 
fome error in the data from which Mr Kirwan calcula¬ 
ted the ftrength of the acids. 

The truth of the fecond propofition may be judged 
of by the following Tables : 

* 

X x 2 According 
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-According to Bergman. 
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Table II. Quantity of Acid neceffary to Saturate 100 Affinity, ^ 

Parts of the fix Bafes. 1,-1 * ^ 

100 parts of Baryt. Po’sfs. Sola. Lime. Magn. 

Sulp. acid 646 127.5 5 <5,5 69.5 578 

Nitric acid 148,4 74.4 74.4 62,8 

Mur. acid 324.7 194 78 141,9 120,5 

Amm. Alum 

42 473 

40 

According to Wenzel. 

100 parts of Byryt. Potafs. Soda. Lime. Magn. Amm. Alum. 

Sulp. acid 120,8 79,16 67,2 55 70,2 128 

Nitricacid 92.7 60 51.1 38,8 49.7 147,8 

Mur. acid 

oc 
cn

 
0

0
 I 19,2 96>5 81,7 103>9 259 

According to Kirwan. 

100 parts of Baryt. PotafV. Soda. Lime. Magn. Amm. Alum. 

Sulp. acid 122,2 77>2 7°>4 57.3 53.3 

Nitricacid I 12 73.8 55.5 39.2 
0

0
 

Mur. acid [68,6 133 112,7 89.9 78.5 

100 parts Suiph. acid. Nitric acid. Mur. acid. 

Barytes 42,8 38.7 3°>8 

Potafs Bl 64 52,9 

Soda 126,7 101,4 79 

Lime *45.7 l34>4 87.5 

Magnefia 176,2 I59>25 105,4 

Ammonia 202,6 182,4 127,25 

It appears that all the table of Bergman agrees with 

the propofition except the numbers which correspond to 
fulphat of foda, fulphat of alumina, nitrat of lime, and 
xnuriat of foda, which the late experiments of Mr Kir- 

wan have fufficiently (hewn to be inaccurate. 
Wenzel’s table correfponds exa&ly, except the co¬ 

lumns under ammonia and alumina, which Morveau has 

proved to be inaccurate. 
Kirwan’s table correfponds exa&ly, except with re¬ 

gard to the quantity of ammonia neceffary to faturate 

muriatic acid, which does not appear to have been ac¬ 

curately determined by experiment. 
Let us therefore take the truth of thefe two propo¬ 

rtions for granted, and let us confider every deviation 

from them as an error ; and let us fee whether they 
will enable us to difcover the abfolute affinity of ful- 

phuric, nitric, and muriatic acids, for their refpediive 

bafes. 

Table I. Quantity of Bafe neceffary to Saturate 100 
Parts of the three Acids. 

The firft of thefe tables reprefents the affinity be¬ 
tween the fame acid and its various bafes ; and the fe¬ 
cund that of the bafes for the different acids. If it were 
required to know the ratios of the affinity which diffe¬ 
rent bafes have for any particular acid? the firft table,, 
fuppofing it accurate, would give it exadlly. In like 
manner, if it were required to know the ratios of the 

affinity of the acids for the various bafes, we would find 

them in the fecond table. . ^ 
But if we wifhed to know what was the affinity be-Andtocon^ 

tween one acid and bafe, compared with that between ftrudt tables 
another acid and a different bafe ; or if we wanted to of affinity, 

have not the relative but the abfolute affinity between 
two bodies—it is plain that we could not find it in either 
of the tables; for the abfolute affinity muff confiff of 

two things, the affinity which the acid has for the bafe, 
and the affinity which the bafe has for the acid. Now 
the firft table gives us the one of thefe, and the fecond 
the other ; fo that in order to reprefent affinity in ab¬ 
folute numbers, the two tables muft be multiplied into 
one another. This was the miftake into which Mr Kir- 
wap fell. His method confifted merely in conftru&ing a 

table like our firft, which (fuppofing the numbers accu¬ 
rate) gave only the affinity between the bafes and the' 
fame acid, but left out the affinity between the different 
acids and the fame bafe; confequently the different co¬ 
lumns could not be compared with each other. 

It is evident, however, that if the tables were multi- 

plied together in their prefent ftate, they could not pof- 
fibly give an accurate table of affinities. For that pur- 
pofe, it is neceffary to put the fame number in the firft 
column of each table, and then to fubftitute other num¬ 
bers in the remaining columns, having the fame ratio to 

one another with the numbers in the original columns* 

This is done in the following Tables ; 

Table I. Patios of the Affinity of fix Bafes for three 
Acids. 

Barytes. Potafs. Soda. Lime. Magn. Amm. 

Sulph. acid 100,00 52.85 33.73 29.27 24^34 21,12 

Nitricacid 100,00 57.43 36,98 28,77 24,28 *9.59 

Mur. acid 100,00 58,11 38,81 35.70 29.94 24.15 

100 parts Baryt. Potafs. Soda. Lime. Magn. A. mm. 

Sulph. acid *33.3 123.3 78,7 68,3 56,8 49.3 

Nitric acid 258.4 148,4 95.6 74.4 62,8 54.8 

Muriat. acid 324.7 188,8 126,1 116,7 97.3 78.5 

Table 
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^!L Table II. Ratios of the /Affinity of three Acids for 

fix Bafes. 

Sulph. acid. Nitric acid. Mur. acid. 

Barytes 100,00 90,42 74*54 

Potafs 100,00 79,01 65,30 

Soda 100,00 80,03 62.35 

Lime 100,00 92,24 60,05 

Magnefia 100,00 9°>34 59,68 

Ammonia 100,00 90,02 62,77 

Table III. Affinity between three Acids and fix Bafes 

in Alfolute Numbers. 
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the fubjeft, for the candour which he has difplayed, t Affinity. ^ 
and for the new rout which he has opened to the che- v r 
mical philofopher. Though this problem has not hi¬ 

therto been folved, and though the difficulties which 
furround it are almoft infurmountable, we may hope 

much from the general fenfe which is at prefent enter¬ 
tained of its importance, and from the zeal and abili¬ 
ties of thofe philofophers who have particularly turned 

their attention to it. 
In the mean time, the following Table of the ftrength 

of affinities by Morveau, though the numbers be arbi¬ 

trary, will be found of very great ufe *. *y[‘tPd 

Chim. 1.773*- 

577 , 
Morveau 3 
table of 
affinity. 

Sulph. acid. Nitric acid. Mur. acid. 

Barytes IOCOO 9042 7454 

Potafs 5285 ' 4537 3794 

Soda 3373 2969 2419 

Lime 2927 2653 2143 

Magnefia 2434 2193 1786 

Ammonia 2112 1763 I515 

On* the fuppohtion that the two proportions men¬ 
tioned above were ftri&ly true, and that the numbers 
which we fixed upon were precifely the quantities of 
acid and bafe neceffary to faturate each other recipro¬ 
cally, this laft table would reprefent accurately in num¬ 
bers the flrength of the affinities of the three acids for 
each of the fix bafes refpedlively. 

We muft acknowledge, however, that the truth of 
thefe propofitions has not hitherto by any means been 
Efficiently proved ; but a great number of fafts concur 
to render them exceedingly probable, and highly wor¬ 
thy of the attention of chemical philofophers. And we 
hope that the method propofed by Morveau, and which 
had been previoufly pra&ifed by Richter, of verifying 
theoretical calculations of the compoftfon of the falts, 
by mixing together two falts which mutually decom- 
pofe each other, and afeertainirig whether the refult 
correfponds with calculation, will be followed out, and 
that it will be the means of enfuring more accuracy 
than it has hitherto been poffibleto obtain. 

No one will fufpedl that any thing which has here 
been faid is meant as a ref e&ion on the ingenious che- 
mifts who have attempted to folve this moft difficult of 
all chemical problems, the proportion of the ingredients 
which enter into the comportion of the falts. Mr Kir- 
wan, in particular, is entitled to the greateft praife for 
the perfevering induftry with which he has profecuted 

Sulph. 
acid 

Nitric 
acid. 

Muriat. 
acid. 

Acetous 
acid. 

Carbonic 
acid. 

Barytes 66 62 36 28 *4 

Potafs 62 Ts~ 32 26 9 

Soda 58 5° 31 25 8 

Lime 54 44 24 19 12 

Ammonia 46 38 21 20 4 

Magnefia 50 .40 22 17 6 

Alumina 40 36 18 15 1 2(d) 

5. Although every chemical combination is produced 
by the fame general law, yet as their phenomena vary 
fomewhat according to circumftances, affinities have, 
for the fake of greater perfpicuity, been divided into 
claffes. Thefe clafles may be reduced to three—Jimple,^^ 

compound, and difpqfivg affinities. claffes of af- 
The frf clafs comprehends all thofe cafes' in which 

only two bodies combine together; as, for in (lance, ful- , 
phuric acid and potafs, oxygen and carbon. The affi-" 
nities which belong to this clafs are known by the name 
of fimple or Jingle affinities* Although one of the fub- 

ftances to be combined happens to be already united 
with another body, the combination is (till reckoned a 
cafe of fingle affinity. Thus fuppofe the fulphuric acid 
previoufly combined with magneiia, and forming with 
it the fait called fulphat of magnefa, as foon as potafs is 
prefented, the acid leaves the earth (which is precipi¬ 
tated), and unites with the alkali. Even when three 
bodies combine, it often happens that the union is pro¬ 
duced merely by fnigle affinity. Thus, when dome poU 
afs is dropped into tartarous acid, part of the acid 
unites with the alkali, and forms tartrite of potafs ; after 
this the remainder of the acid combines with the tar**/ 
trite juft formed, and compofes a new fait known by 
the name of acidulous tartrite of potafs, or tartar. This . 
is evidently nothing elfe than two inftances of fimple 
affinity immediately following each other. 

When more than three bodies are mixed, decomptr-Compound 
iitions and new combinations often take place, whichaBinity,.. 

could 

(d) This table, however, does not correfpond quite accurately to all the phenomena. For inftance, accords 

ing to it, fulphat of barytes is not decompofed by carbonat of foda, although the contrary takes’ place in 
ha. 1 
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Affinity, could not have been produced had the bodies been pre- 

J fented in a different {late. If, for inflance, into a fo- 
lution of fulphat of potafs there be poured nitric acid, 
no decompofition is produced, becaufe the fulphuric 

acid has a flronger affinity for potafs than nitric acid 
has. For the very fame reafon, ammonia may be pour¬ 
ed into the folution without producing any change. 

• But if nitrat of ammonia be poured in, a decompofition 
inflantly takes place, and two new bodies, fulphat of 
ammonia and nitrat of potafs, are formed. Such cafes of 

decompofition form the fecond clafs of affinities. They 
were called by Bergman cafes of double elective attrac¬ 

tion ; a name which is exceedingly proper when there 
are only four bodies concerned. But as there are often 

more than four, it is neceffary, as Mr Morveau has ob- 

ferved, to employ fome more comprehenfive term. We 
(hall therefore call the affinities belonging to this clafs 

compound affinities (e) *, and comprehend under the 
term all fcafes where more than three bodies are prefent, 

and produce combinations which would not have been 
formed without their united a&ion. In thefe cafes the 

affinity of all the various bodies for each other adls, 
and the refulting combination is produced by theadlion 

of thofe affinities which are flrongefl. The manner in 
which thefe combinations and decompbfitions take 

place, was firfl clearly explained by Dr Black. Let 
the affinity between potafs and fulphuric acid be -= 62; 

that between nitric acid and ammonia = 38 ; that be¬ 
tween the fame acid and potafs rt 58 ; and that be¬ 

tween the fulphuric acid and ammonia = 46. Now, 
let us fuppofe that all thefe forces are placed fo as to 
draw the ends of two cylinders eroding one anothei, 

and fixed in the middle in this manner, 

Potafs. Nitric acid. 

( 100 

104 

It is evident, that as 58 and 46 = 104, are greater than 

62 -{- 38 — 100, they would overcome the other for¬ 
ces and fhut the cylinders. Juft fo the affinity between 
potafs and nitric acid, together with that between ful¬ 
phuric acid and ammonia, overcomes the affinity be¬ 

tween potafs and fulphuric acid, and that between nitric 

acid and ammonia, and produces new combinations. 
In all cafes of compound affinity, there are two 

kinds of affinities to be confidered ; if, Thofe affinities 
which tend to preferve the old compound, thefe Mr Kir- 
wan has called quiefeent affinities ; and thofe which tend 
to deflroy them, which he has called divellent affinities. 

Thus, in the inflance above given, the affinity be¬ 

tween potafs and fulphuric acid, and that between ni¬ 
tric acid and ammonia, are quiefeent affinities, which 
endeavour to preferve the old compound ; and if they 
are llrongefl, it is evident that no new compound can 
take place. On the contrary, the affinity between pot¬ 

afs and nitric acid, and that between fulphuric acid and 

S T R Y. Parc II, 
ammonia, are divellent affinities; and as they are in this Affinity, 
cafe llrongefl, they a£lually deflroy the former combi-v 
nations and form new ones. 

Bergman, who publifhed a great many cafes of com¬ 
pound affinities, employed to explain them a method 

fomewhat different from this. He would have repre¬ 
sented the above cafe in the following manner: 

Nitrat of Potafs. 

Potafs. Nitric acid. 

Sulphat of 

Potafs. 

Nitrat of 

^Ammonia. 

Snlph. acid. Ammonia. 

Sulphat of Ammonia. 

At the four corners of an imaginary fquare are placed 
the four fubflances, fo that one acid fhall be diagonally 
oppofite to another. On the right and left fide of the 
fquare are placed the old compounds, each 011 the fide 

of its own ingredients, and above and below are placed 

the new compounds. 
Mr Elliot improved this method of Bergman, by ad¬ 

ding numbers expreffive of the affinity of the various 
fubflances. It is in cafes of compound affinity that 

the ratios of affinities, if we were pofTeffed of them, 
would be peculiarly ufeful. For it is evident, that if 

\ve knew the flrength of affinities in abfolute numbers, 
we would be able to determine before hand all the cafes 

of compound affinity. 
If we knew, for inflance, that the affinity between 

the muriatic acid and barytes were = 36\ that between 
the fame acid and potafs = 32 ; the affinity between 
potafs and carbonic acid = 9 ; and that between the 
fame acid and barytes =14 ;—we would be certain, 
previous even to experiment, that when muriat of bary¬ 

tes and carbonat of potafs are mixed, a double decom¬ 
pofition would take place ; which we know from expe¬ 

riment to be actually the cafe. 

Muriat of Potafs. 

Muriatic 
acid, 

32 Potafs. 

Muriat of 

Barytes, \ 3° 

Carbonat 

9 (45/ofPotafs. 

Barytes, 14 Carbonic 
— acid. 
46 

-v- 
Carbonat of Barytes. 

Another inflance of decompofition by compound 
affinities. 

Sulphat 

(e) Morveau called them affinite par contours* 



Nitrat of 
magnefia. 

Suppofing Morveau’s numbers exa61, it follows alfo, 
even prior to experiment, that no decompofition takes 

place when fulpliat of lime and munat of potafs are 

mixed ; 

Sulphat 

of 
Lime, 

Sulphuric 
acid, 

54 

1 Lime, 

62 Potafs. 

(86 

20 

82 

x 
Muriatic \ 

acid. I 

Muriat 

of 
Potafs. 

for the quiefcent affinities are 86, and the divellent on¬ 

ly 82. . 
Nor when acetite of lime and muriat of loda are 

mixed; 

Acetous acid, 25 Soda. 

Acetite • V Muriat 

of < 
( 19 

28 (47 / ̂ of 

Lime, Soda. 

F Lime, 20 Muriatic 1 
acid. 

45 

When a new compound is precipitated, a nnc ocm 

downwards in the middle is to be placed between it and 

the fquare, as in the following fcheme: 

Sulphat of Potafs. 
-y- 

Sulph. acid, 62 Potafs. 

Sulphat 

of 
Barytes, 

65 

Barytes, 14 

76 

9 (74 

Carbonic 
acid. 

Carbonat 
of 

Potafs* 

58i 

becaufe the quiefcent affinities are 47, and the divellent 
only 45. Thefe cafes where no decompofition takes 
place have been called by Morveau cafes of inver/e com¬ 

pound affinity. 
Morveau has propofed the following improvements in 

reprefenting thefe cafes of compound affinities*. 

*Mdhod When decompofition does not take place, nothing is 
«. to be written above and below the fquare, as in the two 

laif examples. When a new compound remains d 1IT0I— 

ved, a ftraight; line is to be placed between it and the 
fquare, as in the following fcheme. 

Carbonat of Barytes. 

When a new compound is fublimed, the line between 

it and the fquare is to be pointed upwards in the middle. 

When a new compound is partly difTolved and partly 
precipitated, the line placed between it and the fquare 

is to affume the following fhape :-r-- 
When it is partly difTolved and partly fublimed, the 

following is the line to be ufed : v——— 
The third clafs of affinities lias been called by Mr Aiid'difpo- 

Morveau difpoftng affinities, becaufe they difpofe fub-fmgaffinity* 

fiances to combine that would not otherwife have done 
it. Suppofe, for inflance, that fulphur is prefented to 
oxygen gas, it does not manifefl any affinity for it £ 
but combine it previoufly with potafs, and it unites with 
oxygen with avidity. Its previous union with potafs, 
in this cafe, difpofed it to unite with oxygen. The caufe 
of this curious affinity is not yet well underflood. If 
we confider what it was that prevented the fulphur and 
oxygen from combining, we (hall find that it can only be 
its own attra&ion of cohefion, and the affinity between 
the oxygen and caloric which are combined. What¬ 
ever then diminifhes this attra&ion of cohefion, or of 

aggregation as it has been called, mull facilitate the union 
of 
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Affinity. 0f tlic fulphur with oxygen. This is done in fome mea- 

Sure by the potafs. Befides, if affinity depends upon the 
figure of particles, it is evident that there muft be an 
affinity between the new compound and oxygen; but the 
moment the oxygen approaches within a certain diftance 
of the fulphur, it unites with it, as its affinity is much 
greater for that fubftance than for the compound. 

The following is another inftance of this curious affi¬ 

nity : Sugar, as Lavoifier has proved, is compofed of 
oxygen, hydrogen, and carbon : Now if concentrated 
Sulphuric acid be poured upon fugar, the oxygen and 
hydrogen combine, and form water, which unites with 

the acid, and the carbon is precipitated. In this cafe, the 
prefence of the acid difpofed the oxygen and hydrogen 

' to combine. In what manner this new combination is 
produced, it would not be eafy to explain : not by 
weakening the attradftion of cohefion; for we do not fee 

how the acid could produce that effeft. The only ex¬ 
planation that can be given, is to fuppofe that the ful- 

phuric acid, when it approaches within a certain dif¬ 
tance of the oxygen and hydrogen, attracts them ; and 
that this attraction, together with the affinity between 
the oxygen and hydrogen, is greater than that which 

produces the combination between the ingredients of 
the fugar themfelves : the confequence of which mull 
be decompofition. 

Why bo- 6. We come now to one of the molt difficult quef- 
dies requiretioirs in chemiftry—Why do bodies require different 
different temperatures in order to unite ? and why does the pre- 

ture^to fence of caloric in many cafes favour or rather produce 
unite, union, while it prevents or deflroys it in others ? 

Thefe queftions were propofed at the end of the fe- 
cond Chapter of this article ; and we referved them for 
this place, not becaufe we hoped to be able to anfwer 
them in a fatisfa&ory manner, but becaufe no intelli¬ 
gible anfwer could be given till the nature of affinity 

had been previoufly conlidered. Some fubftances, phof- 
phorus for inftance, combine with oxygen at the common 

temperature of the atmofphere; others, as carbon, re¬ 
quire a higher temperature ; "and others, as hydrogen 
and azotic gas, do not combine except at a very high 
temperature. To what are thefe differences owing ? 

In anfwer to this queftion, we obferve, that the at¬ 
traction of cohefion evidently oppofes that of affinity. 
Thofe bodies which we prefent to combine together 

are generally aggregates, or, which is the fame thing, 
confift of many fimilar particles united by cohefion : 
for we have no method of Separating bodies into their 

integrant particles, except affinity. Now we can con¬ 
ceive the attraction of cohefion between the particles of 
a body to be fo great as to prevent them altogether 
from obeying the impulfe of affinity. That this actu¬ 

ally happens in fome cafes cannot be doubted : for if 
pure alumina be formed into a pafte, and heated fuffi- 
ciently, it becomes fo hard that no acid can aCt upon it; 
yet its nature is not in the leaft changed: by proper tri¬ 
turation, it may he again rendered foluble ; and when 
precipitated from this new Solution, it has recovered all 
its original properties. The effeCt of the fire, then, was 
merely to increafe the cohefion, by Separating all the 
water, and allowing the particles to approach nearer 
each other. 

It is evident, that whatever diminifhes the cohefion 
which exifts between the particles of any body, muft 

'tend to facilitate their chemical union with the particles 

of other bodies. This is the reafon that bodies combine Affinity, 
more eafily when held in Solution by water, or when J 
they have been previoufly reduced to a fine powder. 
Now caloric poffeffes the property' of diminifiling co¬ 
hefion. And one reafon why fome bodies require a 
high temperature to caufe them to combine is, that at 
a low temperature the attraction of cohefion is in them 
Superior to that of affinity; accordingly, it becomes ne- 
ceffary to weaken that attraction by caloric till it be¬ 
comes inferior to that of affinity. The quantity of ca¬ 
loric necefiary for this purpofe muft vary according to 
the ftrength of the cohefion and of the affinity'; it muft 
be inverfely as the affinity, and direCtly as the cohefion. 

Wherefore, if we knew precifely the force of the cohe¬ 
fion between the particles of any body, and of the af¬ 
finity between the particles of that body and of any 
other, we could eafily reduce the temperature necefiary 

to calculation. 

That caloric or temperature aCts in this manner can¬ 
not be doubted, if we confider that other methods of 
diminifhing the attra&ion of cohefion may be fubfti- 

tuted for it with fuccefs. A large lump of charcoal, 
for inftance, will not unite with oxygen at fo low a 
temperature as the fame charcoal will do when reduced 
to a very fine powder; and charcoal will combine with 
oxygen at a ftill lower temperature, if it be reduced to 
its integrant particles, by precipitating it from alcohol, 
as Dr Prieftley did by palling the alcohol through 
red hot copper. And to fhew that there is nothing in 
the nature of oxygen and carbon which renders a high 
temperature neceffary for their union, if they be pre- 
fented to each other in different circumftafices, they 
combine at the common temperature of the atmofphere ; 

for if nitric acid, at the temperature of 6o°, be poured 
upon charcoal powder, well dried in a clofe crucible, 
the charcoal takes fire, owing to its combining with 

the oxygen of the acid * : And in fome other Situations « proupan$ 

carbon is fo completely divided, that it is capable of Morveau, 

combining with the oxygen of the atmofphere, or, Encyc Mt- 

which is the fame thing, of catching fire at the com-^^ 
mon temperature. This feems to be the cafe with it in1* 
thofe pyrophori that are formed by diftilling to dry- 

nefs feveral of the neutral falts which contain acetous 
acid f. Thefe obfervations are fufficient to fhew that f Morveau, 

caloric is in many cafes necefiary in order to duninifh*&*4> 
the attraction of xohefion. 

But there is a difficulty ftill remaining, How comes 

it that certain bodies will combine with oxygen with¬ 
out the affiftance of any foreign heat, provided the com¬ 
bination be once begun, though a quantity of caloric 
is necefiary to begin the combination ? and that other 

bodies require to be furrounded by a great quantity of 
caloric during the whole time of their combining with 

oxygen ? Alcohol, for inftance, if once kindled, burns 
till it is quite confumed ; and this is the cafe with oils 
alfo, provided they be furnifhed with a wick. 

We muft obferve, in the firft place, that we would 
err very much, were we to fuppofe that a high tempe¬ 
rature is not as necefiary to thefe fubftances during the 
whole of their combuftion as at the commencement of 

it ; for Mr Monge found, on making the trial, that a 
candle would not burn after the temperature of the air 

around it was reduced below a certain point. 
All fubftances which continue to burn after being 

once kindled are volatile, and they burn the eafier in 
proportion 
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Affinity, proportion to that volatility. The application of a cer- 

tain quantity of caloric to alcohol volatilizes part of it ; 
that is to fay, diminifhes the attraftion of its cohefion 

fo much that it combines with oxygen. The oxygen 

which enters into this combination gives out as much 
heat as volatilizes another portion of the alcohol; which 
combines with oxygen in its turn; more heat is given out; 

and thus the procefs goes on. Oils and tallow exhibit 
the very fame phenomena; only as they are lefs volatile, 
it is neceffary to affift the procefs by means of the ca¬ 

pillary attraction of the wick, which confines the aftion 

of the caloric evolved to a fmall quantity of oil, and 
thus enables it to produce the proper efieft. In fhort, 
then, every fubftance which is capable of continuing to 

burn, after being once kindled, is volatile, or capable of 
being converted into vapour by the degree of heat at 

firfl applied. The reafon that a live coal will not burn 
when fufpended infulated in the air, is not, as Dr Hut- 

* On Light ton fuppofed*, becaufe its light is diffipated; but becaufe 

the coal cannot be converted into vapour by the de¬ 
gree of heat which it contains, and becaufe the cohe¬ 
fion of its particles is too great Vo allow it to combine 
with oxygen without fome fuch change. There are 
fome coals, however, which contain fuch a quantity of 
bitumen that they will burn even in the fituation fup¬ 
pofed by Dr Hutton, and continue to burn, provided 
they be furnifhed with any thing to aft as a wick. It 
is needlefs to add, that bitumen, like oil, is eaiily con¬ 
verted into vapour. 

But this explanation, inftead of removing our diffi¬ 
culties, has only ferved to increafe them : For if ca¬ 
loric only afts by diminifhing the attraction of cohe¬ 
fion, and converting thefe fubftances into vapour, why 
do not all elaftic fluids combine at once without any 
additional caloric ? why do not oxygen and hydrogen, 
when mixed together in the flate of gas, unite at once 
and form water ? and w hy do not oxygen and azot, 
which are conftantly in contaft in the atmofphere, unite 
alfo and form nitrous gas? Surely it cannot he the 
attraction of cohefion that prevents this union. And 
if it be aferibed to their being already combined with 

caloric, how comes it that an additional dofe of one of 

the ingredients of a compound decompofes it ? Surely, 
as Mr Mongc has ob ferved, this is contrary to all the 
other operations in chemiftry. 

That the particles of fluids are not deftitute of an 
attraftion for each other, is evident from numberlefs 
fads. The particles of water draw one another after 
them in cafes of capillary attraftion ; which is proba¬ 
bly owing to the attraftion of cohefion. It is owing 
to the attraftion of cohefion, too, that fmall quantities 
of water form themfelves into fpheres : Nor is this at¬ 
traftion fo weak as not to be perceptible. If a fmall 
plate of glafs be laid upon a globule of mercury, the 

globule, notwithdanding the preffure, continues to pre- 
ferve its round figure. If the plate be gradually char¬ 

ged with weights one after another, the mercury be¬ 
comes thinner and thinner, and extends itfelf in the 

form of a plate ; but as foon as the weights are 
removed, it recovers its globular figure again, and 

pufhes up the glafs before it. Here we fee the at- 
Suppl. Vol. I. Part I. 
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traftion of cohefion» not only fuperior to gravity- Affinity 
tion, but aftually overcoming an external force *. 
And if the workman, after charging fm plate of^L*™*'**’ 
glafs with weights, when he is forming mirrors, hap-p. 543,* 

pen to remove thefe weights, the mercury which had 
been forced from under tin? glafs, and was going to fe- 

parate, is drawn back to its place, and the glafs again 

puffied up. Nor is the attraftion of cohefion confined 

to folids and liquids ; it cannot be doubted, that it ex- 

ids alfo in gafes ; at lead it is evident, that there fub- 

fids an attraftion between gafes of a different kind : 

for although oxygen and azotic gas are of different 
gravities, and ought therefore to occupy different parts 

of the atmofphere, we find them always mixed toge- 
h er ; and this can only be aferibed to an attraftion. 

And were we to allow, with Humbolt and feveral other 
cliemids, that thefe two gafes are chemically combined 
in atmofpherical air, an opinion contradifted by a late 

experiment in France (f); dill the exidence of carbo¬ 
nic acid gas in every part of the atmofphere can only 

be aferibed (if the inaccuracy of the expreffion may be 
tolerated) to a kind of cohefion. . And whoever has 

been accuffomed to pneumatic experiments, mud have 
obferved that fmall portions of air, as well as water, 

form themfelves into fpheres, and that the attraftion of 
cohefion is fo drong in gafes, that large globules of 
them often adhere by a fingle point to the bottom of 
veffels filled with heavy fluids : w hereas, had there been 
no attraftion of cohefion, every part of the globule 

ought to have afeended to the fuifface of the fluid, 
except the particles immediately in contaft with the 

veffel. Allowing, then, that there is an attraftion of 
cohefion between the particles of gafes, let us fe^ whe¬ 
ther that will not affid us in removing the difficulty. <$3 

It feems evident, in the fird place, that the affinity Explained, 
between the bafes of the gafes under coniideration and 
oxygen is greater than their affinity for that dofe of 

caloric which produces their eladic form ; for w hen 

they are combined with oxygen, the fame dofe will not 
feparate them again. Let us take hydrogen for an in¬ 
dance : The affinity of hydrogen is greater for oxygen 

than for the caloric which gives it its gafeous form ; 
but the oxygen is alfo combined with caloric, and there 
exids an attraftion of cohefion between the particles of 
the hydrogen gas; the fame attraftion fubfids between 
thofe of oxygen gas. Now the fum of all thefe affini¬ 
ties, namely,, the affinity between hydrogen and calo¬ 
ric, the affinity between oxygen and caloric, the cohe¬ 

fion of the particles of the hydrogen, and the cohefion 
of the particles of oxygen—is greater than the affinity 
between the hydrogen and oxygen ; and therefore no 
decompofition can take place. Let the affinity between 

Oxygen and caloric be - - . 
Hydrogen and caloric - . - „ *0 

Cohefion of oxygen " “ - - 4 
Cohefion of hydrogen - .... 2 

Sum of quiefeent affinities, - . I0£ 

The affinity of oxygen and hydrogen, - j0c 

The quiefeent affinities being greater than the divellent 
affinities, no decompofition can take place. 

_ Yy Let 

(f) Air brought by means of a balloon from a great height in the atmofphere was found to contain lefs n*v. 
gen gas than the fame quantity of air near the ground. y 
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Let now a quantity of caloric be added to the oxy- 

' gen and hydrogen gas, it has the property of expand- 
ing them, and of courfe of diminifhing their cohefion ; 

while its affinity for them is fo {mail that it may be ne- 
o-le&ed. Let us fuppofe that it diminilhes the cohefion of 
the oxygen i, and of the hydrogen alfo i, their cohefion 

will now be 3 and 1 ; and the quiefcent affinities being 
only 104, while the divellent are 105, the decompofition 

would of courfe take place, and a quantity of caloric 

would thus be fet at liberty to produce the fame effeas 

upon the neighbouring particles. 
Thus, then, caloric ads only by diminifhing cohe¬ 

fion : And the reafon that it is required fo much in 

gafeous fubftances, and in thofe combinations into which 

oxygen enters, is the ftrong affinity of oxygen and the 

other bafes of the gafes for caloric ; for, owing to the 
repulfion which exifts between the particles of that fub- 

tile fubftance, an effed is produced by adding large 
dofes of it, contrary to what happens in other cafes. 
The more of it is accumulated, the Wronger is the re¬ 

pulfion between its particles ; and therefore the more 

powerful is its tendency to fly off: and as this tendency 

is oppofed by its affinity for the body and the cohe- 

fion of its particles, it muff diminifh both thefe attrac- 

tions. 
Though we have thus attempted to explain what has 

been always confidered as one of the moft difficult pro¬ 
blems in chemiflry, we are far from fuppofing that we 

have removed every difficulty. Much Hill remains to 

be done before the adion of light and caloric can be 
fully underftood; and there may be other agents, of 

whofe exiftence we have not yet even conceived the 

idea. . ^ 
One difficulty ftill remains to be examined.. bleat 

not only produces the combination of fome bodies, but 

alfo occafions the decompofition of others. How does 

S T R Y. 
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Caloric 4 Nitric acid 

Boracic acid 55 

q v Nit rat of 

i Potafs. 

Potafs 

Borat of Potafs. 

By the fame compound affinity boracic acid and* 

heat decompofes muriat of foda. 

Muriatic Acid Gas. 

__A_ 

Caloric jo Muriatic acid 

Muriat of 

31 / Soda. 

Boracic acid 24 Soda 

Borat of Soda. 

s it ad in thefe cafes ? 
How heat That many of thefe decompofitions are produced by 

decompofes chemical affinity, will be evident from the following ex- 

bodies. amples. . , 
When fulphur and arfenic acid are expoled to heat, 

* Pelletier. fu}phuret of arfenic is formed * evidently by a kind of 

compound affinity. 

Oxygen Gas. 

Caloric 12 Oxygen i 

f 
€0 

Sulphur jo Arfenic 

-—-v ” 

Sulphuret of Arfenic. 

In the fame manner, when nitrat of potafs and bora¬ 

cic acid are expofed to heat, the nitric acid is volati¬ 

lized, and borat of potafs is left behind. 

> Arfenic 

Acid. 

In the fame manner, it would be eafy to explain how 
all the decompofitions by the dry way> as it is called, 

are produced. 
But how comes caloric to decompofe water after ha¬ 

ving produced the union of oxygen and hydrogen ? 

The union, we have feen, was probably brought about 
by the play of oppofite affinities ; but in the feparation, 
caloric feems to ad by its peculiar power, or the re¬ 
pulfion which exifts between its particles. When ca¬ 

loric combines with an integrant particle of water, this' 
repulfion muft feparate the component'parts fomewhat 
from one another ; confequently it muft weaken their 

affinity ; for every increafe of diftance produces that ef¬ 
fed. Now let us fuppofe that the affinity between 

oxygen and hydrogen is 105, and that the affinity be¬ 

tween caloric and each of thefe bodies is 50: as foon 
as the particles of oxygen and hydrogen are fo far fe- 
parated from each other that their affinity is lefs than 
joo, they will unite with caloric in preference, becaufe 

the fum of their affinities for caloric is equal to 100 ; 
confequently, whenever that takes place water will be 
decompofed. Hence we fee the reafon why more heat 
is always necefiary to produce the decompofition of bo¬ 

dies than what produced their union. 
Caloric pofleffes another fingular property, that of 

changing the compound affinities of bodies, even when 



Part Hi CHE 
Affinity, it does not appear to enter as an ingredient. What we 

u,—r~~ mean will appear evident from the following examples : 
4 Muriat of ammonia, 1 decompofe each other at the 

Carbon at of magnefia, J ordinary temperature of the 
atmofphere, and form muriat of magnefia and carbonat 
of ammonia : but, on the contrary, 

Muriat of magnefia, and 7 decompofe each other at 
Carbonat of ammonia, J a high temperature ; for 

inftance, at 212°. The produds are muriat of ammo¬ 
nia and carbonat of magnefia *. 

A^ain, if muriat of foda and fulphat of magnefia be 
mixed together at a low temperature, for infiance at 
zero, they decompofe each other, and muriat of mag¬ 
nefia and fulphat of foda are formed ; but no decom- 
pofition takes place at a temperature above .3 2°.—Mu¬ 
riat of foda, and fulphat of alumina, exhibit precifely 
the fame phenomena f. 

Laltly, fulphat of magnefia and carbonat of ammonia 
Ann.de ’ decompofe each other at the ordinary temperature ; but 
Chim. xxiii. 212° the carbonic acid flies off, and the remaining 

i Fourcroy fub fiances form a triple fait p 
- J * The laft of thefe phenomena appears owing to the 

affinity between carbonic acid and caloric, and the two 
firfl to the affinity between muriat of ammonia and ca¬ 
loric, for that fait is volatilized. 

It would not be fo eafy to explain the mutual decom- 
pofition of muriat of foda and fulphat of magnefia at a 
low temperature. It is probably connected with the 
alterations in the diftance of the ingredients of chemical 
compounds, which are produced by the prefence and 
abfence of caloric. 

Of Count From the important part which caloric ads in chemi- 
Rumford’s cal combinations, Count Rumford has been lately indu- 
opinion re- ced to fufped that this fubtile fluid is the only agent by 
fpedhng wKiCb they are produced. 

nity* That caloric is a necejfary agent in all chemical de- 
compofitions and new combinations, we very readily al¬ 
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low ; becaufe we know no other caufc except caloric to _ Affinity. ^ 
prevent the particles of bodies from adual contad ; in v ~ 
which cafe decompofition would be impoffible : and if 
this be the fenfe in which that ingenious philofopher 
aferibes chemical combinations to caloric, we very rea¬ 
dily agree with him ; but if he fuppofes that caloric is 
the agent by which the particles of bodies are brought 
near each other, and the force by which they adhere to 
one another, we cannot help thinking that he is mifta- 
ken : For that bodies, chemically combined, are kept 
near each other by fome force, cannot poffibly be de¬ 
nied. Now, what is that force >. We have faid, after 
Newton, an attraction between the particles themfelves ; 
acknowledging, at the fame time, that we are unable to 
explain what that is. 

Count Rumford feems to fuppofe that there is no 
fuch thing as attradion between the particles them¬ 
felves, but that caloric is the agent which keeps them 
together. If fo, how does caloric perform this office ? 
For our part, we do not pretend to ufiderfland it any 
more than the nature of attradion ; nor do we fee that 
it is poffible to render it more intelligible. But there 
is another queftion of flill greater importance, What are 
the proofs that caloric is the only agent in all cafes of 
chemical combinations ? For our part, we can think ot 
no proof that can render this opinion in the fmallett de¬ 
gree plaufible. 

Has this celebrated and candid philofopher confider- 
ed this fubjed with his ufual accuracy ? If heat be a 
body, it cannot furely be the cauie of affinity, unlefs it 
be poUdfed of properties which, fo far from being pro¬ 
ved, have not even been fufpeded. On the contrary, if 
it be a property of matter, what property is it ? If it 
be a peculiar motion, as Count Rumford fufpeds, we 
would afle if it be poffible for any motion whatever, in¬ 
dependent of attradion, to produce the permanent union 
of two bodies ? 

Part III. Of DOUBLY COMPOUND BODIES. 

THE bodies which confifl of combinations of thofe 
fubflances that have been denominated compound, 

and which, for that reafon, we have ventured to call 
doubly compound bodies, may be reduced to three claffes : 

Soaps, 
Neutral falts, 
Hydrofulphurets. 

Thefe fhall form the fubjed of the three following 
Chapters ; and we fhall finifh this part of the article with 
fome obfervations on cryjlallization. 

Chap. I. O/Soaps. 

The compounds into which oils enter without de¬ 
compofition have been denominated foaps. 

Oils are capable of combining with alkalies, earths, 
and metallic oxides ; they are capable alfo of combining 
with feveral of the acids. There are therefore two dalles 
of foaps ; 1. Alkaline, earthy, and metallic foaps, which, 
for the fake of brevity, we fhall call alkaline foaps ; and; 

2. Acid foaps, Thefe two claffes form the fubjed of 
the two following Sedions. 

Sect. I. Of Alkaline Soaps. 

As there are a great number of oils, all or moll of 
which are capable of combining with alkalies, earths, 
and oxides, it is natural to fuppofe that there are as ma¬ 
ny genera of alkaline foaps as there are oils. That there 
are differences in the nature of foaps correfponding to 
the oil which enters into their compofition, is certain ; 
but thefe differences are not of fufficient importance to 
require very particular defeription. We fhall therefore 
deferibe all the alkaline foap3 together, and notice, as 
we go along, fome of the mofl important differences re- 
fulting from the oily ingredients. ^ 

1. Soap of foda, or common foap. The word foap Common 
(faP°< coc7rcjv ) firfl occurs in the works of Pliny and Ga- hard foap] 
leu, and is evidently derived from the old German word 
fepefc). Pliny informs us, that foap was firfl difeo- 
vered by the Gauls ; that it Was compofed of tallow 

Y y 2 and 

( g) Beckmann's Hi/lory of Invcriiicns, III. 239.—A fimilar word is flill ufed by the common people of Scot¬ 

land. 



356 C H E M I 

* Pliny, 

lib. xviii, 
c. 31. 

5*7 
Method of 

Alkaline and afhes; and that the German foap was reckoned the 

SoaP5- bed*. 
Soap may be prepared by the following procefs. A 

quantity of the foda of commerce, which is a carbonat 
of foda, and which is often called barilla from the name 

ivietnoa or a P^antj ky burning which it is procured in great 
forming it! quantities in Spain, is pounded and mixed in a wooden 

veffel, with about a fifth part of its weight of lime, 

flacked and paffed through a fieve immediately before. 
Upon this mixture a quantity of water is poured, con- 

fiderably more than wliat is fufficient to cover it, and 

allowed to remain on it for feveral hours. The lime 

attracts the carbonic acid from the foda, and the water 
becomes drongly impregnated with the pure alkali. This 

water is then drawn off by means of a flop-cock, and 

called the frjl ley. Its fpecific gravity fhould be about 

1,200. 
Another quantity of water is then to be poured up¬ 

on the foda, which, after flanding two or three hours, 

is alfo to be drawn off by means of the flop-cock, and 

called the fecond ley. 
Another portion of water is poured on ; and after 

Handing a fufficient time, is drawn ofF like the other 

two, and called the third ley. 
Another portion of water may flill be poured on, in 

order to be certain that the whole of the foda is diffol- 
ved ; and this weak ley may be put afide, and employ¬ 

ed afterwards in forming the firil ley in fubfequent ope¬ 

rations. 
A quantity of oil, equal to fix times the weight of 

the foda ufed, is then to be put into the boiler, together 
with a portion of the third or weahejl ley, and the mix¬ 

ture mud be kept boiling, and agitated conflantly by 
means of a wooden inflrument. The whole of the third 

ley is to be added at intervals to the mixture ; and after 

it is confurned, the fecond ley mud be added in the 
fame manner. The oil becomes milky, combines with 
the alkali, and after fome hours it begins to acquire 

confidence. A little of the frjl ley is then to be added, 
npt forgetting to agitate the mixture condantly. Por¬ 
tions of the fird ley are to be added at intervals ; the 
foapy fubdance acquires gradually greater confidency, 

and at lad it begins to feparate from the watery part 
of the mixture. A quantity of common fait is then to 
be added, which renders the feparation much more com¬ 

plete. The boiling is to be continued flill for two 
hours, and then the fire mud be withdrawn, and the li¬ 

quor mud be no longer agitated. After fome hours 

repofe the foap feparates completely from the watery 

part, and fwims upon the furface of the liquor. The 

watery part is then to be drawn off; and as it contains 

a quantity of carbonat of foda, it ought to be referved 

for future ufe. 
The fire is then to be kindled again ; and, in order 

to facilitate the melting of the foap, a little water, or 

rather weak ley, is to be added to it. As foon as it 
boils, the remainder of the drd ley is to be added to it 
at intervals. When the foap has been brought to the 
proper confidence, which is judged of by taking out 
fmall portions of it and allowing it to cool, it is to be 
withdrawn from the fire, and the watery part feparated 

from it as before. It is then to be heated again, and a 
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little water mixed with it, that it may form a proper Alkaline 
pade. It is then to be poured into the veffels proper Snaps, 
for cooling it ; in the bottom of which there ought to 
be a little chalk in powder, to prevent the foap from at¬ 
taching itfelf to it. In a few days the foap will have 

acquired fufficient confidence to be taken out, and form¬ 

ed into proper cakes (h). 

The ufe of the common fait in the above procefs is 
to feparate the water from the foap ; for common fait 
has a dronger affinity for water than foap has. 

Olive oil has been found to anfwer bed for making 

foap, and next to it perhaps tallow may be placed : but 
a great variety of other oils may be employed for that 

purpofe, as appears from the experiments of the French 
chemids above quoted. They found, however, that 

lintfeed oil and whale oil were not proper for making 

hardfoaps, though they might be employed with ad¬ 
vantage in the manufacture of foft foaps. Whale oil 

has been long ufed by the Dutch for this lad pur¬ 

pofe. 
Soap may alfo be made without the affidance of 

heat; but in that cafe a much longer time and a larger 

proportion of alkali is neceffary. 

Manufacturers have contrived various methods of fo- 1{s 
phidicating foap, or of adding ingredients which in-cation, 
creafe its weight without increafing its value. The 
mod common fubdance ufed for that purpofe is water5 
which may be added in confiderable quantities, efpecial- 
ly to foap made with tallow (the ingredient ufed in this 
country), without diminifhing its confidency. This 
fraud may be eafily detected, by allowing the foap to 

lie for fome time expofed to the air. The water will 

evaporate from it, and its quantity will be difcovered 
by the diminifhing of the weight of the foap. As foap 
fophidicated in this manner would lofe its water by be¬ 

ing kept, manufacturers, in order to prevent that, keep 
their foap in faturated folutions of common fait ; which 

do not diffolve the foap, and at the fame time, by pre¬ 
venting all evaporation, preferve, or rather increafe, the 
weight of the foap. Meffrs Darcet, Lelievre, and Pel¬ 
letier, took two pieces equal in weight of foap fophidi¬ 
cated in this manner, and placed the one in a dry place 
in the open air, and the other in a faturated dilution of 
common fait. After a month, the fird had lod of 
its weight, the other had gained about T1^ parts *. * Ann. de 

Various other methods have been fallen upon to fophif-Ch'1”1- 

ticate foap; but as they are not, we hope, generally33 * 

known, it would be doing an injury to the public to 

defcribe them here.. ^ 
Different chemids have analyfed foap, in order to af- proportion 

certain the proportions of its ingredients; but the re-of its ingre- 

falt of their experiments is various, becaufe they ufeddieatg* 
foap containing various quantities of water. From the 

experiments of Darcet, Lelievre, and Pelletier, it ap¬ 

pears that foap newly made and expofed to fale con¬ 

tains 

9,75 °!1> 
1,37 Alkali, 
4,87 Water. 

Soap is foluble both in water and in alcohol, Its 

properties as a detergent are too well known to require 

any defcription. 
It 

(h) See the Memoir of Darcet, Lelievre, and Pelletier, in the Ann* de Chim. XIX. 253* 
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Soft foap. 

ty (1) by fulphat of lime, nitrat of lime, muriat of lime, 

'’and probably all the falts which contain lime. 
2. Soap of potafs.—Potafs may be fubftituted for fo- 

da in making foap, and in that cafe precifely the fame 
procefs is to be followed. It is remarkable, that when 
potafs is ufed, the foap does not affume a folid form ; its 

confiHence is never greater than that of hog’s lard. 
This is what in this country is called foft foap. Its pro¬ 
perties as a detergent do not differ materially from thofe 
of hard foap> but it is not nearly fo convenient for ufe. 
The alkali employed by the ancient Gauls and Ger¬ 
mans in the formation of foap was potafs: hence we fee 

the reafon that it is defcribed by the Romans as an un¬ 

guent. 
Some perfons have alarmed that they knew a me¬ 

thod of making hard foap with potafs. Their method 
is this: After forming the foap in the manner above 
defcribed, they add to it a large quantity of common 
fait, boil it for fome time, and the foap becomes folid 
when cooled in the ufual way. That this method may 
be pra&ifed with fuccefs has been afcertained by MefTrs 

Darcet, Lelievre, and Pelletier; but then the hard foap 
thus formed does not contain potafs, but foda: for when 
the common fait (muriat of loda) is added, the potafs 
of the foap decompofes it, and combines with its muri¬ 
atic acid, while at the fame time the foda of the fait 
combines with the oil, and forms hard foap : and the 
muriat of potafs formed by this double decoinpofition is 
diffolved in the water, and drawn off along with it*. 

Chaptal has lately propofed to fubftitute wool in 
place of oil in the making of foap. The ley is formed 
in the ufual manner, and made boiling hot, and fhreds 
of woollen cloth of any kind are gradually thrown into 
it; they are foon diffolved. New portions are to be 
added fparingly, and the mixture is to be conftantly a- 
gitated. When no more cloth can be diffolved, the 

■f Ibid. xxi. foap is madef. This foap is faid to have been tried with 
a7* fuccefs. It might doubtlefs be fubftituted for foap with 

advantage in feveral manufactures, provided it can be 

obtained at a cheaper rate than the foaps at prefent 
employed. 

Fi{h, too, have been lately fubftituted for oil with 
equal fuccefs. The only difadvantage which foap made 
in this manner is liable to, is a difagreeable fmell, from 
which it cannot eaftly be freed. 

3. Soap of ammonia.—This foap was firft particular¬ 
ly attended to by Mr Berthollet. It may be formed 
by pouring carbonat of ammonia on foap of lime. A 
double decompofition takes place, and the foap of am¬ 
monia fwims upon the furface of the liquor in the form 
of an oil; or it may be formed with ftill greater eafe by 
pouring a folution of muriat of ammonia into common 
foap diffolved in water. We have formed it often by 

| 'Berthollet, mixing cauftic ammonia and oil J. 
Mem. Par. It has a more pungent tafte than common foap. 
3780, or^ Water diffolves a very fmall quantity of it; but it is 

journal'll ea% diffolved in alcohol. When expofed to the air, 
170 ’ it is gradually decompofed. 

592 4. Soap of lime.—This foap may be formed by pour- 

bme in£ ^me'water into a folution of common foap. It is 

* Ann. de 

Cbim. xix. 
3*2. 

S9i 
Soap of 
ammonia. 
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infoluble both in water and alcohol. Carbonat of fixed Alkaline 

alkali decompofes it by compound affinity *. It melts , 

with difficulty, and requires a ftrong heat. * Thouveneh 
5. Soap of magnefia.—This foap may be formed by 593 

mixing together iolutions of common foap and fulphat Soap of 
c r mafrnelia, 

ot magneha. # * 

It is exceedingly white. It is un&uous, dvfes with 

difficulty, and preferves its whitenefs after deficcation. 

It is infoluble in boiling water. Alcohol and fixed oil 

diffolve it in confiderable quantity. Water renders its 

folution in alcohol milky. A moderate heat melts it; 

a tranfparent mafs is formed, {lightly yellow, and very 

brittle *]'. f Berthollet} 
6. Soap of alumina.—This foap may be formed by *bid. 

mixing together folntionsof alum and of common foap. of ah?ml-»- 

It is a flexible foft fubftance, which retains its fupple-na> 

nefs and tenacity when dry. It is infoluble in alcohol, 

water, and oil. Heat ealily melts it, and reduces it to 

a beautiful tranfparent yellowifh mafs J. \ Mid. 

7. Soap of barytes refemblcs almoft exa&ly the foap Qf^rytes 

of lime §. . 5 Ibid.1 3 

8. Soap of mercury.—This foap may be formed by 596 
mixing together a folution of common foap and of cor- Of mercu* 

rofive muriat of mercury. The liquor becomes milky, 

and the foap of mercury is gradually precipitated. This 

foap is vifeid, not eafily dried, lofes its white polour 

when expofed to the air, and acquires a Hate colour, 

which gradually becomes deeper, efpecially if expofed 

to the fun or to heat. It diffolves very well in oil, but 

fparingly in alcohol. It readily becomes foft and fluid 

when heated ||. \\ Ibid, 

9. Soap of zinc.—This foap may be formed by mix- 

ing together a folution of fulphat of zinc and of foap. 1 L> 

It is of a white colour, inclining to yellow. It dries 

fpeedily, and becomes friable^. \Ibtd. 

10. Soap.of cobalt.—This foap, made by mixing of cobalt, 

trat 0/ cobalt and common foap, is of a dull leaden co¬ 

lour, and dries with difficulty, though its parts are not 

conne&ed. 599 

Mr Berthollet obferved, that towards the end of the Of nickel, 

precipitation there fell down fome green coagula, much 

more confident than foap of cobalt. Thefe he iuppo- 

fed to be a foap of nickel, which is generally mixed 

with cobalt*- _ 

I i. Soap of tin.—It may be formed by mixing com-Qftin 

mon foap with a folution of tin in nitro-muriatic acid. 

It is white. Heat does not fufe it like other metallic 

foaps, but decompofes it f. t IM& 
12. Soap of iron. — Formed by means of fulphat ofq£-^ 

iron. It is of a reddiftv brown colour,.tenacious, and 

eafily fufible. When fpread upon wood, it links in and 

dries. It is eafily foluble in oil, efpecially of turpentine. ^ 

Berthollet propofes it as a varnifhj. 

13. Soap of copper.—Formed by means of fulphat 

of copper. It is of a green colour, has the feel of a 

refin, and becomes dry and brittle. Hot alcohol ren¬ 

ders its colour deeper, but fcarcely diffolves it. Ether 

diffolves it, liquefies it, and renders its colour deeper and 

more beautiful. It is very foluble in oils, and gives §72*/. 

them a pleafant green colour §. Oftead 

14. Soap of lead.—It may be formed by means of 9 

acetite 

602 
Of copper, 

(1) In this and the following chapter, compound affinity is not taken always in its ftri& and proper fenfe, but 

is applied to all thofe decompofitions in which the affinities of more than three bodies alt* 
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t ft /e when heated. 
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of gold, 
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It is white, tenacious, and very adhe- 

When fufed, it is transparent, and 

$ iiid. 
606 

And of 

heap of filver.—It may be formed by means of 

nitrat of filver. It is at firft white, but becomes red- 
difti by expofure to the air. When fufed, its fur face 

becomes covered with a very brilliant iris; beneath the 

furface it is black -f. 
16. Soap of gold.— It is at firft white, and of the 

confidence of cream. It gradually affumes a dirty pur¬ 

ple colour, and adheres to the fkin fo that it is difficult 

to efface the impreffion 

17. Soap of inanganefe.—It is at firft white, but it 

affumes in the air a reddifh colour, owing evidently to 

margane c. ^ abforption of oxygen. It fpeedily dries to a hard 

brittle fubftance, and by liquefaction affumes a brown 

§ Ibid. blackifh colour§. 

We owe the following refinous foaps to Mr Me- 

607 za,’7e* 

Soap of tur- 18. Soap of turpentine and potafs.—576 grains of 

pentine ai d turpentine were diffolved in 9216 grains of alcohol, and 

potafe. then grains of potafs were added. The alcohol 

was diftilled off at a boiling water heat. There remain¬ 

ed in the retort 648 grains of a browniffi foapy matter, 

which whenfpread on glafs appeared tranfparent. There 

remained alfo nearly the fame quantity of potafs diffol¬ 

ved in water. This foap was put in a veffel for fix 

weeks ; during which time 72 grains of folution of pot¬ 

afs feparated from it. It had affumed the confidence 

of honey. Its colour was browner. It was completely 

foluble in water : the folution was milky. It diffolved 

alfo in alcohol. It had no difagreeable tafte. Vinegar 

608 decompofed it. 

Soap of 19. Soap of benzoin and potafs.—By treating 9216 

benzein, grains of alcohol, 1728 grains of benzoin, and 576 

grains of potafs, as above, 1728 grains of a foap were 

obtained, browner than that of turpentine, of an odour 

a little aromatic. When left in a cellar for fix weeks, 

it became folid. Its folution in water was yellowifh. 

' Vinegar decompofed it. This compound is the fame 

with Starkey’s foap. 

20. Soap of balm of Peru and potafs—1152 grains 
609 

Of balm of 
Peru, 
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of balm, 2304 grains of potafs, and 9216 grains of al¬ 

cohol, produced a foap of a reddiffi colour, and pretty 

confident. 

Of euaiac 21 * S°aP guaiac an<* potafs.—17 2$ grains of guai- 
S ’ ac was diffolved in 18648 grains of alcohol, and the fo¬ 

lution filtered, and to this 1728 grains of potafs were 

added, and the foap obtained as above. It was folid, of 

a brown colour at firft, which afterwards became green 

on the furface, but remained unaltered within. Its fo¬ 

lution in water was greenilh. It had no difagreable tafte. 

It diffolved in alcohol, and formed a green tin&ure. Vi¬ 

negar decompofed it. 

22. Soap of fcammony and potafs.—By the above 

Tcammony. procefs a foap was obtained with fcammony pretty con¬ 

fident, of a brown colour, foluble in water, and not de¬ 

compofed by the water of pits from which lelenites is 

obtained. It has no difagreeable tafte. Its folution in 

alcohol is of a deep amber colour ||. 

Sect. II. Of Acid Soaps* 

Sulphuric acid may be combined with oils in the 

forrffir^0^ manner : But two ounces of it into a glafs 
acidfoaps. mortar, and add, by little and little, three ounces of the 

611 
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oil nearly boiling hot, triturating it conftantly. A fub- Acid 

dance is obtained of the confiftence of turpentine. Dif-t Soal)St 

folve it in about fix ounces of boiling water, and the v 

foap will unite into a mafs as the water cools If it 

dill contain an excefs of acid, diffolve it again in boil¬ 

ing water, and continue this procefs till the foap is per¬ 

fectly neutralized. 5^ 

1. Soap of fulphuric acid and lintfeed oil.— It dif-Acid foap 

folves entirely in water. The folution is opaque, of a of lintfeed 

bluifii white colour, vifeid, and frothes when agitated. 

Alcohol diffolves it. The folution is tranfparent and 

brown. Potafs decompofes it, forming fulphat of pot¬ 

afs. The oil fwims on the top, of the confidence of 

wax. Ammonia decompofes it; and if too much be 

added it forms foap of ammonia. Magnefia, lime, ni- 

trie acid, and muriatic acid, alfo decompofe it. Diftilled, 

it yielded a few drops of water and an oil, which coagu¬ 

lated, and was of the confiftence of wax. £I4 

2. Soap of fulphuric acid and oil of almonds.— So-Of almond 

luble in water ; folution milky. Frothes. Soluble in oil. 

alcohol; folution brown and tranfparent. Potafs, lime, 

nitric acid, muriatic acid, fulphurous acid (the oil fepa¬ 

rated affumed the confiftence of turpentine), tartar, aci¬ 

dulous oxalat of potafs, fal ammoniac, muriat of lead 

and zinc decompofe it. It is not decompofed by vi¬ 

negar, boracic acid, acetite of ammonia, borax, copper, 

tin, nor lead. When diftilled, there paffed over a little 

water and an oil, which coagulated and fmelt very ran¬ 

cid : there remained behind a coal. 

3. Soap of fulphuric acid and olive oil.—It is brown, Of olive 

and of the confiftence of wax. Solution in hot water 0ll» 

white, opaque, vifeid ; frothes. Solution in alcohol 

tranfparent and brown. Potafs, ammonia, magnefia, 

nitric acid, muriatic acid, vinegar, nitre, fal ammoniac, 

acetite of lead and white oxide of lead, decompofe it.. 6l$ 
4. Soap of fulphuric acid and butter of cocao.—It is Of butter 

hard, and marbled like Venice foap. Solution in water of cotao, 

grey, opaque, vifeid; frothes. Solution in alcohol yel¬ 

low and tranfparent. Potafs, ammonia, nitric, muriatic, 

and acetous acids, tartar, fal ammoniac, tartrite of pot¬ 

afs, acetite of lead, and zinc in powder, decompofe it. 

When diftilled, there came over water, an oil that coa¬ 

gulated, and a few drops of a black oil, which alfo con¬ 

gealed : both were rancid. # # <517 

5. Soap of fulphuric acid and wax.—It is white, and of wax, 

becomes very hard. Its folution iu water is white, and 

opaque, and frothes: Its folution in alcohol is yellow 

and tranfparent. Potafs, ammonia, nitric and muriatic 

acids, decompofe it. _ 618 

6. Soap of fulphuric acid and fpermaceti.— It isOffpermfc* 

brown. It diffolves in water: the folution is milky,cetl> 

vifeid, and frothes on agitation. It diffolves in alcohol; 

the folution is tranfparent and yellow. It is decompo¬ 

fed by as much alkali as faturates the acid : if more be 

added, it unites with the oil, and forms a new foap. 

Lime and magnefia decompofe it. The oil is alfo fe¬ 

parated, and appears in the form of a coagulum on add¬ 

ing to the folution nitric acid, muriatic acid, tartar, 

nitre, nitrat of foda, common fait, and zinc in powder; 

but not on adding vinegar, tin, lead. # <^9 

7. Soap of fulphuric acid and oil of eggs.—Its folution Of oil of 

in water is white, opaque, vifeid; frothes: that in alco-eSS3» 

hoi yellow and tranfparent. Alkalies decompofe it , 

but if too much be added a new foap is formed. Nitric 

and muriatic acids feparate the oil of the confiftence of 
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Salts, fal ammoniac, acetite of lead, iron filings, zinc powder, 
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lai aminomdt, ? . °n , * 
' decompofe it; vinegar, borax, filings of lead do not. 

To unite this acid with the eilential oils, three ounces 

were put into a glafs mortar, and four ounces of the 
oil were added drop by drop, and care taken to pre¬ 
vent its becoming hot: equal parts of water were then 
poured on, and the whole heated fiowly nearly to the 

temperature of boiling water: on cooling, the loap 

united into a brown mafs. # 
8. Soap of fulphuric acid and turpentine. It is brown, 

and of the confidence of foft wax. Its folution in wa* 

ter is grey, opaque, vifeid ; frothes: Its folution in al¬ 
cohol is brown and tranfparent. Alkalies decompofe it: 
with too much it f*rms at the boiling heat a new ioap. 

Nitric and muriatic acids feparated the oil thicken¬ 

ed, as did alfo white oxide of lead, muriat of lead, mu- 
riat of foda and iron filings ; but acetous acid, boracic 
acid, tartrite of potafs, and tin filings, produced no fuch 

effeft. r r 1 • 
9. Soap of fulphuric acid and amber oil.—Its folution 

in water and alcohol as in the laft foap. Alkalies, mag- 
nefia, and lime, decompofed it. Nitric and muriatic acids 
feparated the oil of the confidence of wax. 1 artar, ial 
ammoniac, muriat of antimony, acetite of lead, iron 
filings, decompofed it; vinegar, acetite of ammonia, 

and lead did not. 
Mr Achard, to whom we owe thefe foaps *, could 

not fucceed in his attempts to form foaps with nitric 

and muriatic acids. 

Chat. II. Of Neutral Salts. 

Saif ex- The word.M has been ln chemi*ftl7 in a veT7 
plained. extenfive, and not very definite fenfe. Every body 

which is fapid, eafily melted* foluble in water, and not 

combuftible, has been called a fait. 
Salts were confidered by the older chemifts as a clafs 

of bodies intermediate between earths and water. Many 

difputes arofe about what bodies ought to be compre¬ 
hended under this clafs, and what ought to be excluded 
from it. Acids and alkalies were allowed by all to be 
falts; but the difficulty was to determine concerning 
earths and metals. Several of the earths poffefs all the 
properties which have been aferibed to, falts ; and the 
metals are capable of entering into combinations which 
poffefs fal in e properties. It is needlefs for us to enter 
fnto this difpute at prefent, as we have taken the liber¬ 
ty, in imitation of fome of the bed modern chemifts, to 
expunge the clafs of falts altogether, and to arrange 
thofe fubordinate claffes, which are ufually referred to. 

it, under diftindi heads. 
Neutral fait The word neutral falt was originally applied exclu- 
fixpiained. fively to combinations of acids and alkalies, which were 

confidered as fubftances pofteffing neither the properties 
of acids nor alkalies, but properties intermediate between, 

the two. But the word is now always taken in a more 
extenfive fenfe, and fignifies all compounds formed by 
the combination of acids with alkalies, earths, or metal¬ 

lic oxides. In thefe compounds, the earth, alkali, or 
oxide, is denominated the bafe. Each order of falts is 
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denominated after the acid which enters into its eompo- Sulphat^ 

fition ; and every individual fait is diftinguiffied by 

joining the name of its bafe. Thus all the falts into 
which fulphuric acid enters are called fulphats, and the 

fait formed by the combination of fulphuric acid and 

potafs is called Julphat of potafs. 
It is evident, then, that there muft be as many orders of 

neutral falts as there are acids ; and as many falts in each 
order as there are alkalies, earths, and metallic: oxides, 
fuppofing every acid capable of combining with every 

one of thefe fubftances. But befides thefe fimple com¬ 
binations of one acid and one bafe, there are others more 
complex, compofed of two acids combined with one 
bafe, or two bafes combined with one acid, or a neutral 
fait combined with an acid or a bafe. Thefe combina¬ 

tions have been called triple falts; and they increafe the 

number of neutral falts very confiderably. 
In the following fedions we fhall take a fhort view 

of the properties of the principal neutral falts at pre¬ 
fent known ; for this wide and important region of che- 

miftry is ftill very far from being completely explored. 

Sect. I. Of Sulphats. 

Sulphuric acid is capable of combining with all the 

alkalies, with alkaline earths, alumina, jargonia, and 
the greater number of the metallic oxides. The prin¬ 
cipal neutral falts which it forms are as follows: 6*4 

1. Sulphat of potafs,.—This fait may be formed bySnlphatel* 

faturating diluted potafs with fulphuric acid, and thenPl tafs ‘ 
evaporating the folution gently till cryftals are formed. 
It feems to have been known at a very early period by 
chemifts, and a great variety of names were given to it, 
according to the manner of forming it, or the fancy of 

the operator. Some of thefe names were, fpecificum 
purgans, nitrum fxitm, arcanum duplicatum, panacea hoi- 

faticay fal de duobus, fal polychrejl glafen, &c.; but it 
was commonly known by the name of vitriolated tartar 
till the French chemifts called it fulphat of potafs, when 
they formed their new nomenclature in 1787 (k).< 

When the folution of fulphat of potafs is fufficiently \t9iproper- - 
diluted, it affords by evaporation hexahedral pyramids, ties, 

or fliort hexangular prifms, terminated by one or more 
hexangular pyramids. But thefe cryftals vary much in 
their figure, according to the care with which they are . 

prepared. 
It. has a very difagreeable bitter tafte. Its fpecific' 

gravity is 2,298*. # . * Brffin.’- 
It is foluble in the.temperature of 6o° in 16 times 

its weight of water; in a boiling heat, it is foluble in 5 

times its weight f. # f Bergman 
According to Bergman, it is compofed or 40 parts 

of acid, 52 parts of alkali, and 8 of water; but accord¬ 
ing to Kirwan, whofe experiment has been already de- 

feribed, it is compofed of 4.5 Parts acid and 55 of 

alkali. 
It fuffers no alteration in the air. 
When placed upon burning . coals, it breaks into 

pieces with a noife refembling^a number of fmall explo- 
fions fucceeding each other at fhort intervals ( l), but 
fuffers no other alteration. In a red heat it melts. 

It has hitherto been applied to little ufe. It is a* 

___ purgative*. 

(,k) Bergman called it alkali vegetalile vitriolatam, and Morveau vitriol of potafs. - 

{ l) This is called decrepitation. 
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Sulphate purgative, but its difagreeable tafle prevents it from 

being much employed for that purpofe. 
It often has an excefs of acid, owing, as Mr Berg¬ 

man and Morveau have very ingenionfly explained, to 

an affinity which exifts between this fait and fulphuric 
acid. 

It is decompofed by compound affinity by the fol¬ 
lowing falts : 

* Kir wan. 

t 
% Bergman. 
§ Id. 
|| Fuels y 
Ann.de 

Hthim. vL 
19. 
^ Ann. de 

Chim. x. 40, 
6x6 

Sulphat of 
foda. 

Nitrat of foda(ivi), 
■ lime, 

barytes*, 
ftrontites f, 

ammonia, 
magnefia, 
mercury, 

Nitrat of filver, 
-lead, 

Acetite of barytes, 
Muriat of lime J, 
-lead 

—- magnefia? 
foda I 

fb 
Tran/. XV. 

I Seleele. 

6»7 
Sulphat of 
ammonia. 

Nitrat of lime, 
-magnefia, 

Muriat of potafs, 
-foda, 
-magnefia, 
-lime f, 

3. Sulphat of ammonia.- 

Acetite of barytes, 

-potafs, 
--lime, 

Carbonat of barytes, 

--potafs. 

S T R V. 
It has a fharp bitter tafte, 

It is foluble in twice its own weight of water at the 
temperature of 6o°, and in its own weight of boiling 

Part nr. 
Affinity. 

It is fometimes luminous in the dark, as Mr Giobert 
has obferved ^[. v 

. 2. Sulphat of foda.—This fait was fir ft difeovered by 
Glauber a German chemift, and for that reafon was 

long known by the name of Glauber's fait. He him- 

felf called it fal miralile. It may be prepared by fa- 

turating foda with fulphuric acid, but is more ufually 
obtained by decotnpofing common fait in order to pro¬ 
cure muriatic acid. 

Its cryftals are tranfparent, and when formed by flow 

evaporation, are fix-fided prifms terminated by dihedral 
fummits. 

Its tafte at firft has fome refemblance to that of com¬ 

mon fait, but foon becomes very difagreeably bitter. 

It is foluble in 2,67 times its weight of water at the 
temperature of 6o°, and in 0,8 of boiling water. 

It is compofed, according to Bergman, of 27 parts 
of acid, 15 of alkali, and 58 of water; but, according 

to the experiments of Kirwan, of 22 parts of acid, 17 
of alkali, and 61 of water. 

When expofed to the air, it lofes great part of its 
water, and falls into a white powder (n). 

When expofed to heat, it firft undergoes the watery 

fufton (o), then its water is evaporated, it is reduced 
to a white powder, and at laft in a red heat it melts. 
Mr Kirwan has obferved, that part of the acid, as well 
as the water, is driven off by the application of a ftrong 

heat *. 
This fait is ufed as a purgative. 
It often combines with an excefs of acid. 

It is decompofed by compound affinity, by the fol¬ 
lowing fubftances: 

Nitrat of lime, 
■ —-magnefia, 

■ -mercury? 
Muriat of potafs, 

-foda, 
-barytes, 
-lime, 

--magnefia, 

-mercury*, 
Acetite of potafs, 

4. Sulphat of barytes.— 
covered by Scheele. 

■This fait was difeovered 
by Glauber, and called by him Jecret fal ammoniac. It 

was alfo called vitriolated ammoniac, it may be prepa¬ 
red by Saturating ammonia with fulphuric acid. 

Its cryftals are generally fmall fix-fided prifms, whofe 

planes are unequal, terminated by fix-fided pyramids. 

water. 

According to Mr Kirwan, it is compofed of 29,7 of 

alkali, 55,7 of fulphuric acid, and 14,16 of water *. * Irijh 

When expofed to the air, it flowly attra£Is moifture. Tra*f ihij, 

When heated, it firft decrepitates) then melts, and in 

dofe veffels fubKmes, but with fome lofs of its alkali f. + Kir-wan'* 

It has not hitherto been applied to any ufe. Mineral. 

It is apt to contain an excefs of acid. “ v 

It is decompofed by compound affinity by the fol¬ 
lowing falts : 

Acetite of foda, 

-barytes, 
-lime) 

-magnefia, 
Carbonat of potafs, 
-foda, 

-— barytes, 
“-lime, * Bergman*! 

-magnefia, 
Phofphat of lime f Delkefkamp 

This fubftance was firft dif- cihnfvi. 
It abounds in nature. It is ge-37. 

nerally in the form of a hard, very heavy, ftone. 62S 
It is fometimes found cryftallized ; but the variety of Sulphat °f 

forms is fo great that they baffle all defeription. barytes* 

It is foluble in 43,000 times its weight of water at 
the temperature of the atmofphere ||. || Kirwan s 

Sulphuric acid diffolves it when concentrated and^^i* 
boiling, but it is precipitated by the addition of wa-136* 
ter. 

When expofed to heat it melts, and, if the heat be 
very ftrong, gradually diffipates. . 

After being heated red hot, it has the property offi logna 
being luminous in the dark. This was firft obferved ftone. 
in a variety of this fubftance known by the name of Bo¬ 
logna ftone. Lemery informs us, that this property 
was firft difeovered by an Italian fhoeinaker named Vin¬ 
cenzo Cafeiarolo. This man found a Bologna ftone at 
the foot of Mount Paterno, and its brightnefs and gra¬ 
vity made him fuppofc that it contained lilver. Plaving 
expofed it to the fire, doubtlefs in order to extrad from 
it the precious metal, he obferved that it was luminous 
in the dark. Struck with the difeovery, he repeated 

the experiment, and it conftantly fucceeded with him. 

From an experiment of* Mr Klaproth, it appears to 
be compofed of 33 parts of acid and 77 of barytes. 

It is decompofed by compound affinity by the fol¬ 
lowing falts : 

Nitrat of foda, Nitrat of magnefia, 

—- lime, Carbonat of potafs, 
-ammonia,-foda* 

5. Sulphat of lime.—This fubftance was well known 
to the ancients under the name gypfum; but 
compofition of gypfum was not known till Margraf 
and Macquer analyfed it, and proved that it was com¬ 

pofed of fulphuric acid and lime. The artificial com. 

_ pound 

Afsivelius. 
6 30 

t|lc Sulphat of 
lime. 

(m) Moft of thefe double decompofitions in this and the following fe&ions are inferted on the authority of 
Morveau. See his Table of Affinity, page 360 of this article. 

(n) This is called ejflorefcing. 

(o) When fubftances melt by means of the wat^r they contain on the application of heat, they are faid to 
undergo the watery fufton. 
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Sulphate pound formed by the union of thefe two bodies was for- 

—- inerly called feleniie* 
It is found cryftallized in various forms, fometimes 

tranfparent and fometimes opaque ; and when pure it is 
of a wjhite colour. 

It has a flightly naufeous tafte, fcarcely perceptible 
except by drinking a glafs of water impregnated with 

Macquer. it 

It is foluble in ^*oo parts of water at the tempera¬ 
ture of 6o°, but much more foluble in boiling water. 

It is compofed, according to Bergman, of 46 parts 
of acid, 32 of earth, and 22 of water: according to 
the late experiments of Mr Kirwan, when fo far dried 

as ftill to retain its glafty appearance, it contains 48 of 
acid, 34 of earth, and 18 of water ; which differs very 
little from the determination of Bergman. 

It is not affedled by expofure to the air. 
It is foluble in fulphuric acid.. 

When expofed to heat, it undergoes a kind of wa¬ 
tery fufion, but afterwards it cannot be melted by the 
ftrongeft heat. I11 a clay crucible indeed it fuies at 
130° Wedgewood, owing evidently to the prefence of 
the clay. 

When heated red hot and cooled, it is called plcijler 
of Paris ; a fubftance fo ufeful for calling moulds, &c. 
on account of its property of becoming folid almoft im¬ 
mediately when reduced into a pafte with water. 

By compound affinity it is decompofed by the follow¬ 
ing fubftanees : 
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decompofed by means of Sulphau. 

CHEMISTRY'. 
porated, but it cannot be 
heat. 

It is fometimes employed as a cathartic, but its chief 
life is to furnifh magnefia by its deeompofition. 

It is decompofed by compound affinity by the fol¬ 
lowing falts. 

631 

PJafter of 
Pans. 

f Bergman, 
632 

Sulphat of 
ftrontit.es. 

f Dr Hope, 
Tranf. Ediv, 

iv. 10. 

<53 
Sulphat of 

magnefia. 

Acetite of barytes, 
-potafs, 
Carbonat of barytes, 

Carbonat of potafs, 
-~ foda, 

-—-magnefia? 

-alum ina'I'. 

§ Bergman. 

6. Sulphat of ftrontites. This fait, firft formed by 
Dr Hope, is a white powder deftitute of tafte. It is 
foluble in 3840 parts of boiling water. Sulphuric acid 
diffolves it readily when abided by heat, but it is preci¬ 
pitated by the addition of water to the foiution J. 

7. Sulphat of magnefia. This fait was firft obferved 
in the fprings at Epfom in England by Grew in 1675; 

but Dr Black was the firft who accurately afcertained 
its compofition. It has been called 'Epfom fait, fal ca- 
thariicus amarus, and 6'ey filer fait. 

It crystallizes in quadrangular prifms, whole plains 
are equal, furmounted by quadrangular pyramids. 

It has an exceffively bitter tafte. 

At the temperature of 6o° it is foluble in its own 
weight of water, and in |ths of its weight of boiling 
water. The volume of water is increafed ith bv add¬ 
ing the fait §. 

It is in foluble in alcohol. 

It is compofed, according to Bergman, of 19 parts 
of earth, 33 of acid, and 48 of water ; according to 
Mr Kirwan, of 17 parts of earth, 29,46 of acid, and 
53,£4 of water. 

When expofed to the air it effiorefees, and is reduced 
to powder. 

When expofed to heat it undergoes the watery fu¬ 
fion, and by increafing the temperature its water is eva- 
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Murfat of potafs, 
-foda (p), 

-lime, 
Acetite of barytes, 
-potafs, 

Acetite of lime, 

Carbonat of barytes, 
-potafs, 

—-- foda *, * Bergman% 

-ammonia fob 
634 

8, Sulphat of ammonia and magnefia. This triple Sulphat of 

fait was difeoveredby Mr Fourcroy. Into the folutionammon*a 
of 100 parts of fulpbat of magnefia in 500 parts of wa.^gama^" 
ter, 12 parts of ammonia being poured, a very fmall 
quantity of magnefia was precipitated, and a confider- 
able quantity more on the addition of another dofe of 
ammonia ; but farther additions had no effedL From 

the magnefia precipitated, it appeared that 38 parts of 

the fulphat had been decompofed. There remained, 
therefore, 62 parts in folution, mixed with a large quan¬ 
tity of ammonia. By evaporation, 92 parts of a white 
tranfparent rhomboidal fait were obtained, evidently 
compofed of fulphuric acid, ammonia, and magnefia, in 
the proportions that would have formed 62 parts of ful¬ 
phat of magnefia and 30 of fulphat of ammonia, and 
probably confiding of a combination of thefe two ful- 
phatS j*. | Ann. de 

' 9. Sulphat of alumina. This fait may be formed by Chim'iv* 
diffolving alumina in fulphuric acid. It has an aftrin- ir; 

gent tafte, is very foluble in water, and cryftallizes in Sulrhat of 
thin plates which have very little confidence£. Little alumina, 
attention has hitherto been paid to this fait, which was 1 ^auVie^n> 
never properly diftinguiihed from alum till two memoirs, •• 
one by Vauquelin and another by Chaptal, on the na- 

ture of alum, made their appearance in the 22d volume Chaptal, 

of the Annales de Chimie. This fait generally contains^- 
an excefs of acid, and is not neutralized without con- 
fiderable difficulty $. § Ibid, p, 

10. Sulphat of alumina and potafs, or alum. The2,77; , 
(TTuwTwptoc of the Greeks, and the alumen of the Romans, 

was a native fubftance, which appears to have been 
nearly related to green vitriol or fulphat of iron ; and 
which confcquently was very different from what we at 
prefent denominate alum. From the refearches of Pro- 
feffor Beckmann, it appears that we owe the difeovery 
of alum to the Afiatics ; but at what period, or by 

what means, the difeovery was made, is altogether uu- " 
known. 

It continued to be imported from the Eaft till the 
L5th century, when a number of alum works were efta- 
bhfhed in Italy. In the 16th century it was manufac¬ 
tured in Germany and Spain ; and during Queen Eli¬ 
zabeth’s reign an alum work was eftabhfhed m England 
by Thomas Chalomer. 

The alum of commerce is ufually obtained from 
earths containing fulphur and clay, or fulphuric acid 
and clay. 

The compofition of alum has been but lately under-its compo. 

^ z ftoodfition. 

(p) Only below tbe temperature of 32°. Scheele, Gren, Ann. de Chim. xxiii 

CO Only below the temperature of 212°. Fourcroy Ibid. ii. 291. 
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Sulphats. ftood with accuracy. It has been long known, indeed, 

that one of its ingredients is iulphuric acid (a) ; and 
the experiments of GeofFroy, Hellot, Pot, Margraf, 

and Macquer, proved inconteftibly that alumina is an¬ 
other ingredient. But fulphuric acid and alumina are 

incapable of forming alum : Manufacturers knew, that 
the addition of a quantity of potafs, or of ammonia, or 
of feme fubltance containing thefe alkalies, is almoft al¬ 
ways neceflary ; and it was proved, that in every cafe in 
which fuch additions are un neceflary, the earth from 
which the alum is obtained contained already a quan¬ 

tity of potafs. Various conje&ures were made about 

the part which potafs ads in this cafe; but Chaptal and 
Vauquelin appear to have been the firft chemifts that 

afeertained, by deciiive experiments, that alum was a 

triple fait, compofed of fulpliat of alumina and of pot¬ 

afs united together ( s) - 
Alum cryftallizes in large oaahedrons, compoied ot 

two tetrahedral pyramids, applied to each other at their 

1)3 It has a fweetifh and aftringent tafte, and always red¬ 

dens the tin&ure of turnfole. 
1 Neumann jt jg f0]uble at the temperature of 60 , in from 10 * 

end Chaptal. timcs jts 0wn weight of water, according to its 

\nd"cbaptal.purity ; pure alum being moil infoluble. Seventy-five 
} Bergman. parts 0f boiling-water diifolve ioo of alum J. 

V A hundred parts of alum contain, according to Kir- 

, wan, 17,62 parts of acid, 18 of earth (and alkali), and 
§ Kirivan s o c ft 

Mm. 11.14. 4(^h°n Jxpofed to the air it efflorefees flightly. 

When expofed to a gentle heat it undergoes the wa¬ 

tery fufion. A ftrong heat caufes it to fwell and foam, 
and to lofe about 44 per cent, of its weight, confiding 
chiefly of water of cryftallization|[. What remains is 

called calcined or burnt alum, and is fometimes ufed as a 

corrofive. . , 
Alum is of great importance as a mordant in dyeing, 

and is ufed alfo in feveral other arts. 
By compound affinity it is decompofed by the Jol- 

lowing falts., 

Nitrat of foda, 
„- lime, 
_—— ammonia, 

magnefia, 

8TRY. Partlll. 
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And pro¬ 
perties. 

J Ibid. 

*39 , 
Homberg s 
pyropho- 

Muriat of barytes, 
____potafs, 
____foda, 

____ lime, 
__...-ammonia, 

,_—— magnefia, 

Acetite of barytes, 

Acetite of potafs, 
-foda, 
---lime, 
---ammonia, 

-—--- magnefia, 

Carbonat of barytes, 

-.- potafs, 

— ■ --foda, 

.. .—-lime, 
ammonia, 

— -— magnefia. 

If three parts of alum and one of flour or fugar be 

melted together in an iron ladle, and the mixture dried Sulphats. 

till it becomes blackifh and ceafes to fwell; if it be v 
then pounded fmall, put into a glafs phial, and placed in 
a fand-bath till a blue flame iflues from the mouth of 
the phial, and after burning for a minute or two be al¬ 
lowed to coo1(t), a fub(lance is obtained known by the 
name of Homberg's pyrophorus y which has the property 
of catching fire whenever it is expofed to the open air, 

efpecially if the air be moift. 
This fubftance was accidentally difeovered by Hom¬ 

berg about the beginning of the 18th century, while he 

was engaged in his experiments on the human faeces. 
He had diftilled a mixture of human faeces and alum 
till he could obtain nothing more from it by means of 
heat; and four or five days after, while he was taking 
the refiduum out of the retort, he wasfurprifed to fee it 

take fire fpontaneoufly. Soon after Lemery the Young¬ 
er difeovered that honey, fugar, flour, or almoft any 
animal or vegetable matter, could be fubftituted for hu¬ 

man fasces ; and afterwards Mr Lejoy de Suvigny (hew¬ 
ed that feveral other falts containing fulphuric acid 
might be fubftituted for alum *. Scheele proved, that* See Mac* 
alum deprived of potafs was incapable of forming py-?Wtfr J 

rophorus, and that fulphat of potafs might be fubftitu¬ 
ted for alum f. And Mr Prouft has (hewn, that a num- f Scbeele o* 

ber of neutral falts, compofed of vegetable acids and al- 
kalies, or earths, when diftilled by a ftrong fire in a re¬ 
tort, left a refiduum which took fire fpontaneoufly on 

expofure to the air. 
Thefe fads have thrown a great deal of light on the 

nature of Homberg’s pyrophorus, and enabled us in 
fome meafure to account for its fpontaneous inflamma¬ 
tion. It has been afeertained, that part of the fulphu¬ 
ric acid is decompofed during the formation of the py¬ 

rophorus, and of courfe a part of the alkaline bafe be¬ 
comes uncombined with acid, and the carbon, which 

gives it its black colour, is evidently divided into very 
minute particles. It has been afeertained, that during 
the combuftion of the pyrophorus a quantity of oxygen 
is abforbed, The inflammation feems to be owing to a 
difpofing affinity. Part of the carbon and of the fulphur 
attrad oxygen from the atmofphere, in order to com¬ 
bine with the potafs, and the caloric difengaged pro¬ 

duces a temperature fufficiently high to kindle the reft 

of the carbon. 
Alum is capable of combining with alumina, and of 

forming what has been called alum faturated with its 

earthy which is an infoluble, taftelefs, earthy-like fub- 

flance^ 
It is capable alfo, as Chaptal informs us, of combi¬ 

ning with feveral other bafes, and of forming.many 

triple falts, which have never yet been examined with 

attention i. _ . . t Ann. ^ 
11. Sulphat Cbim. xxiu 

293* 

M It” £mda‘b"h'moi of 
^LTre‘^ 

ffts «.l* .«»* - 
th« &L difeovery. and that ha had publilhndit m Wlaf. A„ * l. T«M«. 

(t) Care mull be taken not to keep it too long expofed to the heat. 
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Sulpha t*. 

CHEM 
ii. Sulphat of jargonia (u). In order to combine 

jargonia with acids, they ftiould be poured upon it while 

SuUiat of lt IS Yet Tno^> after being precipitated from fome of its 
jargonia.0 folvents ; for after it is dry, acids do not ad upon it 

without difficulty. By this method fulphat of jargo¬ 

nia is eafily formed. It is white, and without fenfible 
tafte. Heat expels the acid from it, and the jargonia 
remains in a ftate of purity. At a high temperature 
charcoal converts it into a fulphuret, which is foluble in 
water, and which, by evaporation, furnifhes cryftals of 

* Vauquc- hydrofulphuret (t) of jargonia*. 
linyAnn.de Klaproth informs us, that with excefs of acid ful- 
Chim. xxii. p]iat Qf jargonia forms tranfparent ftelliform cryftals, fo- 

\%our de *n water> anc* having an aftringent tafte f. 
- - * 12. Sulphat of iron. There are two fulphats of iron, 

which were firft accurately diftinguiffied by Mr Proud. 
The one contains the green oxide, the other the red 
oxide of iron. We fhall, in imitation of Mr Proud, de¬ 

nominate them from their colours. 
The green fuiphat of iron.—This fait, which is com* 

phatof ircn.pofed of fulphuric acid and green oxide of iron, is found 
native, and was knowm to the ancients. It is mention- 

t Z/Y. xxxiv.ed by Pliny under the names of mify, fory, calchahtum 
c. 1%. Jt was formerly called green vitriol. 

It is generally prepared by expofmg native fulphuret 
of iron, a very abundant mineral, to air and moifture. 

Its cryftals are of a light green colour, and in the 

form of rhomboidal parallelopipeds. 
It has a ftiarp aftringent tafte. 
It is foluble in fix times its weight of water at the 

temperature of 6o°, and in |ths of its weight of boil- 

§ Bergman, ing water §. 
It is infoluble in alcohol. 
According to Bergman, it is compofed of 39 parts 

Fbyf xxxvi, 

1S7. 
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of acid, 23 of oxide, and 38 of water; but according 5ulphats. 

to Mr Kirwan, of 26 parts of acid, 28 (u) of oxide, 

and 46 of water. 
When expofed to the air, it efflorefces ; but if it be 

moiftened, it is gradually converted into red fulphat of 

iron. 
When heated, it firft aflumes a yellow colour, lofes 

its water and its acid ; if the heat be increafed, no¬ 

thing remains but a yellow powder. 
The Pruffic alkali precipitates from the folution of 

this fait a white powder, which gradually becomes blue 

by attracting oxygen *. * . 
It is ufed in dyeing, and in making ink, &c. 
It is decompofed by compound affinity by 

Nitrat of lilver, 

Muriat of foda f. f Batten and 

The red fulphat of iron may be formed by expofmg Tut ben, 

a folution of green fulphat to the air, or by treating it 

with nitric acid. It was formerly called mother water 

vitriol. * 642 

Little is known of its properties, except that it is Red fulphat 
deliquefcent, incryftallizable, and foluble in alcohol. of iron. 

It was firft accurately examined by Mr Prouft. 
The green fulphat of iron generally contains fome of 

it, which may be feparated by means of alcohol. 
It is alone capable of forming Pruffian blue with the 

Pruffic acid, and of ftriking a black colour with the 

gallic acid \ See 
We have obferved, that when it is diluted with wa- ProuJF-spa- 

ter, and an excefs of fulphuric acid is,poured in, it 

again flowly converted into green fulphat. „a^ i. 435, 
13. Sulphat of zinc.—This fait, according to the 643 

beft accounts, was difcovered at Rammelfberg in Ger-Sulphat of 

many, about the middle of the 16th century. Manyzinc* 
Z z 2 afcribe 

(u) Jargonia, or, as the French chemifts call it, zirconia, has been difcovered in great abundance in France by 
Morveau, who found that the hyacinths of Expailly contained more than half their weight of it. From Vau- 

quelin’s analyfis they appear to be compofed of 
32 parts of filica, 
64 jargonia, 

2 oxide of iron. 

Jargonia has been examined with great care by thefe two philofophers, the experiments of Klaproth have 
been confirmed, and feveral new properties of it have been difcovered. Perhaps a more detailed account than 
we have hitherto given of this new earth may not be unacceptable to our readers. 

Jargonia is a white powder, its fpecific gravity is confiderable, it has a feel refembling that of filica, it has no 
tafte, and is infoluble in water. When feparated from its folutions by pure alkalies, it retains, when expofed to 
the air to dry, a pretty confiderable quantity of water, which renders it tranfparent, and gives it a refemblance 

to gum arabic both in its colour and fraCture. 
When expofed to the heat of the blow-pipe it does not melt ; but Vauquelin melted it by expofmg it furround- 

ed with charcoal in a porcelain crucible to an intenfe heat for an hour and a half. Its fpecific gravity was then 
4,35, its colour was grey, and its hardnefs fuch that it was capable of fcratching glafs. It melts with borax, and 
forms a tranfparent and colourlefs glafs ; but phofphat of foda and the fixed alkalies do not attack it. 

It is infoluble in the fixed alkalies, has very little affinity for carbonic acid, and is precipitated from its folu¬ 

tions together with iron by the Pruffic alkali. 
Its affinities, as far as they have been afcertained by Vauquelin, are as follows : 

Vegetable acids; order unknown, 
Sulphuric acid, 
Muriatic, 

Nitric. 

See upon this fubjeCt the Memoirs of Morveau and Vauquelin, Ann. de Chitn. xxi. 72. and xxii. 179.* 
(t) Thefe curious falts form the fubjeCt of the next chapter. 
(u) Perhaps the quantity of oxide is fomewhat over-rated here ; for before it was examined by Mr Kirwan, it 

had affumed a red colour ; it muft therefore have been converted into the brown or red oxide by attracting oxy¬ 

gen from the atmofphere. 
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afcribe the invention to Julius Duke of Brunfwick. 
Henkel and Neumann were the fir ft chemifts who 
proved that it contained zinc ; and Brandt firft ascer¬ 
tained its compolition completely *. It is generally 
formed for commercial purpofes from fulphuret of zinc 

or blende, as it is called. This fait is called alfo white 

’vitriol. 
It is of a white colour, and its cryftals are rhomboi- 

dal prifms, terminated by quadrangular pyramids : there 
is generally a flight defedl in two of the oppofite an¬ 
gles of the prifm, which produces a quadrangular fec- 

tion f. Its fpecific gravity is 2,000. 
It has a (harp ftyptic tafte. 
It is foluble in 2,28 parts of water at the tempera¬ 

ture of 6o°; but in a much fmaller quantity of boiling 
water J. 

It is compofed, according to Bergman, of 40 (v) 
parts of acid, 20 of oxide, and 40 of water : Kirvvan 

fuppofes that it is compofed of 12 parts of acid, 26,4 
of zinc, 20 of oxide, 41,6 of water (w). 

According to Bergman, this fait is not altered in the 
air; others affirm that it efflorefees. This,‘no doubt, 

depends upon the place where it is kept. 

Heat decompofes this fait. 
14. Sulphat of manganefe.—This fait was firft ob¬ 

tained by Scheele (x) : It is compofed of fulphuric 
acid and white oxide of manganefe. 

Its cryftals are oblique parallelopipeds ; they are of 
a white colour, and very bitter J. 

Thefe cryftals are decompofed by a ftrong red heat, 

and the fulphuric is converted into fulphurous acid by 
the oxide attra&ing its oxygen, and being changed 

into black oxide ||. 
15. Sulphat of nickel.— This fait, which is compo¬ 

fed of fulphuric acid and oxide of nickel, was firft de- 
feribed by Bergman. Its cryftals are in the form of 

decahedrons, compofed of two quadrangular truncated 

pyramids ; they are of a green colour ^J. 
16. Sulphat of cobalt.--This fait was firft mentioned 

by Mr Brandt. Its cryftals are of a reddifh colour; 
but if any nickel be prefent, they are green. 

17. Sulphat of lead.—This fait has been long known: 
it is compofed of fulphuric acid and white oxide of lead. 
The cryftals are white, fmall, and mo ft commonly needle- 
ihaped: according to Sage, they are tetrahedral prifms. 

It is foluble in 18 parts of water, 
Heat decompofes it.—It is very cauftic. 
18. Sulphat of tin.—Nothing is known concerning 

this fait, except that it cryftallizes in fine needles inter¬ 

laced with one another*. 
19. Sulphat of copper.—This fait appears to have 

been known to the ancients. It is generally .obtained 
by evaporating thofe waters which naturally contain it. 

It is called alfo blue vitriol. 
Its cryftals are of a deep blue colour; they are in 

the form of oblong rhomboids. Its fpecific gravity is 

2,23°. 
It has a very ftrong ftyptic tafte ; and indeed is em¬ 

ployed as a cauftic. 
It is foluble in four parts of water at the tempera- 

Y. Part 1IT. 
but in a much fmaller quantity of boiling Sulphats. 
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ture of 6o° : 
water *. 

It is compofed, according to Bergman, of 46 parts 
of acid, 26 of oxide of copper, and 28 of water. Kir- 

wan fuppofes it to contain 27,68 of acid, 35 of oxide, 
and 37,32 of water f. f Miner.if, 

When expofed to the air, it efflorefees, and is cover- 23* 

ed with a yellowiffl grey powder. 
It requires a very ftrong heat to decompofe it. 
It has the property of communicating a green co¬ 

lour to flame. 
It is ufed in the preparation of feveral paints, and for 

a variety of other purpofes. 
It is decompofed by compound affinity by acetite 

of lead. , 
20. Sulphat of bifmuth.—Little is known of this Sulp>ha? o£* 

fait, except that it ns with difficulty cryftallized, and is bifmuth, 

very deliquefeent. 

2 t. Sulphat of antimony.—This fait does not cry-Antimony, 
ftallize. It is eafily decompofed by heat. 6si 

22. Sulphat of arfenie.—This fait is fcarcely known. Arfenic, 
It does not appear to be cryftallizable. It is decom¬ 

pofed by water. 6^ 
23. White fulphat of mercury.—This fait may be White ful- 

formed by boiling together two parts of mercury andphatof 
three of concentrated fulphuric acid, and flopping the mercury* 

procefs whenever the mercury is converted into a white 
mafs. This mafs, in order to remove the excefs of 
acid, is to be waffled- repeatedly with fmall portions of 
water, till it ceafes to redden turnfole. The fulphat of 

mercury, thus obtained, is very white. Its cryftals are 
either fmall plates or prifms. Its tafte is not very cauf¬ 
tic. It is foluble in 500 parts of water at the tempe¬ 

rature of 530, and in 287 parts of boiling water. It 
is compofed of 83 parts of white oxide of mercury, 12 

of fulphuric acid, and 5 of water t* It is not altered J FourcroyP 

by expofure to the air. Heat decompofes it. Hnn. de 

This fulphat is capable of combining with a new x* 

portion of acid : It was in that ftate before it was wafh- 
ed with water. This fait, which may be called acidu¬ 

lous white fulphat of mercury, has a very cauftic tafte, and 
is corrofive. It reddens vegetable blues. It is foluble 
in 157 parts of water at the temperature of 550, and in 

33 parts of boiling water §. . 5 Fourcroy, 

24. Yellow fulphat of mercury.—-This fait may be ibid. 

obtained by continuing to boil tfie preceding mixture of ^53 

mercury and fulphuric acid till the mercury afiumes a yel- Ul‘ 

low colour. It appears to be compofed of yellow oxide niercury. 
of mercury and a fmall portion of fulphuric acid. It is 

foluble in 2000 parts of water at. the temperature of 
5 90, and in 600 parts of boiling water. The folution 

is colourlefs. It was formerly called turbith mineral ||. |j Fourcroy, 

25. Sulphat of ammonia and mercury.—This triple did. 

fait may be formed by pouring ammonia into a folution 6-J4 of 
of fulphat of mercury. If only a fmall quantity of 
monia be ufed, a copious blackiffl precipitate takes and mer- 
place, part of which is converted into running mercury cury, 

by expofure to light ; and confequently is black oxide 
of mercury ; the remaining part is the triple fait. If a 
large quantity of ammonia be ufed, only the black oxide 

is 

(v) There is evidently fome miftake in this ftatement; it doe9 not correfpond with what he fays elfewhere. 

(w) Mineralogy, ii. 24. We do not underhand this ftatement. y 
(x) Weftfield, indeed, obtained it; but he miftook it for fulphat of magnefia. 
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Sulnhats. is precipitated; for the triple fait is rendered much 
\—-y-more foluble by an excefs of ammonia. As this excefs 

evaporates, the fait cryftallizes. The cryftals are poly¬ 

gons, very brilliant and hard. It has a fharp, auftere, 
metallic tafte. It has no peculiar odour. It is fcarcely 
foluble, except with excefs of ammonia. *It is compo- 
fed, according to Fourcroy’s analyfis, of 18 parts of 
fulphuric acid, 33 of ammonia, and 39 of oxide of mer¬ 
cury. Heat decompofes it. The produ&s obtained by 

diftilling it are, a little ammonia, azotic gas, a little 
pure mercury, fome fulphite of ammonia ; and there re- 

* Fourcroy, mains yellow fulphat of mercury *. 
ibid. This triple fait may be formed alfo by pouring am¬ 

monia upon acidulous fulphat of mercury, or 011 yellow 

\ Ibid. fulphat of mercury f. 
655 26. Sulphat of iilver.—This fait is formed by pour- 

ulphat of *ng fylphuric acid on oxide of iilver. Its cryftals are 

fmall needles. It melts when expofed to a ftrong heat, 

but does not fublime. 
It is decompofed by muriat of lead ;£. 
27. Sulphat of gold.—This fait is unknown. 

28. Sulphat of platinum. — Unknown. 
29. Sulphat of tungften.—Probably no fucli combi¬ 

nation is poflible. 
30. Sulphat of molybdenum —Probably impoffible. 
31. Sulphat of uranium—This fait was firft formed 

by^Mr Klaproth. He formed it by pouring fulphuric 
acid on the oxide of uranium. Nothing farther is 
known of it, except that its cryftals are fmall, aud of a 

yellow colour. 
32. Sulphat of titanium.—This fait was firft formed 

by MrM‘Gregor. It does not appear, from Klaproth’s 

experiments, to be cry (tall izable. 
33. Sulphat of tellurium.—When one part of tellu¬ 

rium is mixed cold in a well-ftopped veffel with a hun¬ 
dred parts of concentrated fulphuric acid, the latter 
gradually aflumes a beautiful crimfon red colour : when 
a fmall quantity of water is added, drop by drop, the 
colour difappears, and the metal is precipitated in the 
form of black flakes. The folution is deftroyed by 
heat, the colour difappears, and the metal feparates in 
the ftate of a white oxide. When fulphuric acid is di¬ 
luted with two or three parts of water, and a fmall 
quantity of nitric acid is added, it diffolves a confider- 
able quantity of tellurium- The folution is tranfparent 
and colourlefs, and is not decompofed by the addition 

$ Klaproth, 0f a larger quantity of water §. 
jPhilofophical 
Mag. i. So. Sect. II. Of Sulphites. 

Salts compofed of fulphurous acid united reflec¬ 
tively with alkalies, earths, or oxides, are callefrfulphites. 

Thofe hitherto examined are the following : 
l. Sulphite of potafs.*—This fait was firft formed by 

Stahl; but was firft accurately defcribed by Berthollet, 

Fourcroy, and Vauquelin. 
It may be formed by pafting fulphurous acid into a 

faturated folution of carbonat of potafs till all effervef* 

cence ceafes. The folution becomes hot, and cryftal¬ 

lizes by cooling,||. 
Its cryftals are white and tranfparent; their figure 

that of rhomboidal plates. Its cryftallization often pre- 

fents fmall needles diverging from a common centre f. 
Its tafte is penetrating and fulphurous. At the 

common temperature of the atmofphere, it is foluble in 

its own weight of water, but much more foluble in boil¬ 

ing water. 

\ 'Bergman. 
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When expofed to the air, it efflorefces, becomes Sulphite^ 

opaque and hard, and is gradually converted into fulphat ~m v 

of potafs by abforbing oxygen. 
When expofed to a fudden heat, it decrepitates, lofes 

its water: at a red heat fome fulphurous vapours are 
emitted ; at laft a portion of fulphur feparates, and the 

refiduum is fulphat of potafs, with a flight excefs of al¬ 

kali. 
Nitric and oxy-muriatic acids convert it into fulphat 

of potafs by imparting oxygen. 
It decompofes the oxides of gold, fdver, mercury, 

the red oxide of lead, the black oxide of manganefe, and 
the brown oxide of iron. When the green oxide of iron 
and the white oxide of iron are boiled with it in water, 

and an acid added, a precipitate takes place of thefe 
bodies united to fome fulphur, and the fait is convert¬ 
ed into a fulphat : at the fame time fulphurated hydro¬ 
gen gas is emitted. 

By compound affinity it is decompofed by 

All faits with bafe of foda, except the borat and car¬ 
bonat ; 

All metallic falts except carbonats; 
All neutral falts whofe acid has a ftronger affinity 

for potafs than fulphurous acid has *. * ttid. 
2. Sulphite of foda,—This fait was firft accurately ^ Mo 

defcribed by Fourcroy and Vauquelin. Sulphite of 

It is white and perfectly tranfparent. Its cryftals 
are four-fided prifms, with two very broad fides and two 
very narrow ones, terminated by dehedral pyramids. 

Its tafte is cool and fulphurous. 

It is foluble in four times its weight of cold water, 
but it is move foluble in hot water. 

It is compofed of 18,8 parts of foda, 31,2 of acid, 
and 50 of water. 

By expofure to air, it efllorefces, and is ilowly con¬ 
verted into a fulphat. 

When expofed to heat, it undergoes the watery fu- 
fion, and afterwards exhibits precifely the fame pheno¬ 
mena as the fulphite of potafs. 

Metallic oxides and falts affect it precifely as they do 
fulphite of potafs. 

It is decompofed by compound affinity by carbonat 
of potafs, and the other falts which decompofe fulphite 

of potafs f. _ _ f 
3. Sulphite of ammonia.—This fait was firft deferi- 661 

bed by Fourcroy and Vauquelin J. Sulphite of 

It cryftallizes in fix-fided prifms terminated by fix- ^monia* 

fulcd pyramids. . an 
Its tafte is cool and penetrating like that of the tin, Nicbol- 

other ammoniacal falts, but it leaves a fulphurous im-fin* Journ*. 

preffion in the mouth. i* 31?* 

It is foluble in its own weight of cold water. Its 
folubility is increafed by heat. 

It is compofed of 29,07 parts of ammonia, 60,06 of 
acid, and 10,87 wat^r* 

When expofed to the air, it attra&s moifture, and is 
foon converted into a fulphat. 

Heat volatilizes it without decompofition. 

Its habitudes with metallic oxides and falts are nearly 

the fame with thofe of the above defcribed fulphites, Sul6®* p 
only it is capable of forming with feveral of them triple bastes 
falts §. 1; ' lid. 

4. Sulphite of barytes.-This fait was firft defcribed H 
by Berthollet ||. bim.ii 57*. 

It is incryftallizable; it has no perceptible tafte ; and 
and is perfectly infoluble in water f. tin. 

It 
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It is compofed of 59 parts of barytes, 39 parts of 

acid, and 2 of water. 
It does not eallly change into a fulphat by expofure 

to air ; but heat produces this effed *- 
5. Sulphite of lime.—This fait was hr ft defcribed by 

Berthollet f. 
Its cryftals are hx-fided prifms, terminated each by a 

very long pyramid^. 
It has fcarcely any tafte ; however, when kept long 

§ Ibid. 
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an. Fauquc ^ mouth, it communicates to the tongue a tafte 

which is mauifeftly fulphurous. 
It is very fparingly foluble in water, except with ex¬ 

cels of acid. 
It is compofed of 47 parts of lime, 48 of fulphurous 

•acid, and 5 of water. 
By contad of air it is converted into a fulphat, but 

very flowly. 
Heat converts it into a fulphat by depriving it of a 

portion of fulphur. 
It is decompofed by compound affinity by 

Carbonates of alkalies, Fluats of alkalies, 
Phofphats of alkalies, Moft metallic falts f. 

. . ( 6. Sulphite of magnefia.—This fait was firft defcri- 

niagnefia^ bed by Fourcroy and Vauquelin. 
Its cryftals are white and tranfparent, and in the 

form of depreffed tetrahedrons. . 
Its tafte is mild and earthy at firft, and afterwards 

fulphurous. 
It is fparingly foluble in water, except when there is 

an excefs of acid. 
It is compofed of 16 parts of magnefia, 39 of acid, 

and 45 of water. 
It becomes opaque when expofed to the air ; is very 

flowly converted into a fulphat. 
By expofure to heat, it foftens, fwells up, and be¬ 

comes dudile like gum ; a ftrong heat decompofes it 

altogether. 
It is decompofed by 

Alkaline falts, 
Earthy falts, except thofe of alumina ||. 

7. Sulphite of alumina.— Firft formed by Berthollet. 
It does not cryftallfze, but is converted into a foft 

Sulphite of dudile mafs. It is not foluble in water, but becomes 
alumina, abundantly fo when there is an excefs of acid. 

It is compofed of 44 parts of alumina, 32 of acid, 

I and 24 of water. 
^ Fourcroy Heat decompofes it ^[. 
and Fauque- g. Sulphite of iron. —It was firft formed by Berthol- 

/iB666 let- 
Sul; hite cf Its cryftals are white, and have but very little of the 

iron. ftyptic tafte of iron falts *. 
* Ann. dc Berthollet alfo formed the fulphites of zinc and tin, 
-Cbwt, ii. j 8. kut ha3 not defcribed them. 

Sect. III. Of Nitrats. 

Those falts, in the compofition of which the nitric 

acid forms one ingredient, are called nitrats. 

NUre. I. Nitrat of potafs, nitre, or faltpetre.—As this fait 
is produced naturally in confiderable quantities, parti¬ 
cularly in Egypt, it is highly probable that the ancients 
•were acquainted with it ; but fcarcely any thing cer¬ 
tain can be colleded from their writings. If Pliny 

mentions it at all, he confounds it with foda, which was 
known by the names of nitron and nitrum. It is cer¬ 

tain, however, that it hag been known in the eaft from 

|j Fourcroy 

and Fauque- 

tin. 
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time immemorial. Roger Bacon mentions this fait in Nitrat*. 
the 13th century under the name of nitre. v— 

It cryftallizes in (lender oblong hexagonal prifms, of¬ 
ten ftriated, terminated by hexagonal pyramids oblique¬ 

ly truncated. Its fpecific gravity is 1,920. 
Its tafte is (harp, bitterifh, and cooling. 

It is foluble in feven times its weight of water at the 
temperature of 6o°, and in nearly its own weight of 

boiling water *. # # * Bergman 
According to Bergman, it is compofed of 31 parts 

of acid, 61 of potafs, and 8 of water ; but this propor¬ 
tion of acid is undoubtedly too fmall. According to 

Mr Kirivan, it is compofed of 41,2 of acid, 46,15 of 
alkali, and 12,63 water f. t Miner*!. 

It is not altered by expofure to the air. 11.37. 

When expofed to a ftrong heat, it melts ; and con¬ 
geals by cooling into an opaque mafs, which has been 
called mineral crydaL If the heat be continued, the 
acid is gradually aecompofed and driven off. When 
the folntion of nitre is expofed to a boiling heat, part of 
the fait is evaporated along with the water, as Wallerius, 
Kirwan, and Lavoifier, obferved fuccefiively. When 

nitre is expofed to heat along with many combuftible 
fubftances, its acid is decompofed; the combuftible 
feizes the oxygen, and at the fame time a lively white 
flame appears, attended with a decrepitation ; this is * 
called the detonation of nitre. 

Nitre mixed with charcoal and fulphur in proper 
proportions forms gunpowder. 

Nitre is decompofed by compound affinities by 

Acetite of barytes. 668 
No phenomenon has excited the attention of chemi- Reproduce 

cal philofophers more than the continual reproductiont!on 
of nitre in certain places after it had been extradled from 
them. Prodigious quantities of this fait are neceffary 
for the purpofes of war ; and as Nature has not laid up 
great magazines of it as fhe has of fome other falts, this 
annual reproduction is the only fource from which it can 
be procured. It became, therefore, of the utmoft con- 
fequence, if poffible, to difeover the means which Nature 
employed in forming it, in order to enable us to imitate ^ 
her proceffes by art, or at leaft to accelerate and facilitate 
them at pleafure. Numerous attempts accordingly have 
been made to explain and to imitate thefe proceffes. 

Stahl, fetting out on the principle that there is 

only one acid in nature, fuppofed that nitric acid is 

merely fulphuric acid combined with phlogifton ; and 
that this combination is produced by putrefadtion : he 
affirmed accordingly, that nitre is compofed by uniting 
together potafs, fulphuric acid, and phlogifton. But 
this opinion, which was merely fupported by very far¬ 

fetched analogies, could not ftand the teft of a rigorous 

examination. 
Lemery the Younger accordingly advanced another; 

affirming, that all the nitre obtained exifts previoufly 
in animals and vegetables, and that it is formed in thefe 
fubftances by the proceffes of vegetation and animali- 
zation. But it was foon difeovered that nitre exifts, 

and is a&ually formed, in many places where no animal 
nor vegetable fubftance has been decompofed ; and con- 
fequently this theory was as untenable as the former. 

So far indeed is it from being true that nitre is formed 
alone by thefe proceffes, that the quantity of nitre in 

plants has been found to depend entirely qn the foil in 

which* they grow J. » t Bouilln, 
At 
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At lad by the numerous experiments of feveral French 

'philofophers, particularly by thofe of Thouvenel, it was 
difcovered that nothing elfe is neceffary for the pro- 

du&ion of nitre but a bafis of lime, heat, and an open 
but not too free communication with dry atmofpheric 
air. When thefe circumltances combine, the acid is firft 
formed, and afterwards the alkali makes its appearance. 
How the air furniffies materials for this produ&ion is 

eafily explained, now that the component parts of the 
nitric acid are known to be oxygen and azot. But 
how lime contributes to their union it is not fo eafy to 

fte. It is a difpofing affinity, which, like mod others 
referred to that Gngular clafs, ourprefent knowledge of 

the nature of affinity does nof enable us to explain. 
The appearance of the potafs is equally extraordinary. 

If any thing can give countenance to the hypothehs, 
that potafs is compofed of lime and azot, it is this lin¬ 

gular fa£t. 
2. Nitrat of foda. This fait was called formerly cu¬ 

bic nitre. . 
It forms rhomboidal cryftals. Its fpecific gravity is 

1,870. ’ . 
It has a cool fharp tafte, and is fomewhat more bit¬ 

ter than nitre. 
It is foluble in about three parts of water at the tern- 

perature of 60", and is fcarcely more foluble in boiling 

water. 
It is compofed, according to Bergman, of 43 parts 

of acid, 32 of foda, and 25 of water. From an expe¬ 
riment formerly described, Mr Kirwan concludes, that 

it contains 57,65 of acid, and 42,35 alkali; but per¬ 
haps the proportion of acid may be fomewhat over-rated, 
as no dire& proof has been brought that the fait con¬ 

tains no water. 
When expofed to the air it rather attra&s moifture. 
Its phenomena in the fire are the fame with thofe of 

nitre, only it does not melt fo eafily. 
It is decompofed by compound affinity by the fol¬ 

lowing falts: 
Sulphat of barytes, 
---potafs, 

■ alumina, 

669 
Nitrat of 
foda. 
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Nitrat of 
ammonia. 

Muriat of barytes, 
.—-potafs, 

- lime, 

Muriat of ammoniar 
Acetite of barytes, 

■ potafs, 
Carbonat of barytes, 
—- potafs. 

STRY. 
Acetite of lime 
- —-magnefia, 

■__alumina, 

Muriat of barytes, 
-.-potafs, 

• foda, 

Muriat of lime, 
___ magnefia, 
-alumina, 

Carbonat of barytes, 

■ foda. *7* 
4. Nitrat of barytes. This fait may be formed intoNitmof 

hexagonal cryftals, but it requires great addrefs to pro- 

duce them. 
It attra&s moifture from the atmofphere. 
Heat decompofes it, and leaves pure barytes. The 

decompofition of this fait by heat is the moll convenient 

method of procuring pure barytes yet known. It was 

firft propofed by Mr Vauquelin* 
By compound affinity it is decompofed by 

Alkaline carbonats, 

Oxalat of ammonia *. * *?*?**' 
5. Nitrat of lime. This fait forms by cryftallization j^ltrat 0f 

fix-Tided prifms, terminated by dehedral pyramids, but 15^ 
more commonly fmall regular o&ahedral needles. 

It has a (harp bitteriffi tafte. 
It is foluble in two parts of cold water, and in its 

own weight of boiling water. 
Boiling alcohol diffolves its own weight of it f. T Bergman* 

According to Bergman, it is compofed of 43 parts 
of acid, 32 of lime, and 25 of water. Kirwan has 
found, that ico parts of lime require for faturation 180 

parts of acidj. # t Miner, il 
Nitrat of lime deliquefces when expofed to the air. 29. 

Heat decompofes it like all other nitrats. 

By compound affinity it is decompofed by 

3, Nitrat of ammonia. This fait cryftallizes with 
difficulty into regular needles. It was formerly called 
nitrum femlvolatiley and nitrum jlammans. 

It has a ftiarp, acrid, fomewhat urinous tafte. 
It is foluble in about half its weight of boiling wa¬ 

ter. 
It is compofed of 58 parts of acid, about 26 of al- 

* Kirwan. kali * and 16 of water*. 
When expofed to the air it deliquefces. 
When expofed to heat, it firft undergoes the watery 

fufion, afterwards detonates, and is completely decom- 
pofed. Berthollet has (hewn, that this phenomenon is 
owing to the hydrogen of the alkali entering into com¬ 
bination with the oxygen of the acid, and forming wa¬ 

ter, while the acid flies off in a gafeous form. 
By compound affinity it is decompofed by the follow¬ 

ing fubftances: . 
Sulphat of barytes,' Acetite- of barytes, 
--— potafs,. — - -   potafs, 

- n . ■■»■ alumina, -..— foda^- 

Sulphat of barytes, 
— -potafs* 
- ■. ■ ■■ . foda,' 

-•— —. ammonia, 
-alumina, 

Muriat of barytes, 
--- potafs, 
Acetite of barytes, 

Acetite of potafs, 
Carbonat of barytes, 

.—- potafs, 
-...foda, 
--- ammonia, 
-—— ■ alumina, 

magnefia, 

J ScbSelt* 

673 

... Tungftat of ammonia §. y 

6. Nitrat of ftrontites. This fait, firft formed by Dr 
Hope, cryftallizes readily, buUhe cryftals are very irre^^^ 
gular in their ffiape: fometimes they are hexagonal 

truncated pyramids; fometimes o&ahedrons, confiding 

of two four-fided pyramids united at their bafes. 
It is foluble in its own weight of water, at the tem¬ 

perature of 6o°, and in little more-than half its weight 
of boiling water. It lias a ftrong pungent tafte. 

In a dry air it efflorefees, but in a moift air it deli¬ 

quefces. 
It deflagrates on hot coals. Subje&ed to heat * in a 

crucible, it decrepitates gently, and then melts. I11 a 
red heat it boils, and the acid is diffipated. If a com* 
buftible fubftance be at this time brought into contact 
with it, a deflagration with, a very vivid red flame is 

produced ||. || Hope, 
7. Nitrat of magnefia. The compofition of this fait Tran/. Edin 

was firft afeertained by Dr Black. 1V* 
Its cryftals are quadrangular prifms. It has a very^jtr^0£ 

bitter tafte. It is very foluble in water. Alcohol dif- magnefia. 

folves^th of its own weight of it 1 Bergman, 
One hundred parts of magnefia require 255 of nitric114 

acid for faturation *. * Kirwany- 
It deliquefces in the air, according to Bergman; but* 

Dijonval affirms, that he has procured it in cryftals 

which rather efflorefee* 
ir 
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Nitrate Tt is decompofed by beat. 

By compound affinity it is decompofed by 
Sulphat of barytes* Muriat of lime, 

—--potafs, 
-foda, 
-ammonia, 

---— alumina, 

Acetite of barytes, 
potafs, 
foda, 
lime. 

675 
Nitrat of 
ammonia 
and mag- 

Muriat of barytes, 

foda, 

Carbonat of barytes, 

-potafs, 
-lime. 

# Ann* de 
Cbim* iv. 
a 15. 

67 6 
Nitfat of 
alumina. 

677 
Nitr? of 
jargonia. 

4 Vauque- 
lin, Ann. dt 
Cbim. xx i. 

678 

Nhrat of 
iron. 

679 

Nitrat of 
zinc. 

8. Nitrat of ammonia and magnefia. This triple fait 
was difeovered by Mr Fourcroy. Into a faturated fo- 
lution of nitrat of magnefia, containing 73 grains of 

magnefia, he poured ammonia as long as any precipi¬ 

tate could be obtained. Twenty-one grains of magne¬ 
fia were precipitated, 52 grains remained combined with 
the acid and the ammonia. He found that 52 grains 
of magnefia produced, when faturated with nitric acid, 

^288 grains of nitrat ; and that the quantity of nitric 
acid necelTary to fatnrate 21 grains of magnefia, when 
faturated with ammonia, produced 84 grains of nitrat 
of ammonia. He concludes, therefore, though the da¬ 
ta are not quite fatisfaftory, that the triple fait is com¬ 

posed of 288 grains of nitrat of magnelia, and 84 of ni¬ 

trat of ammonia *. 
9. Nitrat oi alumina. This feems to have been hid 

attended to by Beaume. 
Its cryftals are pyramidal. It has a very aftringent 

tafte. it is Soluble in water, and deliquefees in the 

air. 
10. Nitrat of jargonia. This fait may be eafily 

formed by pouring nitric acid on newly precipitated 

jargonia 
It always contains an excels of acid. By evapora¬ 

tion a yellowith tranfparcnt matter is obtained, exceed¬ 

ingly tenacious and vifeid, and which dries with diffi¬ 
culty. It has an aftringent tafte, and leaves on the 
tongue a vifeid matter, owing to its being decompofed 

by the faliva. It is only very fparingly Soluble in wa¬ 

ter ; the great eft part remains under the form of gela¬ 
tinous and transparent flakes. Tike all the other falts 
into which jargonia enters, it is decompofed by heat. It 

is decompofed alfo by Sulphuric acid, w hich occafions a 
white precipitate, Soluble inexcefs of acid; by carbonat 
of ammonia, which produces a precipitate Soluble by 
adding more carbonat ; and by an infuiion of nut-galls 

in alcohol, which produces a white precipitate, Soluble 
in an excefs of the infuiion ; unleis the jargonia con¬ 

tains iron ; in which £afe the precipitate is a greyifh 
blue, and part of it remains mfoluble, giving the liquor 
a blue colour. This liquor, mixed with carbonat of am¬ 
monia, produces a matter purple by tranfmitted light, 

but violet by reik&ed light. Gallic acid alfo precipi¬ 
tates nitrat of jargonia of a greyifh blue, but the co¬ 
lour is not fo fine. Mo ft of the other vegetable acids 
decompoSe this fait, and form combinations infoluble in 

water f. 
11. Nitrat of iron. The green oxide of iron decom- 

pofes, but does not combine with nitric acid. The 
brown oxide forms with it a red or brown Solution, 
which by evaporation may be reduced to a jelly, but 

will not cryftallize. 
12- Nitrat of zinc. The oxide of zinc combines 

with nitric acid, and forms with it a fait which cryftal- 
lizes in comprefTed and ftriated tetrahedral prifms, termi¬ 

nated by four-fided pyramids. 

s T a Y. Part lit. 
Its folution is exceedingly cauftic. When placed on Nitrat*. 

burning coals it melts and detonates as it dries. It 

can fcarcely be dried without being in fome meafure de¬ 
compofed. 

It deliquefees in the air *. * Fourcroy, 
13. Nitrat of manganefe. This fait, compofed of .68o 

oxide of manganefe and nitric acid, was firft examined Nltrat °f 
by Scheele. Its cryftals are Small and fhining, of a manSaile 

very bitter tafte, and Soluble in water f. f Scheek on. 

14. Nitrat of cobalt. It is of a pale red colour, and Manganefe, 

cryftallizes in needles. It deliquefees when expofed to.T.6bl . 

the air. Heat deeompoies it. When nickel is preient, cobah 
this fait a flumes a green colour. 68z 

15. Nitrat of nickel. Its cryftals are of a green co-of nickel, 
lour, and in the form of rhomboidal cubes. They are 
deliquefcent, and are gradually decompofed when expo- 

fed to the air, the acid leaving them.jp, 4 Bergmant 

16. Nitrat of lead. Nitric acid combines with theii. a68. 
white oxide of lead. The cryftals of this fait are of a " 6S3 

white colour ; their form an irregular octagon, or ra- ea * 
tlier truncated hexahedral pyramid. When expofed to 

heat it decrepitates, and melts with a yellowiih flame. 
By compound affinity it is decompofed by 

Muriat of potafs, 
—-foda, 

ammonia, 
Carbonat of foda §* § Bergman* 

17. Nitrat of tin. Tin is converted into an acid by 
nitric acid : it is not probable, therefore, that any per- * 
manent nitrat of tin can be formed. $g^ 

j8. Nitrat of copper. This fait appears to have been Of copper, 

firft obtained by Macquer. 
Its form, when properly cryftallized, is an oblong pa¬ 

rallelogram. It is of a fine bine colour. It is exceed¬ 
ingly cauftic. It melts at 7701|. jj Sage* 

It is deliquefcent in a moift air, but in a dry place is 
covered with a green eftlorefcence. It is very foluble in 

water. Heat decompofes it. 686 
19. Nitrat of bifmuth. This fait cryftallizes in va-Of bifmuth, 

rious forms. Fourcroy obtained it in flattened rhom¬ 
boids. It effiorefees in the air. Water decompofes it. 
It detonates in the fire. 687 

20. Nitrat of antimony. Little is known concern-ofautimo- 
ing this fait, except that it is very deliquefcent, and isny, 
decompofed by heat. 6gg 

21. Nitrat of arfenic. With white oxide of arfenic Of aifenic, 
nitric acid forms a fait which cryftallizes. It is very 
deliquefcent. It does not detonate. 

22. Nitrat of mercury. This fait may be formed Ky of mercu- 
diffolving mercury in nitric acid. It cryftallizes in the^ 
cold in regular flat 14-fided figures ; but their form dif¬ 
fers according to the manner in which the cryftalliza- 

tion has been performed. 
It is foluble in water. 
This fait is exceedingly cauftic. It detonates on 

coals. When heated in a crucible it melts, and is de¬ 
compofed. The oxide attracts oxygen from the acid, 
which flies off in the form of nitrous gas, and red oxide 

of mercury remains behind. 
It is (lowly decompofed alfo in the air. It is decom¬ 

pofed by compound affinity by 
Sulpliat of copper, and a great many other fulpbats, 

Phofphat of foda, 

Borax. # 4 690 
23. Nitrat of ammonia and mercury. This triple Of ammo- 

falt may be formed by pouring ammonia into a folution maand^ 
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691 
Nitrat of 
fclver, 

692 

Nitrat of 
uranium, 
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Muriats, of nitrat of mercury, If only enough of ammonia to 

faturate the acid be ilfed, the triple fait precipitates in 
the form of a white powder ; but with an excefs of am¬ 

monia it remains, diffolved, and forms by evaporation 
very bright polyhedral cryftals. 

It has a very fharp tafte. It is foluble in 1200 parts 
of water at the temperature of 55°. Hot water fepa- 
rates a little ammonia, which renders it ftill more info- 

luble. It turns vegetable blues green. Muriatic acid 
diffolves it. 

According to Fourcroy’s analyfts, it is compofed of 
68,20 parts of oxide of mercury, 16 of ammonia, and 
15,80 of nitric acid and water. 

When diftilled it yields ammonia, azotic gas, oxygen 

* Fourcroy> gas> yellow oxide of mercury, and pure mercury *. 
Ann. de 24* Nitrat of ftlver. This fait may be formed by 
Cbim.xiv. diffolving ftlver in nitric acid. 

It forms flat tranfparent cryftals compofed of needles. 
It is exceedingly cauftic. When melted it forms a grey 
mafs called lapis inf'emails, from its great corrofivenefs. 

It is very foluble in water. It is not altered by ex- 
pofure to the air. Light decompofes it. 

By compound affinity it is decompofed by 
The fulphats, 
The muriats. 

25* Nitrat of uranium. This fait was firft formed by 
Klaproth. Its cryftals are hexagonal plates of a green- 

, , if*1 yellow colour. The largeft were 4ths of an inch in 

jTrTde ' ien2th an.d *th ^ breadth + • 
/%/xxxvii. 2b* Nitrat of titanium. It is capable of cryftallizing, 
158 # 27* Nitrat of tellurium. The folution of tellurium 
r.. 69} in nitric acid is tranfparent and colourlefs. When con- 

7~’ ?entrated> a Produces in time fmall white light cryftals 
Tellurium. 111 tbe form °f needles, which exhibit a dendritic ag- 
t Klaproth, gregation J. 
Phil. Map, 

i. So. Sect. IV. Of Nitrites. 

The falts which the nitrous acid forms with alkalies,, 
earths, and metallic oxides, are denominated nitrites. 
Very few of them have been examined ; we fliall not 
therefore attempt a defeription of them. 

Sect. V. Of Muriats. 

Salts into which the muriatic acid enters are called 
muriats. 

Mur” of T.‘ Muriat of potafs. This fait was formerly called 
potafs. febrifuge or digeflivefait of Sylvius, and regeneratedfeafait. 

Its cryftals are cubes, but rather irregular. 

It has a difagreeable bitter tafte. Its fpecific gravi- 
§ Kirwan. ty is 1,836- §. 

It is foluble in three times its weight of water at the 
temperature of 6o°, and in double its weight of boiling 

H Bergman. water ||. 0 6 
It is compofed, according to Bergman, of 31 parts 

of acid, 6f of potafs, and 8 of water. Kirwan has 

, v , found !t to conta*n 36 of acid, 46 of alkali, and 18 of 

Mine^r 'water II* 
H. 2,0™ * ^ ^u^ers bttde alteration from expofure to the air. 

When expofed to heat, it firft decrepitates, then melts, 
and at laft is volatilized, but without decompofition. 

The following falts decompofe it by compound affinity; 
Sulphat of foda, Nitrat of ammonia, 

-ammonia, ——-magnefia, 
—.-alumina, —— - ■■ alumina, 
Nitrat of foda,-lead. 
--- lime, 

Suppl. Vol. I. Part I, 

1 S T K Y. 3c9 
2. Muriat of foda, common or fca fait. This fait Muriats. 

has been known, and in common ufe, from the earlieitv~“v—' 
ages. It is fometimes called Ato fal gem. M6?6 

Its cryftals are cubes, but they often aflume other foda. C° 
forms. Its fpecific gravity is 2,120 *. * Kirxoan, 

Its tafte is univerfally known, and is what is ftridtly 
fpeaking denominated fait. 

It is foluble in times its weight of water at the 

temperature of 6o°, and in 2]$ its weight of boiling 
water f. f Bergman. 

According to Bergman, it is compofed of 52 parts 
of acid, 42 of alkali, and 6 of water. According to 

the late experiments of Mr Kirwan, of 40 parts of 
acid, 35 °f alkali, and 25 of water. 

It is not affetted by expofure to the air. It ought to 
be obferved, however, that the muriat of foda in com¬ 

mon ufe contains, befides other impurities, a quantity 
of muriat of magnefia, which renders it deliquefeent. 

When heated it decrepitates. Heat volatilizes, but 
does not decompofe it. 

# The following falts decompofe it by compound affi¬ 
nity : * Fuels, 

Ann.de Sulphat of ammonia, 

-alumina, 

-potafs*, 
- iron 

Nitrat of filver $, nt. 
a • r, y9 Cbim.V 1. 
Acetite of barytes, 

Pyrolignite of barytes ||,f Bullen, 

-lead ||, ibid. xi. 

Nitrat of ammonia, Carbonat of potafs (a), 

-magnefia, Alum (<), j 

-alumina, Red oxide of lead (c). jj Morveau% 
~*-—— lead J, Ann.de 

That the red oxide of lead decompofes this fait is a Chim’xx* 

well known fa£l, and it has been confidered as contrary (^Bergman 

to the laws of affinity. Mr Haffenfratz endeavoured to (h) Cretl, 
account for it by fuppofing that the oxide is combined -dnn.de 

with carbonic acid, and that therefore it is a cafe ofChlm'xxvl 

compound affinity. Mr Curaudau has proved that car-(c)*SA>eele. 

bonic acid, inftead of promoting, impedes the decom- 697 
pofition ; arid that, in fad, carbonat of lead is inca-Howde- 
pable of decompoftng muriat of foda. He concludes, comPofed 

therefore, that the phenomenon cannot be accounted oflead0^ 
for by the commonly received laws of affinity* We* Ann.de 

cannot, however, think that the phenomenon is fo<^«»*xiv. 

unaccountable as Mr Curaudau fuppofes ; for muriatic1*** 
acid is capable of decompoftng the red oxide of lead, of 

xombining with part of its oxygen, and of being convert¬ 
ed into oxy-muriatic acid. Now if oxy-muriatic and 
nitro-muriatic acids be merely the fame fubftance in a 
different form, as there is the ftrongeft reafon for fup¬ 
pofing, the white oxide of lead has a ftronger affinity for 
it than foda has, and ought therefore to decompofe it. 

3. Muriat of ammonia, or fal ammoniac. This fait ^ 6f 

was known to the ancients, and was called by them /Ammonia. 
ammoniac, becaufe it was found in great quantities near 
the temple of Jupiter Ammon in Africa f. t Pliny, 

It affumes the form of plumofe cryftals. The indi l‘*)' xxx‘- 
vidual cryftals are long hexahedral pyramids. Its fpe- ? 
cific gravity is 1,420 ±. ^ Sal Ammo- 

It has an acrid, poignant, urinous tafte. { Kirwan. 
It diffolves in about three times its weight of water 

at the temperature of 60°, and in a much fmaller quan¬ 
tity 01 boiling water. ^ 

It is compofed, according to Kirwan, of 25 parts of 
acid, 30 of alkali, and 45 of water J. R , 

(Lwh;?h is an °paquemafs) it isLr' 
not affected by the air, but its cryftals are liable to de-11, J4. 
liquefce. 

3 A Heat 
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Heat volatilizes without decompofing it. 
The following falls decompofe it by compound affi- 

7 
Sulphat of alumina, 

Nitrat of foda, 

Acetite of barytes, 

-- foda, 
lime, 

Acetite of magnefia, 
.-..—- alumina, 

—-lead, 

Carbonat of barytes, 
--potafs, 
-magnefia (y) 

' Storr, 

699 
Muriat of 
barytes, 

When this fait is fublimed with gold leaf, there is 

found in the neck of the retort an amethyft coloured 
matter, bordering on purple, foluble in water, and form¬ 
ing a purple folution. When filtered there remains be¬ 

hind a purple powder. This fait feems from this to be 

capable of oxidating gold *. 
Crell's New 4. Muriat of barytes. This fait was firft defenbed 
XYifioveries, by Bergman, but it has been moll particularly attended 
&c. Partii. ^ jyr 0rawfOrd. 

It affords oblovig fquare cry Hals. 
It has an unpleafant aflringent tafle. 
It is not very foluble in water. It is foluble in al¬ 

cohol. 
It is not altered by expofure to the air, nor does heat 

in all probability decompofe it. # 
Dr Crawford wrote a treatife on it in 1790, in which 

he recommended its ufe internally for fcrofulous com¬ 

plaints. Care ought to be taken not to give it in too 

large quantities, as, like the other compounds of bary¬ 

tes, it is poifonous. 
The following falts decompofe rt by compound affi¬ 

nity (?.) : 
Sulphat of foda 
—’-ammonia, 

--magnefia, 
alumina, 

I S T R Y. Part 1IE 
It very fpeedily deliquefees when expofed to the air. Muriats. 
By heat it melts into a very hard vitreform fub* —v—^ 

{lance. 
The following falts decompofe it by compound affi¬ 

nity : 
Carbonat of potafs, 
-foda, 

--ammonia*, * Bergmatt, 

. —-barytes, 
--magnefia, 

alumina, 

Sulphat of foda, 
ammonia, 

• magnefia, 

alumina, 
Nitrat of foda, 
—-ammonia, 
--magnefia, 

-- alumina, 

Acetite of barytes, 
--potafs, 

foda. 701 

Nitrat of lime, 
-ammonia, 
-magnefia, 

■ alumina, 

4 Dr Pear. 

Jon. 

700 
Muriat of 
ammonia 
and bary¬ 
tes, 
$ Ann. de 

Chim. iv% 
8. 

701 

Pliofphat of lime f. 

5- 

Nitrat of foda, * .. 
Muriat of ammonia and barytes. This triple fait 

was firft difeovered by Fourcroy. _ It may be formed 
by pouring a carbonat of ammonia into a folution of 

muriat of barytes. It is eafily decompofed by heat, but 
none of the alkalies nor their carbonats are capable of 

altering it J. , , 
6. Muriat of lime. This fait was formerly called 

,OI fixed ammoniac, becaufe it. was commonly obtained by 

Muriat of decompofing fal ammoniac by means of lime, 
lime, jts cryftals are four-fided ftriated pnfms, terminated 

by a very fharp pyramid ; but it is not eafily cryftal- 

lized. 
Its lafte is very bitter. 
It is foluble in about ii parts of cold water, and in 

Jefs than its own weight of boiling water. Alcohol 

diffolves its own weight of it. 
According to Bergman, it is compofed of 3 i parts 

of acid, 44 of lime, and 25 of water. According to 
Kirwan, 100 parts of lime require for faturation 86 

parts of muriatic acid- 

7. Muriat of llrontites. This fait was firft formed Muriat of 

by Dr Hope. Its cryftals are very long, flender, hexa-fhontites, 

gonal prifms. It has a peculiar, fharp, penetrating 

tafle. 
Three parts of thefe cryftals are foluble in two parts 

of water at the temperature of 6o°. Boiling water 

diffolves any quantity of them whatever. 
They contain 42 per cent. of water of cryftalliza- 

tion. 
They fuffer no change when expofed to the air ex¬ 

cept it be very moift ; in which cafe they deliquefee. 
When heated, they firft undergo the watery fufion, 

and are then reduced to a white powder. A very vio¬ 

lent heat decompofes this fait. 
Muriatic acid precipitates this fait from its folution 

in water. That acid, therefore, has a flronger affinity 

for water than the fait has f. t Hio/#, 
8. Muriat of magnefia. This fait abounds in fea Ed'm 

water. t 703 
It is not eafily cryflallized. Bergman’s method was Muriat of 

to evaporate it by a confiderable heat to the proper de-magnefia, 

gree of concentration, and then to expofe it to a fud- 

den cold. By this method he obtained.it in fmali 

needles %. t Bergman, 
It has a very bitter tafle. It is foluble in its ownu 383- 

weight of water §, and in five parts of alcohol ||. 5 Fourcroy, 
A faturated folution of it quickly forms a jelly ; on || Bergman^ 

which if hot water be poured fpongy maffes are formed11- 3^3- 

not even foluble in muriatic acid ^f. 11 Bergman t 

It is compofed, according to Bergman, of 34 parts 
of acid, 41 of earth, and 25 of water. According, to 
Kirwan, loo parts of magnefia. require for faturation 

104,275 of acid *. *JrtK • 
it deliquefees very fpeedily when expofed to the 

air. • 
A ftrong heat decompofes it. When dried in a high 

temperature, it is very cauftic f. # f Wefirum% 

The following fubftances decompofe it by compound Ann.de ^ 

affinity 
Sulphat of foda, 
-ammonia,. 

-alumina, 

Nitrat of ammonia, 

Acetite of potafs; 
--foda, 

-— filver 

Cbim. ii. 
135- 

{ BergpWfo 

Carbonat 

(v) Only at the common temperature^ At a high temperature carbonat of ammonia decompofes muriat of 

mafz^Bergman affirmed, that this fait decompofed all the-fulpliats, and propofed it therefore as » c«tam “cans 

of difeovering the prefence of fulpburic acid, however combined in any folution ; for the ff P^ °[ fba1^eS 3r o£ 
moft entirely infoluble in water. But Mr Piffis has obferved, that it does not decompofe fulphat of lime nor o 

potafs. See Ann. de Chim. xv. 317, 
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Muri&t$. Carbonat of barytes, Carbonat of foda 

--ammonia (y). 
and magnefia. This triple 

fait was firft mentioned, we believe, by Bergman. It 

7°4 „ 
Muriat- of 
ammonia 
and mag. 
nefia, 

Carbonat of barytes, 
---potafs, 

9. Muriat of ammonia 

* Ann. de 

Ch'm. iv. 
ni2, 

7 °S 
Muriat of 
alumina, 

706 
Muriat of 
jargonia, 

may be formed by pouring ammonia into a folution of 

muriat of magnefia. Part of the magnefia is precipita¬ 
ted, but great part of it remains diffolved, and com¬ 
bined with the acid and the ammonia. This triple fait 
is compofed, according to Fourcroy, of 73 parts of mu¬ 
riat of magnefia and 27 of muriat of ammonia *. 

10. Muriat of alumina.—This fait cryftallizes with 
difficulty. It has an aftringent tafle. Its folution is 
gelatinous, and cannot be filtrated without much dilu¬ 
tion in water. It is deliquefcent. When evaporated 

to drynefs, it forms a gummy mafs : in a ftrong heat it 
is decompofed. 

The following falts decompofe it by compound affi¬ 
nity 

Nitrat of ammonia, 
Acetite of barytes, 
--—— potafs, 

■ * foda, 
lime, 

Acetite of magnefia, 
Carbonat of barytes, 
-potafs, 
-foda, 

II. Muriat of jargonia.—This fait is eafily formed 
by pouring muriatic acid on newly precipitated jargo¬ 
nia. It is colourlefs; its tafte is very aftringent : by 
evaporation it furnifhes fmall tranfparent cryftals in 
needles, which lofe their tranfparence in the air. Mu¬ 
riat of jargonia is very foluble in water and in alcohol ; 
to the flame of which it does not communicate any par¬ 
ticular colour. Heat decompofes it ; and it is decom¬ 
pofed likewife by the faliva when taken into the mouth. 

When muriat of jargonia contains a little filica, it 

forms cubic cryftals without confidence, and refembling 
a jelly. Thefe cryftals, when expofed to the air, gra¬ 
dually lofe their tranfparency, and diminiffi in volume, 
and there are formed in the middle of the fait white 
filky needle-fhaped cryftals. 

Muriat of jargonia is decompofed by fulphuric acid; 
part of the fulphat precipitates, and part remains dif¬ 
folved in the muriatic acid. When this acid is driven 
off by heat, the remainder of the fulphat is gradually 
deposited : if the evaporation be flopped before the mate 
be reduced to drynefs, it forms a kind of jelly when 
cold. It is alfo decompofed by the phofphoric, citric, 
tartarous, oxalic, and facchola&ic acids, which form 
with jargonia infoluble compounds that precipitate in 
white flakes. 

The gallic acid poured into muriat of jargonia pro¬ 
duces a white precipitate ; but a green, bordering on 
grey, if the jargonia contain iron ; and this laft pre¬ 
cipitate becomes, when dry, of a bright black colour, 
and refembles China ink. The liquid preferves a green- 
ifh colour ; new portions of gallic acid produce no far¬ 
ther precipitation ; but carbonat of ammonia feparates 
in great abundance a flaky matter of a purplifh colour, 

not unlike that of the leys of wine. From thefe expe¬ 
riments it follows, that gallic acid has a greater affinity 
for jargonia than muriatic acid has ; and that the gal- 

lats of jargonia and iron are foluble in muriatic acid. 

Carbonat of potafs decompofes muriat of jargonia, 

* Vauqutlirt9 
the Ann. de 

S T R Y. 
and part of the carbonic acid combines with the earth, 
and renders it eafily foluble in acids though dried. 

Carbonat of ammonia occafions a precipitate, which 
is moftly diffolved by adding more carbonat. 

Pruffiat of mercury produces an abundant precipi¬ 

tate, which is foluble in muriatic acid ; and which con- 
fequently is not muriat of mercury. 

A plate of zinc, introduced into a folution of muriat 
of jargonia, occafions a flight effervefcence ; the liquor 

becomes milky, and in a few days becomes a white fe¬ 
rn itranfparent jelly. 

Alumina decompofes muriat of jargonia with the 
affiftance of a flight heat : the alumina diffolves, the li¬ 
quor becomes milky, and affumes the form of a jelly. 
When the muriat contains iron, it remains in the folu¬ 
tion, and the precipitated jargonia is quite pure. Here, 
then, is a method of freeing jargonia from iron *. 

12. Muriat of iron.—Muriatic acid forms with 

green oxide of iron a fait which cryftallizes in flatCblm xxii* 
needles, When expofed to the air, they deliquefce, *01, 

and the green oxide attradls oxygen, and is gradually \7u°ilt of 
converted into a brown oxide. Heat decompofes this iron, 

falt- ... ?oS 
13. Muriat of zinc.—This fait, procured by diffoh Muriat of 

ving zinc or its oxide in muriatic acid, does not cryftal-zinc> 
lize. Its folution is colourlefs. When heated, it be¬ 

comes of a blackifh brown. By diftillation, a part of 
the acid is feparated, and muriat of zinc remains be¬ 
hind of a milk-white colour, folid, and formed of finall 
radiated needles. It attracts moifture in the air. 

14. Muriat of manganefe.—Muriatic acid 
the white oxide of manganefe. Its folution affords by manKariefe, 

evaporation angular {hilling cryftals f : They are deli-\*cbeele ?n 
quefeent and foluble in alcohol 

14. Muriat of cobalt.—The folution of oxide of co« Mineral, ii. 

bait in muriatic acid is of a pale red, except it be con-37- 

taminated with nickel or iron, when it is greenifh. It 

cryftallizes in fmall needles, which are very deliquefcent. 1 ‘ * 
Heat decompofes it. 711 

16. Muriat of nickel.—This fait is deliquefcent, and^IckeJ» 
lofes its acid when expofed to the air §. -j 

17. Muriat of lead.—Muriatic acid combines with 7™ 
oxide of lead eafily enough : but this fait is more readi¬ 
ly procured by pouring muriatic acid into a folution of 
nitrat of lead ; the muriat immediately precipitates in 
the form of a white powder. It is foluble in 30 times 
its weight of boiling water ; and the folution yields by 
evaporation fmall, flender, brilliant needles in bundles. 

It is fomewhat deliquefcent. When expofed to heat, 
it melts into a brown mafs, formerly called corneous 

lead. 

It is decompofed by compound affinity by 
Sulphat oi lilver ||, , 
Carbonat of foda. 

18. Muriat of tin.—This fait may be formed by dif- 
folving tin in hot muriatic acid. By evaporation it 
affords needle-fhaped cryftals, which are deliquefcent. 

This fait has a ftrong affinity for oxygen. It de¬ 

compofes oxy-muriatic, nitric, fulphurous,°arfenic, mo- 
lybdic, and tungftic acids, the red oxide of mercury, 

black oxide of manganefe, oxide of antimony, zinc. 111- 

3 A 2 ver, 

709 
diffolves Muriat of 

Lead, 

Bergman 

7U 
Tin, 

(y) Only at a high temperature. See Muriat of Ammonia. 
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ver, and gold; and by that means is converted into oxy- 
muriat of tin. It even abforbs oxygen when expofed 

* Pelletier, to the air *. Thefe compofitions are doubtlefs produ 
Ann.de ce(] by difpoftng affinity, 

19. Muriat of copper.—This fait may be formed by 

diffolving copper or its oxide in muriatic acid.. 
Its cryftals are prifmatic. It is of a beautiful grafs 

green colour. It has a very aftringerit and cauftic tafte. 

It deliquefces when expofed to the air. A moderate 
heat is fufficient to melt it; and when cooled it congeals 
into a mafs. It requires a ftrong heat to volatilize it. 

It is decompofedby nitrat of filver f. 
20. Muriat of bifmuth.—This fait cryflallizes with 

difficulty. By fublimation it forms a foft fufible fub- 

ftance, formerly called butter of bifmuth. 

21. Muriat of antimony.—This fait is found native. 

' It cryftallizes in prifms. When heated it evaporates.. 
22. Muriat of arfenic.—This fait cryftallizes ; it is 

x very volatile, and not very foluble, in water 
23. Muriat of mercury.—This fait may be prepared 

by pouring diluted muriatic acid into a diluted folu- 
tion of nitrat of mercury : the muriat of mercury is 

immediately precipitated in the form of a white pow¬ 
der. Common fait may be ufed inftead of muriatic.acid, 

Cbim. 

205- 

714 
Muriat of 
copper, 

f Bergman. 

7*5 
Muriat of 
bifmuth, 

716 
Antimony: 

717 
Arfenic, 
1 Bergman 

ii. 393. 
718 

Mercury, 

§ Bergman, 

719 , 
Muriat of 
sttntnonia 

and mer¬ 
cury, 

|3 Fourcroy, 
Ann de 

Chtm. xiv. 

47- 
72O 

Muriat of 
filver, 

IV , 
Muriat of 
titanium. 

This fait was formerly called while mercurial precipitate 

and calomel. 
It cryftallizes; but the form of.the cryftals, which 

are very fmall, has not been determined. 
It has little tafte. It is almoft infoluble in water. 

It is ufed as a medicine. 
It is decompofed by futphat of ammonia $. 
24. Muriat of ammonia and mercury.—This triple 

fait was firft difcovered by Fourcroy. It may be form¬ 
ed by pouring ammonia into a folution of corrofive mu- 
riat of mercury. It has the appearance of a white 

powder. Its tafte is at firft earthy, afterwards metallic. 
It is*nearly infoluble in water. A ccording to Fourcroy’s 

analyfis, it is compofed of 81 parts of oxide of mercury, 

16 of muriatic acid, and 3 of ammonia. 
bleat decompofes it; producing ammonia, azotic gas, 

and muriat of mercury. 
Sulphuric, nitric, and muriatic acids decompofe it |[. 

25. Muriat of filver.—'This fait may be formed by 
diffolving oxide of filver in muriatic acid, or, which is 
better, by pouring muriatic acid into nitrat of.filver; 

muriat of filver immediately precipitates. It is very 

little foluble in water ; according to Monnet, one part 

of it requires 3072 parts of water. 
When expofed to a fmall heat, it melts into a grey fe- 

mitranfparent mafs, not unlike horn ; hence it was for¬ 

merly called lima cornea. A long continued heat de¬ 
compofes it. This fait is very cauftic : it is employed 

as an efcharotic under the name of lunar caujllc. 
26. Muriat of titanium has been formed by Mr Kla¬ 

proth. 

Sect. VI. Of Oxy-muriats. 

Those falts, into which the oxy-muriatic acid enters 
as an ingredient, are called oxy-muriats. As we confi- 
der the nitro-muriatic acid to be precifely the fame 

■with the oxy-muriatic, its combinations of courfe muft 

receive the fame name. 

S T R Y. Part III. 
i. Oxy-muriat of potafs.—This ftngular fait was dif- Oxy-mu* 

covered by Mr Berthollet in 1786. It may be formed nats- f 

by faturating a folution of potafs with oxy-muriatic 

acid gas. By evaporating this folution in the dark, Oxy-mu- 
common muriat of potafs is firft obtained : When it. is riat ot pot* 

feparated, and the liquor allowed to- cool, oxy-muriat 

of potafs cryftallizes. 
Its cryftals are rhomboids, of a filvery brilliancy. . 
It has an infipid cooling tafte, refembling that of nitre. 

It is foluble in 17 parts of water at the temperature of 
60, and in parts of boiling water *. It does not * Hoyle, 

deliquefee in the air; but light converts it into com-Nicbolfvns 

mon muriat by feparating oxygen. When heated, it “* 

melts, and gives out oxygen gas ; and this is the beft 
method hitherto difcovered of obtaining that gas in a 
ftate of purity. According to Mr Hoyle, it contains . 

about half its weight of concrete oxygen f. f IbidL 
When mixed with charcoal, iron, and. many other 

combuftibles, and heated, it detonates with aftonifhi.ng 

violence. This property induced the French chemifts 
to propofe it as a fubftitute for nitre in the preparation 

of gunpowder. The attempt was made at Effons in 
1788 ; but no fooner had the workmen begun to tritu¬ 

rate the mixture of charcoal, fulphur, and oxy-muriat* 
than it exploded with violence, and proved fatal to Mr 
Letors and Mademoifelle Chevraud. The force of this 
gunpowder when it is prepared is much greater than that 

of the common fort of powder ; but the danger of pre¬ 
paring it, and even of uiing it after it is prepared, is fo 
great, that it can hardly ever be fubftituted with advan¬ 

tage for common gunpowder. 
Fourcroy and Vauquelin afcertained by experiment* 

that this fait exploded when triturated with fulphuiy 
charcoal, antimony, arfenic, cinnabar, fugar, gums, oils* 

alcohol, ether, and fulphuret of iron. When thefe fub- 
ftances were mixed, and ftruck with a hammer, the ex- 
plofion took place. The theory of thefe^ explofions 

was firft pointed out by Mr Berthollet. T- he oxygen 
of the oxy-muriatic acid combines with the combuf- 
tible, and at the fame time lets go a quantity of calo¬ 
ric ; and trituration or percuffion a&s merely by bring¬ 
ing the particles which combine within the fphere of 

each others attra&ion. 723 
2. Oxy-muriat of foda. This fait was difcovered atOxy-mu- 

the fame time by Mr Berthollet. Its properties areriat 

the fame with the laft, except that it is too deliqueft 

cent to be ufed. ^ # .... 
3. Oxy-muriat of ammonia.—This combination is im- 

pollible. The oxy-muriatic acid and ammonia decom¬ 

pofe each other. 724 
4. Oxy-muriat of barytes. 1 Thefe falts were dif-Oxy-mu- 
! _I_lime. Y covered by Berthollet of ba- 

6.-magnefia. $ alfo. They all poffefs^*^* 

the property of detonating with combuftibles, and of 

being reduced by that means to the ftate of common 
muriats. Mr Tennant has lately propofed the oxy- 

muriat of lime as a fubftitute for the other fubftances 
formerly ufed in the new mode of bleaching ; particu¬ 

larly for bleaching printed cottons : And, as far as wc 
can learn, it anfwers the purpofe remarkably well (z). 725 

7 Oxy-muriat of mercury.—This fait was formerly Oxy-mu- 

cailed corrofive fublimate, and afterwards corrofive muriat 

(z) We have been informed, that this fait had been ufed by bleachers in Scotland fome years before Mr Ten¬ 

nant propofed it. 
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of mercury . Berthollet firft pointed out the nature of 

its compofition. 
This fait was mentioned by Rhafes in the ioth cen¬ 

tury ; and it feems to have been known in the eaft at 
a much earlier period (a). The methods of preparing 

it ufed by the older chemifts were numerous, complica¬ 
ted, and generally concealed as fecrets. We {hall not 
attempt, therefore, to give any account of them ; and 
the methods ufed by later chemifts have been defcribed 

at confiderable length in the article Chemistry f£n- 

* cycL n° 815.) 
It may be prepared by diftblving mercury in a fuffi- 

cient quantity of oxy-muriatic acid, or by diffolving red 

oxide of mercury in common muriatic acid. 
When • carefully cryftallized, this fait affumes the 

form of cubes or oblique parallelopipeds, or rather qua¬ 
drangular prifms, with fides alternately narrower, and 
terminated by two inclined planes meeting together. 

It has an exceedingly difagreeable metallic tafte. 
It is foluble in 19 times its weight of water at the 

*Spklman. temperature of 50°*. Boiling water, according to Mac- 

quer, diflolves half its weight of it. Alcohol, at the 
temperature of 70°, diffolves |ths of its weight of this 

t Macjuer. fait 
It does not attra& moifture from the air. 
It is foluble in fulplmric, nitric, and muriatic acids. 
When triturated with Jths of its weight of mercury 

and a little water, and then fublimed, it forms a white 
infipid fait, called formerly calomel or fweet mercury: 
This, as Scheele has proved, is precifely the fame with 
common muriat of mercury. 

The theory of thefe two preparations is now pretty 
obvious. The experiments of Adet and Pelletier have 
fhewn, that oxy-muriatic acid may be obtained from 
corrofive muriat of mercury J:. We may conclude, 
therefore, with confidence, that the fait is an oxy-mu- 
riat. It cannot be prepared by means of common mu¬ 
riatic acid, except with red oxide of mercury, or fome 
other fubftance from which it may abforb oxygen. 
When pure mercury is added to oxy-muriat, it feizes 
the oxygen from the oxy-muriat, and the whole is con¬ 
verted into common muriat. 

It is decompofed by 
Tartar, 

Moll metals. 
8. Oxy-muriat of tin. When an amalgam of tin is 

triturated with its own weight of corrofive muriat of 
mercury, and the mixture is diftilled in a glafs retort 
by means of a very gentle heat, there paffes over a thick 
white fmoke, which condenfes into a colourlefs liquor 
that emits copious fumes, and has been called, in con- 
fequence, fmaking liquor of Libavius. This liquor was 
examined by Mr Adet. He found, that when about 
yd part of water was added to this liquor, it ceafed to 
fume, and affumed a cryftalline form ; that then it 
might even be made red hot without fubliming. It 
therefore owes its volatility to want of water, or rather 
to a ftrong attraction for water. He found that this 
fubftance was capable of diffolving, and therefore of 
oxidating more tin, without the emifiion of any hydro¬ 
gen, and confequently without the decompofition of 

% Ann. <k 
dim. i. 1. 
and xii. 
22$. 

716 
Oxy-mu¬ 
riat of tin, 
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water 5 he concluded from this, that it was compofed of Phofphats. 

oxy-muriatic acid and tin *. This has been completely 
proved by Mr Pelletier, who found that when oxide of^^j £ 
tin was combined with oxy-muriatic acid, it formed a 

compound precifely the fame with the ftnoking liquor 

of Libavius f. t * 
This fait may be prepared, as Pelletier has proved, clim• 

by diffolving tin in muriatic acid, and then faturating it22^* 

with oxy-muriatic acid gas. 

It is ufed in dyeing. 727 
9. Oxy-muriat of iron. This fait is deliquefeent ; Oxy-mu- 

colourlefs ; of a pure bitter tafte, without any of the riat of iron, 

fweet aflringeucy of the common falts of iron f Lambe, 
Few of the other oxy-muriats have been hitherto ex- Manchefer 

amined with attention: Many of the metals, indeed,Mem- v* 
have been diffolved in aqua-regia; but in moll of thefe P*1' 
folutions the fait produced is a common muriat. The 
nitric acid fupplies oxygen, and the muriatic acid dif¬ 

folves the oxide. 

Sect. VII. Of Phofphats. 

Those falts, into which phofphoric acid enters as 
an ingredient, are called phofphats. This clafs of falts 

was firft difeovered by Margraf. . 7*8 
1. Phofphat of potafs. This fait cryftallizes in fhort Phofphat 

tetrahedral prifms, terminated by quadrangular pyra- potafs, 

mids. 
It is very foluble in cold water, and ftill more fo in 

hot water. 
It decrepitates on ignited coals like common fait. 

When a very ftrong heat is applied, it melts into an 

opaque vitreous mafs, ftill foluble in water. 
The following falts decompofe it by compound affi¬ 

nity : 
Sulphat of lime, Muriat of mercury, 
Nitrat of mercury, Acetite of lead. ^9 

2. Phofphat of foda.—Dr Pearfon, who firft formed phofphat 
this fait, gives the following procefs for preparing it : of foda, 

Diffolve in a long-necked matrafs 1400 grains of cry¬ 
ftallized carbonat of foda in 2ICO grains of water at the 
temperature of 150°. Add gradually 500 grains of 

phofphoric acid of the fpecific gravity 1,85. Boil the 
liquor for fome minutes ; and while it is boiling hot, 
filtrate it, and pour it into a (hallow vefTel. Let it re¬ 
main in a cool place, and cryftals will continue to form 
for feveral days. From the above quantities of mate¬ 
rials he lias obtained from 1450 to 1550 grains of 

cryftals. 
Its cryftals are rhomboidal prifms, of which the acute 

angles are 6o3, and the obtufe angles 120°, terminated 
by a three-Tided pyramid. 

Its tafte is almoft tlie fame with that of common fait. 
It is foluble in water. When expofdd to the air it 

efflorefees. 
This fait lias been introduced into medicine as a pur¬ 

gative, and on account of its pleafant tafte has of late 
been much ufed. It is ufually taken in broth, which 

it is employed to feafon inftead of common fait. 
Hellot remarked a particular fait in urine, different' 

from thofe that Fad ufually been obferved, in 1737. 

Haupt defcribed it in 1740 under the name of fal mi~ 

rabile 

(a) If we liilen to Junker, the ancients applied the name mercurium to this fait \ mercury they called arget> 

turn vivum. 
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r a bile perlahmy or wonderful ferhted fait* It was call¬ 
ed per luted from the grey, opaque, pearl-like colour 

which it afTumed when melted by the blow-pipe. Mar- 

:graf defcribed it in 1749, and found it would not yield 
phofphorua when treated with charcoal, as the other 
falls of urine did. Rouelle the Younger analyfed it in 

1776, and concluded from his experiments that it was 
a compound of phofphoric acid and foda; but Mr 
Prouil, being unable to obtain phofphorus from it, con¬ 
cluded, that it did not contain phofphoric acid, but 

another acid analogous to the boracic. To this fub- 
flance, which Mr Proud a&ually obtained, Bergman 
gave the name of perlated acid, and Morveau afterwards 
called it ouretic acid. But Mr Klaproth foon after¬ 

wards analyfed it, and proved that it confided of foda 
fuperfaturated with phofphoric acid. Scheele foon af¬ 
ter made the fame difcovery. This acid of Mr Proud, 
then, is merely phofphat of foda combined with pliof* 
phoric acid, or acidulous phofphat of foda. 

3. Phofphat of ammonia.—This fait forms oblong- 

pointed crydals, or, as Mr Lavoider affirms, crydals re- 
fembling thofe of alum. 

It is foluble in water. Heat evaporates it fo eafily, 

that it is difficult to obtain it in crydals except by add¬ 
ing an excefs of alkali. 

Microcofmic fait, or fait of urine, is merely a mixture 
of tliefe two lad defcribed falts. 

4. Phofphat of barytes.—This fait is infoluble in 
water *. 

5. Phofphat of lime.—This fait is tadelefs, and al- 
mod perfe&ly infoluble in water. It forms the bafis 
of bones, and is therefore often called earth of bones. 

Wenzel obferved it crydallize when held in folution by 

phofphoric acid. 
It is decompofed by fulphat of ammonia f. 

Carbonat of potafsj, 
—-foda §. 

6. Phofphat of drontites.—This fait was fird formed 

by Dr Hope. It is a white powder foluble in 1920 

parts of boiling water |[. 
7. Phofphat of magnefia.—This fait does not cry¬ 

dallize except with excefs of acid, and then the cry- 
ftals are very (mail. Somewhat longer crydals may be 
formed by dropping phofphoric acid into acetite of mag¬ 
nefia. It mod commonly forms by evaporation a gum¬ 

my mafs. It is foluble in alcohol ^[. 
It is infoluble in nitric acid. It melts by a drong 

heat into a porcelain-like fubdanee *. 
8. Phofphat of alumina.—This is a faline powder, 

infoluble in water. Diflolved in phofphoric acid, it 

yields a gritty powder, and a gummy folution, which 

by heat is converted into a transparent glafs. 
9. Phofphat of iron.—This fait is merely a dry ad¬ 

hesive mafs, infoluble in water, but foluble in acids. 

With excefs of acid, it forms crydals which do not de- 
liquefce, and by heat are converted into a garnet-co¬ 

loured glafs f. 
10. Phofphat of zinc.—It does not crydallize, but 

when evaporated becomes a gummy mafs, which may 

be melted into a tranfparent glafs J. 
11. "Phofphat of manganefe.—The folution of the 

oxide of manganefe in phofphoric acid is reddifh, but 
becomes white on expofure to the air. 

, 12 Phofphat of nickel.—It is greenifh, and does not 

crydallize §. 

S T R Y, Part III, 
13. Phofphat of arfemc,— It cryftallizes in Small Worsts, 

grains hardly foluble in water *. v-v-— 

14. Phofphat of uranium.—Fird formed by Klap- of arftni 
rotli. It does not crydallize, but affumes the appear-* Bergman 
ance of yellowifh white hakes, difficultly foluble inii. apo. J 
water. 741 

15. Phofphat of antimony and lime.—Dr Pearfon ura” 
has difeovered, that the well known medicine called 742 

fames* s Powder is a triple fait, compofed of phofphoric James’s 

acid, oxide of antimony, and lime. It is very infoluble powder, 
in water* 

The remaining phofphats are Scarcely known. 

Sect. VIII. Of Borats. 

743 

The compounds into which the boracic acid enters 
are called borats. 

1. Borat of potaSs.—This Salt, formed by combining Borat of 
boracic acid and potafs, is very little known. Baron potafs, 

fird formed it. Borat of potafs crydallizes, is foluble 
in water, and may be melted into a vitreous mafs, fo¬ 
luble in water. 744 

2. Borat of foda or borax.—This fait is brought Of foda3 

from the Ead Indies in an impure date under the name 
of tinkal. When purified in Europe, it takes the name 
of borax. 

Its crydals are hexangular prifms, of which two Tides 
are much broader than the remainder, terminated by 
triangular pyramids. It is of a white colour. Its fpe- 
cific gravity is 1,740. 

Its tade is dyptic and alkaline. 

It is foluble in 18 times its weight of water of the 

temperature of 6o°, and 6 times its weight of boiling 
water. 

It is compofed, according to Bergman, of 17 parts 
of foda, 39 of acid, and 44 of water. 

When expofed to the air, it efflorefees flowly and 
Ilightly. 

When heated, it fwells, lofes about four-tenths of its 
weight, becomes ropy, and then aflumes the form of a 
light, porous, and very friable mafs, known by the name 
of calcined borax ; it then melts into a tranfparent glafs, 
dill foluble in water. 

By compound affinity it is decompofed by 

Nitrat of mercury f. _ f Btrgma,. 
When two pieces of borax are ft ruck together in the 

dark, a flafh of light is emitted J. j Aceum, 

Borax has the property of facilitating the fufion of Nkholfons 
a great number of bodies. This property renders it Journal, iL 

ufeful in glafs-making, in allaying ores, and in folder-1*** 
ing metals. 

Borax turns fyrup of violets green; it appears there¬ 
fore to be fuperfaturated with alkali. 

The real borat of foda, or the fait in which boracic 
acid and foda faturate each other, has not yet been exa¬ 
mined with attention. According to Dr Withering, 

foda requires twice its weight of boracic acid to fatu¬ 

rate it. # 745 
3. Borat of ammonia.—This fait has been examined of ammo* 

only by Mr Fourcroy. nia. 
Its crydals are polyhedral pyramids. 
It has a poignant urinous tade, and turns fyrup of 

violets green. It diffolves readily enough in water., ^ourcro ** 
When expofed to the air, it gradually lofes its crydal- CbemiJWy, * 

line form and becomes brown §, Partu. 

4. Borat ch. 4. 
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Of aiumi- 
*a, 

750 
Of iron, 

751 
Of zinc, 
} Reufs. 

75* 
Cobalt, 

S"- 
753 

Nickel, 
|J Bergman 

754 
Lead, 

Reufs. 

755 
Tin, 

75*> 
Copper, 

4. Borat of barytes.—Unknown, 
5. Borat of lime.—It is difficultly foluble in water, 

and did not cryftallize with Beaume. 
6. Borat of ftrontites.—This fait was firft formed by 

Dr Hope._It is a white powder, foluble in about 130 

parts of boiling water. The folution turns the fyrup 

* HoP/Ur of violets green *. 
Trail}, natn. ^ Borat of magnefia.—It affumes the appearance ot 

,V’ 748 fmall irregular cry Hals. It is foluble in acetous and for- 
Of magne- mic acids. Alcohol decompofes it. It melts eaiily in 

the fire without being decompofed f. 
+ BerSman' Borat of alumina.—It does not cryftallize, and is 

fcarcely foluble in water. 
9. Borat of iron.—Its cryftals are of a yellow colour, 

but the fait has never been examined with attention. 
10. Borat of zinc.—This fait does not appear to be 

capable of cryftallizing. By heat, it melts into a light 

green infoluble flag %. 
11. Borat of cobalt.—When oxide of cobalt is melt¬ 

ed with boracic acid, a bluifh grey flag is produced. 
This, by lixiviation and evaporation, yields cryftals of 

a reddifh white colour and ramified form §. 
12. Borat of nickel.—A faline fubftance difficultly 

foluble ||. ' 
j 3. Borat of lead.—When boracic acid and red oxide 

of lead are melted together, the product is a fine green- 

ifh yellow', tranfparent, hard, infoluble glafs ^f. 
14. Borat of tin.—When equal parts of boracic acid 

and tin filings are melted together, the produA diflol- 
ved in water yields by evaporation tranfparent white 

polygonous cryftals. 
15. Borat of copper.—When borax is poured into a 

folution of fulphat of copper, borat of copper is preci¬ 
pitated in the form of a pale light green jelly, which when 
dried is with great difficulty foluble in water. It eafily 

4 Bergman* melts into a dark red vitreous fubftance*6. According 
to Palm, by long trituration of filings of copper and 
boracic acid in water, and then digefting the mixture, 
it diffolves, and cryftals may be obtained from it. 

16. Borat of bifmuth.— A white powder, which 
melts into a white tranfparent permanent glafs f.. 

17. Borat of arfenic.—White oxide of arfenic and 

boracic acid form a fait foluble in water and cryftal- 

iizable J, 

Sect. IX. Of Fluats. 

Those falls into which fluoric acid enters are called 
jluats. They were firft formed by Scheele. 

1. Fluat of potafs. It forms a gelatinous mafs al- 

moft without tafte. 
It diffolves readily in water. When expofed to the 

fire it melts without any ebulition §. 
2. Fluat of foda^ This fait refemblea exaAly the 

fluat of potafs If, 
3. Fluat of ammonia. It cryftallizes in fmall prifms. 

It is deliquefeent, and is partly decompofed by heat^j. 

It is decompofed by 
Nitrat of mercury, 
--— filver, 

-lead. 

Barytes, 4. Fluat of barytes. A powder which requires- a 
* Bergman, large quantity of water to diffiolve it*; 

.7^3 Fluat of lime. This fait-abounds in nature. It 

is known by the name of fluor fpar. 
It cryftallizes molt commonly in the form of cubes* 

757u Bifmuth, 
f Wenzel, 

758 
Arfenic, 

% Reufs. 

759 
Fluat of 
potato, 

§ Scheele Oil 

fluor, 
760 

Soda, 
H Ibid, 

76r 
Ammonia, 

Wiegleb, 

764 
Magnefia, 

* Bergman* 

ii. 384. 

765 
Alumina, 

766 

Silica* 

It is taftelefs and nearly infoluble in water. 
It is not altered by the air. Its fpecific gravity is 

about 3,1. 
When expofed to a fudden heat it decrepitates. A 

very violent heat melts it into a white opaque mafs. 
When reduced to powder and heated it becomes phof- 

phorefeent ; but it lofes this quality altogether if it be 

heated red hot. 
6. Fluat of ftrontites. This fait was formed by Dr 

Hope : but its properties have not been examined. 
7. Fluat of magnefia.—It is not foluble in water ex¬ 

cept there be an excefs of acid. In that cafe, by lpon- 
taneous evaporation, it forms hexagonal prifms, termi¬ 

nated by a low pyramid compofed of three rhomboidal 

fides. 
Thefe cryftals are hardly foluble in water. Alcohol 

diffolves a fmall portion of them. Heat does not de- 
compofe them *. 

8. Fluat of alumina. A faline mafs; which is fweet 
ifh, clammy, and gelatinous. 

9. Fluat of filica. Little is known concerning this 
fmgular combination, except that it can exift in a ga- 

feous form, and/that it depofites filica in cryftals after a 
certain time. 

10. Fluat of filica and potafs or foda. This triple 
fait may be formed by pouring fixed alkali into a folu¬ 
tion of fluat of filica. It contains an excefs of acid. 

On evaporation it yields a kind of jelly, which when 
dry feparates into gritty particles like fand. It is fo¬ 
luble in 96 parts of hot water. In the fire it readily 
melts into a white mafs. If the heat be continued the 
acid feparates, and there remains a tranfparent glafs, 
which is foluble in water, and forms a liquorJilicum\, 

11. Fluat of iron. It is incryftallizable ; but when 
evaporated leaves a hard mafs. 

12. Fluat of zinc. It refembles that of iron. 
13. Fluat of manganefe. It may be formed by pour¬ 

ing lluat of ammonia into a folution of oxide of zinc in 
any of the three mineral acids. It cryftallizes. 

14. Fluat of cobalt. A yellow gelatinous mafs, 
15. Fluat of nickel It affords green cryftals,- 

^16. Fluat of lead. A fweet tailed powder. 
17. Fluat of tin. A naufeous tailed jelly. 

18. Fluat of copper. - Blue cryftals ; fome of them 
oblong, others cubic. 

19. Fluat of arfenic. Small cryftals. 
20. Fluat of mercury. A powder. Before the blow¬ 

pipe it melts into a yellow glafs, moft of which evapo¬ 
rates by a continued heat J;. 

Sect. X: Of C arbor, at s, 

The compounds into which the carbonic acid enters 
are called carlonats. They were firft analyfed by Dr 
Black. 

1. Carbonat of potafs* This fait is formed by Tatu-Ca/bo„aft 
rating potafs^with carbonic acid, which is beft done byofpotafe 
expofmg a folution of potafs for a confiderable time to 
carbonic acid gas* 

It cryftallizes, according to Bergmau, in quadrangular 
prifms ; the apexes of which are compofod of two in¬ 

verted triangles, converging like the roof of a ffioufe ||. \\ Bergman 
According, to Pelletier they are tetrahedral rhomboidal 

prifms, with dihedral fummits. The complete cryftal 

has eight faces, two hexagons, two reAangles, and four 
rhombs «L. **»»'J* 

n Chim. XV,.,- 
> At- 

-f- Scheele, 

Crell's four*, 

naly i. 207.* 
Eng.Tranfl* 

767 

Metallic 
fluatsi 

f Scheele OH 
Fluor. 
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Carbonats. It haa m alkaline, hut not a cauftic tafte. 
'-v—-J It is foluble at the common temperature in about 
* Bergman, four tjmes weight in water *. Boiling water dii- 

•{■ Pdletkr. folves -J-ths of its weight f. Alcohol, even when hot, 

XU 

does not difTolve above Parts 
According to Bergman, it is compofed of 48 parts of 

potafs, 20 of acid, and 32 of water. According to Pel¬ 

letier, of 43 parts of acid, 40^ potafs, and 17 of water. 
Bergman under-rated the quantity of acid from not ob- 

ferving that the fait lofes part of its acid when heated. 
Even folution in hot water produces a feparation of 

fome acid J. 
It is not altered by expofure to the air. 
Heat deprives it of its water and part of its acid, but 

does not decompofe it completely. The following falts 

decompofe it by compound affinity : 

I S T R Y. ParcIIt, 
cold water. Hot water diftolves its own weight of it. Carbonats. 

According to Bergman it is compofed of 43 parts of 
alkali, 45 of acid, ^and 1 2 of water. 

When expofed to the air it becomes fomewhat moift. 
The fmalleft heat is fufficient to evaporate it. 
The following falts decompofe it by compound affi¬ 

nity ; 
Acetite of barytes, 
--lime, 
-magnefia, 
-alumina. 

Sulphat of lime, 
-barytes, 
... foda, 
- — ammonia, 
---- magnefia, 

* ' alumina, 

Muriat of barytes, 
-lime, 

§ Bergt 

\\U 
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Carbonat 
of foda, 

Nitrat of barytes, 
---foda, 
—-— ammonia, 
-magnefia, 

-alumina, 

Acetite of barytes, 
--—. lime, 
-ammonia, 

-ammonia,-magnefia, 

■ ■ ■magnefia, --- alumina, 
-.- alumina, Oxy-muriat of mercury, 

--- foda §, Phofphat of lime ||. 

Nitrat of lime. 
When potafs is faturated with carbonic acid it al¬ 

ways lets fall a quantity of iilica. Mr Pelletier has pro- 
pofed this faturation as the bell method of purifying 

potafs from that earth. 
2. Carbonat of foda. This fait may be formed in the 

fame manner with carbonat of potafs. 
Its cryftals are five-fided prifms, with one of the an¬ 

gles frequently truncated, furmounted by dihedral pyra¬ 

mids with rhomboidal faces. 
Its tafte is precifely the fame with that of carbonat 

of potafs. 
It is foluble in double its weight of cold water. 
It is compofed, according to Bergman, of 16 parts 

of acid, 20 of alkali, and 64 of water.. 
It efRorefces when expofed to the air. Heat is inca- 

5 Bergman, a^e Qf decompofmg it completely f. 

*• l8‘ The following falts decompofe it by compound affi¬ 

nity : 

} Bergman. 

* Id. 

t u 
770 

Carbonat 
of ammo¬ 
nia, 
% Bergman, 

i. 

Sulphat of ammonia, 
-barytes, 

--- lime, 
--.- magnefiaj, 

---- alumina, 

Muriat of barytes, 
--ammonia, 
-— lime, 
—-magnefia, 

alumiua. 

Sulphat of alumina, 

Nitrat. of lime, 
Muriat of lime, 
. . — --magnefia, 

--alumina, 
This fait has been 

771 
found Carbonat 

of barytes. 
4. Carbonat of barytes, 

native. 
Its cryftals have been obferved to aflume four diffe¬ 

rent forms; double fix-fided and double four-fided py¬ 

ramids, fix-fided columns terminated by a pyramid with 
the fame number of faces, and fniall radiated cryftals 
i an inch in length, and very thin, appearing to be 

hexagonal prifms, rounded towards the point. 
Cold water diftolves part, and boiling water 

TTX^ part of this fait. Water faturated with carbonic 

acid diftolves -gy^th part*. * Faurcroy, 
According to Dr Withering, who firft difeovered it Ann. de 

native, it is compofed of 80 parts of barytes and 20 of1V* 
acid. Bergman informs us, that artificial carbonat is 4‘ 

compofed of 7 parts of acid, 28 of water, and 65 of 

earth f. t Bergman, 

It is not altered by expofure to the air. i. »i. 
It is decompofedby the application of a very violent 

is decompofed by the fol- 

Nitrat of alumina, 

Muriat of lime, 
-ammonia, 
-magnefia, 

--alumina, 

Acetite of lime, 
magnefia, 

alumina. 
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the Carbonat 

Acetite of barytes, 
-ammonia, 

--- lime, 
----— magnefia, 

--- alumina, 

Nitrat of ammonia, 
-magnefia, 
-alumina, 

-- lead*, 

Phofphat of lime f. 

3. Carbonat of ammonia. This fait forms o£lahe- 

dral cryftals, having for the moftpart their two oppofite 

apexes truncated 
Its tafte and fmell, though much weaker, are the 

fame with thofe of pure ammonia. Like all the alka¬ 
line carbonats it converts vegetable blues to green, pre¬ 

cifely as pure alkalies do. 
It is foluble in rather lefs than twice its weight of 

heatj. ^ ^ \ Dr Hope* 
By compound affinity it 

lowing falts : 
Sulphat of foda, 
--lime, 
..- — ammonia, 

--magnefia, 
-alumina, 

Nitrat of foda, 
--lime, 
—.—-ammonia, 
--magnefia, 

5. Carbonat of lime. This fubftance, under 
names of marble, chalk, lime-ftone, &c. exifts in greatofAiaie- 

abundance in nature, varioufty mixed with other bodies. 
Who?i pure, it is of a white colour, and has very 

little tafte. 
It is infoluble in pure water; but water faturated with 

carbonic acid diftolves part of it ; from this folu¬ 
tion it gradually precipitates as the acid leaves it in 

the form of fmall rhomboidal cryftals §. { 
It is compofed, according to Bergman, of j$4 partsi. 21. 

of acid, 11 of water, and 55 of lime. 
It fuffers little or no alteration by being expofed to 

the air. 
When expofed to heat, it firft lofes its water, and 

afterwards its acid feparates as the heat is increafed : 

But to feparate the acid completely, a very ftrong heat 

is required. 
The following falts decompofe it by compound affi¬ 

nity : 
Sulphat of alumina, 
-copper. . 773 

Carbonat of ftrontites. This fait, which was firft Carbonat 
and foluble in i536°.fftron- 

part$tlteB’ 

\ Bergmant 

6. 
examined by Dr Hope,-is infxpid, 



Part lit. 
Carbonats. parts of boiling water. It is compofed of 30,2 parts of 

acid, 69,8 of flrontites. A violent heat decomposes it *. 

^ralfiSdin. 7* Carbonat of magnefia. This fait may be formed 
j. * by faturating the common magnefia of the {hops with 

774 carbonic acid gas. 
Carbonat of jt diffolves in water Saturated with carbonic acid; 
rpagne 1a. an(j forms by evaporation cryflals, which are tranfparent 

hexagonal prifms, terminated by a hexagonal plane 5 
thefe are partly in groups and partly folitary ; their 

f Butini fur length is about fix lines, their breadth twof. They 
laMagnefte. were difcovered by Mr Butini of Geneva. 

Water at the temperature of 50 diffolves part of 
its weight of this fait When in the {late of powder, 

and of courfe deprived of its water of cryflallization, it 
is much more infoluble; and what is very remarkable, 

it is more foluble in cold than in hot water, impregna¬ 
ted with carbonic acid §. 

It is compofed, according to Fourcroy, of 50 parts 
of acid, 25 of magnefia, and 25 of water. 

When expofed to the air, it efflorefces, and falls into 

|| Fmrcny, Powder [|. 
When heated, it decrepitates, falls into powder, and 

is decompofed <[[. 

The following falts decompofe it by compound affi¬ 
nity : 

Sulphat of lime, 
-ammonia, 

775 -alumina, 
Carbonatof 8. Carbonat of alumina, 
alumina. 
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Quantity of lofs by driving off the gas by folution Acetites. 

4 Fourcroy, 

j4nn.de 
Chim. ii. 
298. 

§ Butini. 

ibid. 

Id. ibid. 

Nitrat of lime, 
Muriat of lime, 
Acetite of lime. 

Carbonic acid is capable of 
diffolving alumina; for if alum be decompofed by an al¬ 
kaline carbonat, fome alumina remains diffolved in the 
liquor, and may be precipitated by a beat fufficient to 

* Bergman, drive off the carbonic acid *. It cannot be doubted, 
i *1. then, that there may be produced a carbonat of alumi- 

776 na; but the fait has never been examined with accuracy. 
Metallic 9. Carbonat of iron. Water faturated with carbo- 
carbonats. nic^ acid diffolves ^5 part of its weight of iron, 

f Bergmjn, which gradually precipitates by expofure to the airf. 
*• 33* Rufl of iron is a kind of carbonat, at leaft it always 

contains carbonic acid. 

10. Carbonat of zinc. Zinc is copioufly diffolved 
% Ibid. by water faturated with carbonic acid As the me¬ 

tallic oxides, when faturated with carbonic acid, do not 
differ materially in their appearance from pure oxides, 
we fhall not attempt to defcribe any of the metallic car- 
bonats. We fhall, however, prefent our readers with 
the following Table, exhibiting a view of the weight 
which metallic oxides gain by being faturated with this 
acid. 

By Bergman. By Wenzel. 
Precipitated by 

100 parts of 

Oxide of zinc, - - - 
iron, 

manganefe, - 
cobalt, - 
nickel, - 
lead, - - - 
tin, - 

copper, - * - 
bifmuth, 
antimony, 
mercury, 

filver, 

gold, - - - 

Suppl.Vol.I. Parti, 

Carb. of Soda. 
Weight. 

100,930 

100,250 

100,800 
100,600 

100,350 
100,320 

100,310 
100,940 
100,300 

100,400 

100,100 
100,290 

X00l060 

Carb. of Potafs. 
Weight. 

100,774 

100,863 

100,304 
100,345 

100,884 
100,224 
*00,395 

100,062 
100,288 

100,326 

according to Wenzel: 

Zinc, 
Iron, 

Cobalt, 
Lead, 
Tin, 

Copper, 

Bifmuth, 
Antimony, 
Mercury, 
Silver, 
Gold, 

°>x37 
0,009 
0,352 

°*157 
0,000 
0,174 

0,056 

0,000 
0,038 
0,158 

0,144 

Thefe determinations differ too widely from each 
other to be exa6l. It is obvious that pait of the weight 
mufl be owing to adhering water, and very probably 
triple falts are formed, which mufl render the determi¬ 
nation Hill more erroneous. 

Sect. XI. Of Acetites. 

The compounds which the acetous acid forms are 
called acetites. ^ 

I. Acetite of potafs. Pliny is fuppofed, but pro-Acetite of 
bably without any reafon, to have been acquainted withiotafs* 
this fait, becaufe he recommends a mixture of vinegar 
and vine afhes as a cure for a particular fpecies of tu¬ 

mor*. It was firft clearly defcribed by Raymond Lully. * P!imi,U 
It has received a great number of names; as, for in- 

flance, arcanum tart art, fecret foliated earth of tartar, ef~ mium' 

feudal fait of wine, regenerated tartar, diuretic fait, digefl 
tive fait of Sylvius• 

Its cryflals are very white, and affume the form of 
thin plates. 

It has a fharp warm tafle. 

It is foluble in about ten times its weight of water at 

the temperature of 6o°f. It is foluble alfo in alcohol. I Bergman, 
According to Wenzel, 240 parts of acetous acid re-v- 78, 

quire for faturation 24i|ths of potafs. And from the 

experiments of Dr Higgins, it appears that acetite of 
potafs is compofed of 61,5 parts of alkali and 38,5 of 

acetous acid and water _ \OnA«tou, 
Wnen expofed to the air it is very deliquefeent.i— Acid, p. 8, 

When heated, it melts as readily as wax ; and if a very 
flrong heat be applied, the acid is decompofed. 

# The following falts decompofe it by compound affi¬ 
nity : 

Sulphat of foda, Nitrat of ammonia, 

— lime, ..—..— magnefia, 
-ammonia,-alumina, 
-magnefia,-bifmuth, 

alumina, , —.— mercury, 
Nitrat of foda, 

lime, 
Muriat of ammonia, 

• alumina. 
2 ‘ Acetite of foda. This fait was firfl defcribed by Acetite of 

Mr Baron. 9 foda. 

Its cryflals are flriated prifms, not unlike thofe of 
lulphat of foda. 

It has a fharp tafle, approaching to bitter. 

It is foluble in 2,86 parts of water at the tempera¬ 
ture of 6o° §. r j Bir man 

According to Wenzel, 440 parts of acetous acid 
quire for faturation lJ7^ths of foda. 

It is not affedled by expofure to the air. 

When heated, it lirft lofes its water of cryftallization; 
3B in 
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Acetites. in a ftrongheat it melts; and in a {till ftronger, its acid 

is deflroyed. This fait can only be obtained in cry¬ 
ftals when there is an excefs of alkali in the folution. 

The following falts decompofe it by compound affi¬ 

nity : 
Sulphat of ammonia, Nitrat of alumina, 
_alumina, Muriat of lime, 

Nitrat of ammonia,-ammonia, 
___ magnefia,-magnefia. 

3. Acetite of ammonia. This fait was formerly call¬ 

ed ypirit of Mindererus. 
It is too volatile to be eafilv cryflallized : It may, 

however, by gentle evaporation, be made to depofite 
needle-fhaped cryftals. Mr de LafTone. cryftallized it 

* Mm. ^ fublimation *. When the fublimation is flow, it 
A/r. i. ?75'forn)S long? flender, flatted cryftals, terminating in fharp 

points, of a pearl white colour, and about an inch and 

eight-tenths in length f. 
It impreffes the tongue at firft with a fenfe of cold- 

nefs, and then of fweetnefs, which is followed by a tafte 
refembling that of a mixture of fugar and nitre, in 
which the fweet does not predominate over the maw- 

kifli tafte of the nitre 
According to Wenzel, 240 parts of acetous acid fa- 

turate 244 of ammonia. 
It is very deliquefcent.* It melts at 170°, and fu- 

blimes at about 250° §. # 
When a watery folution of this fait is diftilled, there 

comes over firft a quantity of ammonia, next a quantity 

of acetous acid, and at laft of the neutral fait itfelf. No 
fuch decompofition takes place when the cryftals are 

diftilled by a moderate heat ||. 
The following falts decompofe acetite of ammonia 

by compound affinity : 
Sulphat of alumina, Carbonat of foda, 

Carbonat of potafs, Nitrat of filver f. 
4. Acetite of barytes. This fait was firft formed by 

Mr Morveau. . 
It is not eafily cryftallized. Morveau procured it 

in long prifms in groups. 
It has a pleafant, fomewhat acid tafte, and always 

contains an excefs of acid. 
It is foluble in water, and does not deliquefce when 

* jljt expofed to the air *. 
E^mJ The following falts decompofe it by compound affi- 

tbod. dim, nity t 
Sulphat of potafs, 
„ . —.- foda, 

_-lime, 
.— ammonia, 

—-magnefia, 
alumina, 

CHEMISTRY. Part III. 
According to Wenzel, 240 parts of acetous acid re- -Acetites. 

quire for figuration 125 of lime : according to Maret, J 

100 parts of acetite of lime contain 50 of lime *. From * Ency 
+ pvnprimpnto TYr P-7 icrrri n« it follows. that are. Method 

77 9 , 
Acetite of 
air. mania. 

4 Higgins 

§71 AcdvUS 

Acid, p. 
J8S. 

I Higgins, 

ibid, p. 193 

j Ibid. 

8 

f Ibid. p. 

*93- 
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Nitrat of potafs, 
■ --foda, 
--lime, 
—-ammonia, 

magnefia, 

Nitrat of alumina, 

Muriat of potafs, 
__ foda, 
-lime, 
-ammonia, 

--magnefia, 

-alumina, 

Carbonat of potafs, 
___foda, 
--- ammonia. 

lo wx uu.Liu. v/i iiuiv ..***'- • * *'“-*** r.ncyc, 

the experiments of Dr Higgins, it follows, that acz-Method. 

tite of lime is compofed of 35,7 parts of lime and 64,3 ^fjim* u 9* 

of acetous acid and water f On Acetous 

It is not altered by expofure to the air; at leaft^^>P*47* 
Morveau kept feme of it for a whole year merely co¬ 
vered with paper, and even quite uncovered for a month, 
without its undergoing any alteration J. \ Ibid.En- 

Heat decomposes it, and at the fame time partly de- 

compofes its acid. 
The following falts decompofe it by compound affi- 

nity: . 
Muriat of alumina, 
Carbonat of barytes, 
-potafs, 
-foda, 

Sulphat of foda, 
-ammonia, 

■ - magnefia, 
alumina. 

Nitrat of ammonia, 
-magnefia, 

- alumina, 

ammonia, 
magnefia, 
alumina. 

782 Muriat of ammonia, 
6. Acetite of ftrontites. This fait was firft formed Acetite oi 

by Dr Hope. It forms fmall cryftals, which are not fcrormte8' 

affe&ed by expofure to the atmofphere. 49 parts of 
it are foluble in izo parts of boiling water : It feems 
to be nearly as foluble in cold water. It renders vege- 

table colours green §. # Tranf. Edit*. 

7. Acetite of magnefia. This fait was firft mention- 

ed by Mr Wenzel. b 783 
It is not cryftallizable ; but forms by evaporation a Acetite of 

vifeid mafs l|. TZtin 
It has a fweetifh tafte ; leaving, however, a fenfe ofj^g* * 

bitternefs^f. 1 Morveau, 

It is very foluble both in water and alcohol *. . 
According to Wenzel, 240 parts of acetous acid re-* 

quire for faturation i^^tlis of magnefia. 
When expofed to the air, it deliquefees. Heat de- 

compofes it. 
The following falts decompofe it by compound affi¬ 

nity : 
‘ ' ' * Carbonat of barytes, 

—-potafs, 

--foda, 
■- ammonia, 
-alumina. 

Sulphat of ammonia, 
-alumina, 

Nitrat of ammonia, 
---alumina, 

Muriat of ammonia, 
alumina, 784 

e. Acetite of lime. This fait was firft defenbed ac- 

curately by Crollius. The -ancients, however, ufed a 

+ PHnii 1 mixture of lime and vinegar in furgery f. 
zxxvi. c! *4. It cryftallizes in fine needles, of a gloffy appearance 

like fatin. 
Its tafte is bitter and four, becaufe it has an excefs 

of acid. 
It is foluble in water. 

8. Acetite of alumina. This fait can only be form-Acetite of 

cd by digefting acetous acid on alumina recently preci-alumina' 

pitated. 
By evaporation needle-fhaped cryftals are obtained, 

which are very deliquefcent. . According to Wenzel, 

240 parts of acetous acid require 2c4ths of alumina for 

faturation. 
This fait is decompofed by compound affinity by the 

following falts: . 
Nitrat of ammonia, Carbonat of potafs, 

Muriat of ammonia,-foda, 
Carbonat of barytes,-ammonia. 7g5 

0. Acetite of jargonia. This fait may be formed by Acetite of 
pouring acetous acid on newly precipitated jargonia. jargonia. 

It has an aftringent tafte. It does not cryftallize ; but 
when evaporated to drynefs, it forms a powder, which | Khprotb, 

does not attradt moifture from the air as acetite of Am* Journ.de # 
mina does f. It »V very foluble in water and in alco- am. 
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CHEMISTRY. 
hoi. It is not fo eafily decompofed by heat as nitrat 
of jargonia, probably becaufe it does not adhere fo 
ftrongly to water *. 

Acetite of iron.—This fait was mentioned by 10. 

Schrosder and Juncker. It is compofed of acetous acid 

and brown oxide of iron. 
Its folution forms by gentle evaporation fmall oblong 

iron. cryftals ; but the greateli part of the fait afTumes the 

f Wenzd, form of a gelatinous mafs f. 
It has a fweetifh ftyptic tafte. 
According to Wenzel, 240 parts of acetous acid re¬ 

quire for faturation i86£ of iron. 
Heat decompofes this fait; and it feems alfo to be 

787 gradually decompofed by expofure to the air. 
Acetite of IT> Acetite of zinc.—This fait was. firft mentioned 

Einc- by Glauber. 
Its cryftals are rhomboidal, and fometimes hexagonal 

plates, of a white colour, and the appearance of talk. 
It is foluble in water. According to Wenzel, 240 

parts of acetous acid require for faturation 195^-ths of 
zinc. 

It is not altered by expofure to .the air. Heat de¬ 
compofes it. When thrown upon burning coals, it ex¬ 
plodes with a blue dame. 

12. Acetite of manganefe.—This fait is not cryftal- 
lizable ; and when evaporated to drynefs, it deliquefces. 
Is it not an acetat ? 

13. Acetite of cobalt.—This fait is deliquefcent. Its 
folution is of a fine red colour while cold; but becomes 
blue by being heated, and it recovers its former colour 
on cooling. According to Wenzel, 240 parts of ace¬ 
tous acid require for faturation 24i4ths of cobalt. 

14. Acetite of nickel.—This fait forms rhomboidal 
cubes of a green colour J : They are not deliquefcent : 
Their tafte is fweet $. 

i Acetite of lead.—This fait is mentioned by Ifaac 
Hollandus and Raymond Lully. It is compofed of 
acetous acid and white oxide of lead. 

It was formerly called fugar of lead> fugar of Saturn, 
fait of Saturn, vinegar of Saturn, extract of Saturn, See, 

Its cryftals are flat parallelopipeds, terminated by 
two inclined planes approaching each other. 

It has a fweet and fomewbat aftringent tafte. 
It is not very foluble in water ; but acetous acid dif- 

folves it abundantly. 

According to Wenzel, 240 parts of acetous acid re¬ 
quire for faturation 503 of lead. 

When expofed to the air it becomes yellow, but un¬ 
dergoes no other alteration. 

Heat decompofes it by deftroying the acid. When 
diftilled, the refiduum takes fire fpontaneoufiy on expo¬ 
fure to the air. Paper dipped into acetite of lead forms 
excellent matches, which are not fubje& to go out, and 
which burn very flovvly. 

The following falts decompofe it by compound affi¬ 
nity : 

Mnriat of ammonia, Phofphat of ammonia, 
Sulphat of copper, Oxalat of potafs ||, 
Phofphat of foda, Malat of potafs f. 

16. Acetite of tin.—This fait was firft deferibed by 
Lemery. 

Its cryftals are prifmatic needles in groups*. Ac¬ 

cording to Wenzel, 240 parts of acetous acid require 
for faturation 3TV of tin. 
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17. Acetite of copper.—This fait was known to the Acetite*. 

ancients, and various ways of preparing it are deferibed v 

by Pliny *. It was formerly known by the names of Acetite of 
cryflals of Venus and verdigrife, copper. 

It is of a deep green colour. Its cryftals are rhom- *Lib.xxxiv, 

boids. C-XI- 

It has a difagreeable coppery tafte. 
It is foluble in water and in alcohol. 

According to Wenzel, 240 parts of acetous acid re¬ 
quire i6^th of copper for faturation. 

It effiorefees when expofed to the air. Heat de¬ 
compofes it. It is nfed in painting. 793 

18. Acetite of bifmuth.—This fait feems to have been Acetite of 
firft mentioned by Geoffroi. He called it fugar of bifmuth, biOruirh, 

It is moft eafily procured by mixing together the fo- 
lutions of nitrat of bifmuth and acetite of potafs. It 
forms brilliant, talky, filvery cryftals. 

It has a fweetifh tafte. According to Wenzel, 240 
parts of acetous acid require for faturation ijfths of 
bifmuth. ' 

It does not deliquefee when expofed to the air. Heat 
decompofes it. 794 

19. Acetite of antimony.—It yields with difficulty Acetite of 

fmall cryftals j*. According to Wenzel, 240 parts 
acetous acid require for faturation 1 Jd of antimony. 

20. Acetite of arfenic.—This fait forms fmall cry-Acetite of 
ftals in grains, hardly foluble in water J. arfenic. 

21. Acetite of mercury.—This fait is mentioned by * ^3*an% 

Schrceder. . Acetite of 

Its cryftals are fmall thin plates. mercury. 
It has a difagreeable tafte, and excites coughing. 
It is hardly foluble in water. According to Wen¬ 

zel, 240 parts of acetous acid require for faturation 
2404-ths of mercury. 

When expofed to the air it becomes black, owing to 
the redudion of the oxide of mercury. Heat decom¬ 
pofes it. 797 

22. Acetite of filver.—-This fait was perhaps firft Aeetite of 

deferibed by Margraf. ver* . 

It is beft formed by dropping acetite of foda or pot¬ 
afs into a faturated folution of nitrat of filver §. { Maret, . 

It forms fmall oblong cryftals, eafily diffolved in 
ter f. It has a ffiarp tafte, f Margraf, 

According to Wenzel, 240 parts of acetous acid re¬ 
quire for faturation ioi^ths of filver. 

Heat decompofes it. It is decompofed by muriat of 

magnefia * f Bergman,} 
23. Acetite of gold.—This fait is mentioned by 79^ 

Sclirceder and Juncker. 

24. Acetite of uranium.—This fait was firft formed?° 7'0 
by Klaproth. 

Its cryftals are regular four-fided flender prifms, ter-uranium, 
minated at both ends by regular quadrilateral pyramids: 
they are tranfparent, and of a beautiful topaz yellow 
colour. 

Heat decompofes them : and what is fingular, if they 
be heated gradually red hot, the oxide which remains 
retains nearly the form of the cryftals *. * Klaproth 

The compounds into which the acetic acid enters are0" Urattium* 

called acetats. They are fo imperfe&ly known at pre-Acetate, 
fent, that wc Oiall not attempt a defcription of them. 

Sect. XII. Of Oxalats. 

The compounds of which oxalic acid forms a part 

3 B 2 are 

799 
Acetite of 
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are known by the name of cxalats< 
defcribed by Bergman. t 

l. Oxalat of potafs.—This fait cryftallizes with dif¬ 
ficulty. It is very foluble in water. When heated it 

■* Bergman, falls to powder *. ... 
1.262. 2> Acidulous oxalat of potafs.—The oxalic acid is 

?02 alfo capable of combining with potafs iu excels, and 
oxalat of * forming another fait, called acidulous oxalat from its acid 

tafle ; or, to fpeak more accurately, this fait is formed 
by the combination of oxalat of potafs with oxalic acid. 
This fait exifts ready formed in oxalis acetofella or wood- 
f irrel; from which it is extracted in fome parts of Eu¬ 
rope in great quantities. Hence it was formerly called 
fait of wood forrel. It is mentioned by Duclos in the 
Memoirs of the French Academy for 1668. Margraf 
firft proved that it contained potafs ; and Scbeele dif- 
covered that its acid is the oxalic. A great many in- 
terefting experiments'had been previoufly made on it by 
Wenzel and Wiegleb. 

It may be formed, as Scheele has fhown, by drop¬ 
ping potafs very gradually into a faturated folution of 
oxalic acid and water : as foon as the proper quantity of 
alkali is added, acidulous oxalat is precipitated. But 
care muft be taken not to add too much alkali, otherwife 
no precipitation will take place at all. 

Its cryftals are fmall opaque parallelopipeds f. 
It has an acid, poignant, bitterifh tafte. 
It is foluble in about ten times its weight of boiling 

water, but much lefs foluble in 'cold water. 
It is not altered by expofure to the air. Heat de- 

compofes it. 
This fait is fold in this country under the name of 

ejfential fait of lemons. 
3. Oxalat of foda.—This fait agrees very much with 

oxalat of potafs. Its cryftals are fmall, and foluble in 

water. 
From Bergman’s defcription, oxalic acid appears alfo 

capable of combining in excefs with foda, and forming 
an acidulous oxalat. 

4. Oxalat of ammonia.—Its cryftals are four-fided 
prifms, generally diverging from various points. They 
redden the infufion of turnfole. 

1 Ber man They are eafily foluble in water, but not in alcohol J. 
\ lTgman* It is decompofed by nitrat of barytes §. 
ibfdrgman' 5* Oxalat of barytes.—This fait does not cryftallize 

805 except with excefs of acid. The addition of potafs, or 
Earthy ox- even Qf water, deprives it of this excefs, and then it 

crumbles into powder. It is infoluble in water ||. 
ibid*rgman' 6. Oxalat of lime.—This fait does not cryftallize. 

It is infoluble in water, but fomewhat foluble in acids. 
It is compofed of 48 parts of acid, 46 of lime, and 6 of 

ater. Heat decompofes it f. 
ibid. ° 7. Oxalat of ftrontites.— 1 his fait was firft formed 

by Dr Hope. It is a white infipid powder ; foluble 
in 1920 parts of boiling water. Heat decompofes it 

*Hcpe, by deftroying the acid*. r r 
Tran/. Edin. 8. Oxalat of magnefia.—This fait is in. the rorm or 
iv. I4» a white powder. It is fcarcely foluble either in water 

or alcohol. It is compofed of 35 parts of magnefiu 
. ^ and 65 of acid and water. Heat decompofes it f. 
1^/andfi! 9* Oxalat of alumina.—It is uncry flail iz able ; but 
3S7. fnrnifties on evaporation a yellowifti pellucid mafs. it 

is fparingly foluble in alcohol. It has a fweet ailrin- 
gent tafte. It is compofed of 44 parts of alumina and 
56 of acid and water. 
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When expofed to the air it deliquefces; and if it has Oxalats. 

been previouily well dried, its weight is increafed by v J 
It reddens turnfole *. > * Bergman, 

10. Oxalat of iron.—This fait forms prifmatic Cry-***^ 
ftals of a yellowifh green colour. # Metallic 

It has an aftringent and fweet tafte. It is very fo-0xalats. 
luble in water. 

It is compofed of 45 parts of green oxide, and 55 of 
acid and water. When expofed to heat it falls to pow¬ 
der *|*. I Mid* 

From Bergman’s defcription, the brown oxide of 
iron appears alfo capable ot combining with oxalic acid. 
The compound does not cryftallize, and is nearly info¬ 
luble in water J. f Jlid, 

11. Oxalat of zinc.—It is hardly foluble in water. 
It is compofed of 75 parts of oxide and 25 of acid.. 
12. Oxalat of manganefe.—It is compofed of oxalic 

acid and white oxide of manganefe. It appears capable 
of cryftallizing $. § Hut* 

13. Oxalat of cobalt.—This is a rofe-coloured pow¬ 
der, infoluble in water, but foluble in oxalic acid ; and 
capable, by that means, of cryftallizing ||. |{ j^id. 

14. Oxalat of nickel.—This is a green-coloured pow¬ 
der, hardly foluble in water. It is compofed of two 
parts of acid and one of oxide 5[. ^ Ibid 

15. Oxalat of lead. — It forms fmall cryftalline grains. 
They are infoluble in alcohol, and nearly infoluble in 
water. They contain 55 parts of oxide and 45 of acid *. * Ibid. 

16. Oxalat of tin.—This fait forms prifmatic cryftals. 
It has an auftere tafte. If the folution of this fait be 
quickly evaporated, it affords a mafs refembling horn, 
and foluble in water f. f 

17. Oxalat of copper.—This fait is uncryftallizable. 
It is a bluifh powder, infoluble in water, except with 
excefs of acid. It is compofed of 21 parts of copper 
and 29 of acid J. X 

18. Oxalat of bifmuth.—This fait may be formed by 
dropping oxalic acid into a folution ot nitrat of bif¬ 
muth. It forms pellucid polygonous cryftals. When 
oxide of bifmuth is diffolved by oxalic acid, the refult is 
a white powder, fcarcely foluble in water §. < § jbid. 

19. Oxalat of antimony.—This fait forms cryftalline 
grains, with difficulty foluble in water f. > t 

20. Oxalat of arfenic.—This fait is compofed of oxalic 
acid and white oxide of arfenic. Its cryftals are prifms 
very foluble in water and alcohol. It reddens turnfole. 

Heat fublimes it ; and by a ftrong heat it may be de¬ 

compofed «[|. # 1M**- 
21. Oxalat of mercury.—A white powder, hardly 

foluble in water, except with excefs of acid *. * Hid 
22. Oxalat of filver.—This fait may be formed by 

pouring oxalic acid into a folution of nitrat of filver. 
It is a white powder, fcarcely foluble in water, and not 
at all in alcohol; but foluble in nitric acid. It becomes 
black by being expofed to the air, owing to the reduc¬ 
tion of the oxide-f. \ ^id. 

23. Oxalat of platinum.—This fait affords yellow 

cryftals. 

Sect. XIII. OfTartrites. 

The falts into which tartarous acid enters as an in¬ 
gredient are known by the name of tartrites. . 807 

Acidulous oxalat of potafs or tartar.—This fait,Tartar, 

which is compofed of potafs and an excefs of tartarous 
acid, or rather of tartrite of potafs and tartarous acid, 

has 
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by Dr Hope. Its cryflals are fmall regular triangular Tartntes.^ 

nas oeen long auuwu. u . :—r . , J 
purity at the bottom, and adhering to the fides of calks tables, having the edges and angles (harp and well de¬ 
in which wine has fermented. It is called tartar, fays fined. It is infipid. It diffolves in 320 parts of boil- 

ft Wenzel. 

S08 
Tartrite of 
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foda. 

Paracelfus, becaufe it produces the oil, water, limeflone, 
and fait, which burn the patient as Hell does. Accord¬ 
ing to him, it was the principle of every difeafe and 
every remedy, and all things contain the germ of it. 

Margraf and Rouelle firfl demonftrated that it con¬ 
tained potafs ready formed ; and Scheele firfl obtained 
tartarous acid from it in a ftate of purity. 

Its cryflals are very fmall and irregular. According 
to Montet, they are prifms, fomewhat flat, and moftly 
with Ax fides. It has a flrong acid tafle. It is foluble 
in about 30 times its weight of boiling water*. Ac¬ 
cording to Bergman, it contains 23 parts of alkali and 
yy of acid. 

It is not altered by expofure to the air. Heat de- 
compofes it, and at the fame time deflroys the acid. It 
is capable of forming a great many compounds. 

2. Tartrite of potafs. This fatt may be formed by 
faturating the laft defcribed fait with potafs. It was 
formerly called folulk tartar, becaufe it is much more 
foluble in water than the acidulous tartrite of potafs. 
It cryftallizes mofl readily when there is a fmall excefs 
of alkali in the folution. Its cryflals are fmall oblongs. 

Tt has an unpleafant bitter tafle. It is foluble in 4 
parts of water at the temperature of 40°. 

3. Tartrite of foda. This fait has never been accu- 
$o9 rately examined. 

Tartrite of 4. Tartrite of potafs and foda. This triple fait, for- 
potafs and merly known by the name of fait of Seignette, becaufe 

firfl formed by Mr Seignette apothecary at Rochelle, is 
made by faturating tartar with foda. 

Its cryflals are prifms of eight or ten unequal fides, 
having their ends truncated at right angles. They are 
generally divided into two in the diredlion of their axes, 
and the bafe on which they (land is marked with two 
diagonal lines, fo as to divide it into four triangles. 

It has a bitter tafle. It is almofl as foluble as tar¬ 
trite of potafs. 

It efHorefces when expofed to the air. Heat decom- 
pofes it. 

4. Tartrite of ammonia. The cryflals of this fait are 
polygonous prifms, not unlike thofe df the lafl defcribed 
fait. 

It has a cooling bitter tafle like that of nitre. It is 
eafily foluble in water. Heat decompofes it. 

5. Acidulous tartrite of ammonia. This fait may 
be formed by pouring tartarous acid into a folution of 
tartrite of ammonia. Like acidulous tartrite of potafs 
it is very infoluble in water. 

6. Tartrite of potafs and ammonia. This triple fait 
may be formed by pouring ammonia into acidulous tar¬ 
trite of potafs. 

Its cryflals, according to Macquer, are prifms with* 
four, five, or fix fides: according to the Dijon academi¬ 
cians, parallelopipeds, with two alternate Hoping fides. 

It has a cooling tafle. It is foluble enough* in water. 
It efHorefces in the air. Heat decompofes it. 

8fi 7. Tartrite of barytes. Unknown. 
Earthy tar- 8. Tartrite of lime. This fait, firfl formed by Scheele, 
trites. fs a taftelefs and almofl infoluble powder. By heat the 

acid is decompofed, and the pure lime remains behind. 
9. Tartrite of flrontites. This £alt was firfl formed 

810 
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mg water. 
It is not altered by expofure to the air. Heat de¬ 

compofes it by deflroying the acid *. #. 
10. Tartrite of magnefia. This fait is infoluble in.^7”* ranf 

water except there be an excefs of acid prefent. It then 
affords by evaporation fmall cryflals in the form of hex- 
angular truncated prifms f. I Bergmant 

It has a more faline tafle, and is more fufible, than1!- 288. 
tartrite of lime J. . t ^on ?ac~ 

Heat firfl melts and afterwards decompofes it. acil 
11. Tartrite of alumina. This fait does not cryflal- yartar% 

lize, but forms by evaporation a clear tranfparent gum¬ 
my mafs. Its tafle is aflringent. It is foluble in wa¬ 
ter. It does not deliquefce in the air J. . . § VonPac* 

12. Tartrite of potafs and alumina. This triple falt^*- 
is formed by faturating tartar with alumina. It bears 
a very flriking refemblance to the lafl defcribed fait. gJ2 

13. Tartrite of iron. This is a grey powder. When Metallic 
tartarous acid is poured into a folution of fulphat oftartrites, 
iron, fcaiy cryflals are formed by evaporation. Thefe 
cryflals are doubtlefs compofed of tartarous acid com¬ 
bined with fulphat of iron. This triple fait might be 
called tartro fulphat of iron. 

14. Tartrite of potafs and iron. This triple fait was 
formerly called tartar fed tindure of Mars, chaly heated 
tartar, and tartarifed iron. It may be formed by boil¬ 
ing two parts of tartar and one of iron filings, previous¬ 
ly made up into a pafte, in a proper quantity of water. 
The liquor by evaporation depofitcs cryflals, which form 
the fait wanted. 

15. Tartrite of zinc. This fait is not eafily foluble 
in water. 

16. Tartrite of potafs and zinc. This triple* fait, 
formed by combining tartar and oxide of zinc, is very 
foluble in water||. jl 

17. Tartrite of lead. This fait, which is compofed 
of tartarous acid and white oxide of lead, is almofl info¬ 
luble in water. Nitric acid diffolves it. 

18. Tartrite of potafs and lead. This fait, formed 
by combining white oxide of lead with tartar, is very 
foluble in water ^f. 1 Wenzd 

19. Tartrite of tin. Unknown. The tartrite of pot¬ 
afs and tin, compofed of tartar and oxide of tin,- is ca¬ 
pable of cryflallizing. 

20. Tartrite of copper. This fait is be ft formed by 
pouring tartarous acid into the folutioos of muriat or 
fulphat of copper ; it precipitates in the form of blue 
Cryflals *. * Bergman, 

This fait forms the bell kind of the pigment called 
Brunfwick green f, t Leonhard}, 

21. Tartrite of potafs and copper. This triple fait 
is alfo in the form of blue cryflals. 

22. Tartrite of bifmuth. Small cryftalline grains 1 Bergman, 

23. Tartrite of antimony. This fait has never been 
examined with attention. 

24. Tartrite of'potafs and antimony, or tartar emetic. 
To this fait, which is perhaps the mofl powerful emetic 
known, a great deal of attention has been paid, and a 
vafl number of methods have been tried to prepare it. 
Thefe methods have been already defcribed in the En¬ 
cyclopaedia, It appears from the experiments of Mr 

Bindheim*> 
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Citrats. Bmdheim, that if this fait he carefully prepared, the 
difference that rtfults from the ufe of different oxides is 

not fo great as might have been expe&ed *. 
It "was fir It made known by Adrian in 1631. It is 

a triple fait, compofed of tartar and white Oxide of an¬ 

timony. 
It is of n white colour and tranfparent. Its cryftals 

are trihedral pyramids. 
It diffolves in 60 parts of cold water, and in a fmaller 

proportion of hot water. It is decompofed by lime 
and alkalies, iron, &c. Care ought therefore to be taken 
to ufe only diftilled water when it is adminiftered as a 

medicine. 
25. Tart rite of arfenic. This fait forms prifmatic 

f Bergman, cryilals very like thofe of oxalat of arfenicj*. 
h- 2V5* 26. Tartrite of mercury. A yellow powder. 

27. Tartrite of potafs and mercury. This triple fait 

| Munnet. cryftallizes 

Sect. XTV. Of Citrats. 

The compounds into which the citric acid enters 

have been denominated citrats, 
Thefe falts are at prefent very imperfe&ly known. 

Mr Dize has promifed foon to fupply this defedlj. 
1. Citrat of potafs. This fait does not cryflallize. 

It has a cooling faline tafte, and deliquefces when ex- 

pofed to the air. 
2. Citrat of foda. This fait does not deliquefce. It 

has a mild, pleafant, cooling tafte ||. According to 

Scheele, it does not cryflallize, 
3. Citrat of ammonia. This fait cryftallizes in thin 

needles. It has a cooling and moderately faline tafte f. 
The ammonia is feparated by the application of heat *. 

4. Citrat of barytes. This fait is fcarcely foluble in 

water. It affumes the form of a white powder f. It 

is foluble in citric acid. 
5. Citrat of lime. This is a white powder, fcarcely 

foluble in water 
6. Citrat of magnefia. Does not cryflallize. It 

forms a gummy faline mafs very foluble in water ^ 
7. Citrat of alumina. This fait is fcarcely foluble m 

water. v . 
8. Citrat of iron. A folution of a brown colour. 

9. Citrat of copper. A green gummy mafs. 
10. Citrat of mercury. This fait may be formed 

by pouring citric acid into nitrat or acetite of mercury. 

It is a flaky fait, of a brick-duft colour, more or lefs 

red ]!. 

M I S T R Y, Part III. 
7. Malat of iron. A brown folution, not cryftalli- La&at*. 

zable *. ~v'-—' 
8. Malat of zinc. This fait forms beautiful cryftalsf. * ^ccle. 

Sect. XVI. Of Ladats, 

The neutral falts formed by the combination of the Ladtats. 
ladlic acid with various bafes are called la&ats, They 
were firft difcovered by Scheele. 

1. La<5lat of potafs. A deliquefcent fait, foluble in 
alcohol J. 1 Scheele 0* 
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Sect. XV. Of Malats, 

The compounds into which the malic acid enters 

are called malats. This clafs of falts was firft difcover¬ 
ed by Scheele. They are no better known than the ci¬ 

trats. 
1. Malat of potafs. 1 
2. Malat of foda. V Thefe falts are deliquefcent f. 

3. Malat of ammonia. J 
4. Malat of lime. Small irregular cryftals. . They 

require a large quantity of boiling water for their folu¬ 
tion. With excefs of acid they are readily foluble in 

cold water f. They are infoluble in alcohol J. 
5. Malat of barytes. The properties of this fait re- 

femble pretty much thofe of malat of lime 

6. Malat of magnefia. Deliquefcent |j. 

2. La6lat of foda. This fait does not cryflallize. 

is foluble in alcohol ij. j ^bid, 
3. La&at «f ammonia. Cryftals which deliquefce. 

Heat feparates a great part of the ammonia before de- 
ftroying the acid. 

4. Laftat of barytes. 1 Thefe falts deliquefce ||. The |j Xbid, 
5. La&at of lime. > la&at of lime is foluble in al- 

6. La&at of alumina. J cohol % Ibid. 

7* La&at of magnefia. Small deliquefcent cryftals*. # jbid. 
8. Ladat of iron. A brown folution. 
9. Ladat of zinc. Cryftalsf. f Ibid, 
Thefe falts have a very ftrong refemblance to malats. 

The only difference which Scheele obferved was, that 

the malat of lime was infoluble in alcohol, while alcohol 

diffolved ladat of lime. 

Sect. XVII. Of Saccholats. 

The compounds into which the faccholadic acid en-Saccholat* 
ters are called faccholats. They alfo were firft difcover¬ 

ed by Scheele. 
1. Saccholat of potafs. Small cryftals, foluble in 

eight times their weight of boiling water J. j Scheele on 

2. Saccholat of foda. The fame; foluble in five Sugar of 

times their weight of boiling water J. Milk, 
3. Saccholat of ammonia. A fait which has a fourifh 5 

tafte. Heat feparates the ammonia H Ibid, 

4. Saccholat of barytes. 
5. Saccholat of lime. (Thefe falts are infoluble 

6. Saccholat of magnefia. fin water*. * Ibid, 
7. Saccholat of alumina. J s 

Sect. XVIII. Of Gallats, 

The compounds into which the gallic acid enters are 

denominated gallats. They were firft attended to by 

the Dijon academicians and by Scheele. 
1. Gallat of potafs. “J We only know that thefe 

2. Gallat of foda. > compofitions are poftible, 

3. Gallat of ammonia. 3 an<^ that their properties 
are different from thofe of all other falts. 

4. Gallat of barytes. 1 Thefe falts are foluble in wa- 
5. Gallat of lime. 3 ter, efpecially when there is 

excefs of acid. 
6. Gallat of magnefia. This fait is a yellow powder, 

foluble in water and in alcohol *. * Bartholdi 
7. Gallat of alumina. This fait, according to Bar - Ann.de ^ 

tholdi, exifts ready formed in nut galls. It is very fo- Vbim. 

luble in water. 
8. Gallat of iron. This fait, which Mr Proud has 

difcovered to be formed of gallic acid and brown oxide 
of iron, is of a black colour, and does not feem capable 
of cryftallizing. It is foluble in the three mineral acids, 
and by that means is deprived of its black colour. It 
is to this fait that ink partly owes its black colour. 

Gallat of iron is decompofed by alkalies. 
We fhall not attempt any farther account of this clafs 

of 
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Part III. C H E M 
Benzoats. of falts. Scarcely any addition has yet been made to 

-—~ the experiments of Scheele which have been given al¬ 

ready in the article Chemistry, EncycL 

Sect. XIX. Of Benzoats. 

The compounds into which the benzoic acid-enters 

have been called benzoats. 
1. Benzoat of potafs. This fait forms pointed fea¬ 

thery eryftals. It has a faline (harp tafte. It is very fo- 

luble in water. It deliquefces when expofed to the air*, 
2. Benzoat of foda. The eryftals of this fait are lar¬ 

ger, but its tafte is the fame with that of benzoat of 
potafs. It is alfo very foluble in water. It efftorefees 
in the air f. 

3. Benzoat of ammonia. This fait cryftallizes with 

difficulty. Its eryftals are feather-fhaped. It deli- 

quefeesj. 
4. Benzoat of lime. This fait forms white, fhining, 

pointed eryftals, of a fweetifh tafte, and not eafily fo¬ 
luble in water §. 

5. Benzoat of magnefia. Feather-fhaped eryftals, of 
a fharp bitter tafte, and eafily foluble in water f. 

6. Benzoat of alumina, an aftringent fait. 
7. Benzoat of iron. This fait forms yellow eryftals. 

It has a fweet tafte. It is foluble in water and alcohol. 
It efflorefees in the air. Heat difengages the acid^f. 

8. Benzoat of zinc- This fait forms arborefeent cry- 
ftals. It is foluble in water and alcohol. When expo- 
fed to the air it is dilfipated. Heat decompofes it*. 

9. Benzoat of manganefe. This fait, which is form¬ 
ed of benzoic acid and white oxide of manganefe, cry¬ 
ftallizes in fmall fcales. It diftblves readily in water ; 
with difficulty in alcohol. It is not altered by expofure 
to the air f. 

10.. Benzoat of cobalt. Flat eryftals 
11. Benzoat of lead. Very white eryftals, foluble in 

water and alcohol. They are not altered by expofure 
to the air. Heat difengages the acid §. 

12. Benzoat of tin. This fait may be formed by 
pouring benzoat of potafs into a folution of tin in the 
nitro-muriatic acid. The benzoat of tin is precipitated. 
It is foluble in hot water, but infoluble in alcohol. Heat 
decompofes it ||. 

13. Benzoat of copper. Small eryftals of a deep 
green colour. They are with difficulty foluble in wa¬ 
ter, and not at all in alcohol . 

14. Benzoat of bifmuth. This fait forms white 
needle-fhaped eryftals. They are foluble in water, and 
in a very fmall proportion in alcohol. They are not 
altered by expofure to the air. Heat decompofes 
them 

15. Benzoat of antimony. Cryftals which effiorefee 
in the air, and are decompofed by heat f. 

16. Benzoat of arfenic. Small feather-fhaped cry- 
ftals. It is foluble in hot water, but cryftallizes in the 
cooling. A moderate heat fublimes it; a flrong heat 

decompofes it. Sulphur decompofes it. It is not de¬ 
compofed by alkalies 

17. Benzoat of mercury. A white powder, It is 
infoluble in water, but diffoives in a fmall quantity in 
alcohol. It is not altered by expofure to the air. A 
fmall heat fublimes it ; a'greater decompofes it. It is 
decompofed by fulphur 

1& Benzoat of iUver. This fait is. foluble in water, 

f Ibid. 
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and alfo in a very fmall proportion in alcohol. It is Campho- 

not altered by expofure to the air, but the rays of the (_rat&‘ ~ 

fun render it brown. Heat difengages its acid *. * Id. ibid. 

19. Benzoat of gold. Small irregular eryftals, not 
eafily foluble in water ; infoluble in alcohol. It is not 
altered by expofure to the air. Heat decompofes itf. t Id. ibid. 

20. Benzoat of platinum. This fait forms fmall 
brownifh eryftals, with difficulty foluble in water ; not 
foluble in alcohol. When expofed to heat, it is decom¬ 
pofed, and there remains behind a brown powder J Id. ibid. 

Sect. XX. Of Succinats. 

The neutral falts, formed by the combination of the 

fuccinic acid with various bafes, have been called fucci- 

nats. 
We fhall not deferibe thefe falts, as we could not add 

much to the account given in the Appendix to the ar¬ 
ticle Chemistry in the EncycL That account was ta¬ 
ken from Mr Kier’s Chemical Dictionary, and that 
gentleman borrowed it from Leonhardi. 

Sect. XXI. Of Camphorats. 

The neutral falts into the compofition of which cam¬ 
phoric acid enters, have been denominated camphorats• 
The only chemift who has hitherto examined them is 
Bouillon la Grange : his experiments have been publifh- 
ed in the 27th volume of the Alnnales de Chimie. 

1. Camphorat of potafs. To prepare this fait, car-p „ 
bonat of potafs is to be diffolved in water, and the- folu-^™*^3* 
tion faturated with camphoric acid. When the effervef- 
cence is over, the liquor is to be evaporated by a gentle 
heat to the proper confidence, and eryftals of campho¬ 
rat of potafs will be depofited when the liquor cools. 

Camphorat of potafs is white and transparent ; its 
eryftals are regular hexagons. Its tafte is bitterifh and 
flightly aromatic. 

Water at the temperature of 6o° diffoives --—th part 
of its weight of this fait ; boiling water diffoives ^th 
part of its weight. 

It is foluble in alcohol, and the folution burns with a 
deep blue flame. 

When expofed’ to moift air, it lofes a little of its- 
tranfparency, but in dry air it fuffers no change. 

When expofed to heat it melts, fwells, and the acid 
is volatilized in a thick fmoke, which has an aromatic 
odour. Before the blow-pipe it burns with a blue flame', 
and the potafs remains behind in a ftate of purity. 

By compound affinity this fait is decompofed by 
Nitrat of barytes, 

All the falts vvhofe bafe is lime,. 
Nitrat of filver, 
Sulpliat of iron,, 
Muriat of tin, . 

~~~~ le^d § Bouillon 
2. Camphorat of foda. This fait may be formed Grange, 

precifely in the fame manner with the camphorat QfAnn'd* 
potafs. Chim- xxvi*i* 

It IS white and tranfparent pits-tafte is fomewhat*4^ 
bitter ;; its eryftals are.irregular. Camphorat 

Water at-the temperature pf 6o° diftblves lefs thanof fljda' 
Twjth part of its weight of this fait; boiling water dif. 
folves ^th of its weight. 

It is alfo foluble in alcohol. 

When expofed to the air it lofes its tranfparency, and 

eftio refees 
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cfflorefces flightly, but is never completely reduced to 

^powder. 
Heat produces the fame effe& upon it as on cam- 

phorat of potafs : the acid burns with a blue flame, 

which becomes reddifh towards the end. 
By compound affinity it is decompofed by 

Nit-rat of lime, 
-filver, 

Muriat of magnefia, 
-barytes, 
-alumina, 

Muriat of lime, 
-iron, 

Sulphat of alumina, 
---iron : and ma¬ 

ny other falts with me- 

* Btuillon tallic bafes *. 
La Grange, Camphorat of ammonia. This fait may be pre- 

Ghim xxvii. Parefl by diffolving carbonat of ammonia in hot.water, 
a6. and adding camphoric acid flowly till the alkali is fatu- 

8%$ rated. It muft then be evaporated with a very mode- 
Camphorat rate heat) to prevent the difengaging of ammonia, 
ofammo- jt *8 very difficult to obtain this fait in regular cry- 

ilals. When evaporated to drynefs, there is obtained a 

folid opaque mafs of a (harp and bitterifh tafte. 
Water at the temperature of about 6o° diffolves near¬ 

ly T|^tli part of its weight of this fait ; boiling water 

-diffolves yd of its weight : But this and the two falts 
above deferibed are a good deal more foluble when there 

is excefs of bafe. 
*It is entirely foluble in alcohol. 
When expofed to the air it attra&s moifture, but not 

in fufficient quantity to enable it to affume a liquid 

form. 
When expofed to heat it fwells, melts, and is con¬ 

certed into vapour; before the blow-pipe it burns with 

a blue and -red flame, and is entirely volatilized. 
Mod of the calcareous falts form triple falts with 

camphorat of ammonia. 
It decompofes in part all the aluminous falts except 

+ the fulphat of alumina f- 
camphorat 4- Camphorat of barytes. In order to prepare this 
of barytes, fait, barytes is to be dilfolved in water, and camphoric 

acid added to the folution ; the mixture is then to be 
boiled, and afterwards filtered and evaporated to dry¬ 

nefs. 
Camphorat of barytes does not cryftallize; when the 

evaporation is conducted flowly, the fait is depofited in 
thin plates one above another, which appear tranfpa- 
rent while immerfed in the liquor, but become opaque 

whenever they come into contact with the air. 
It nas very little tafte, though it leaves at laft upon 

the tongue a flight impreffion of acidity mixed with bit- 

ternefs. . 
Water diffolves only a very fmall quantity ot this 

fait, boiling water being capable of taking up only 

Part °^t* r , 
It is not altered by expolure to the air. 
When expofed to heat it melts eafily, and the acid is 

volatilized. When the heat is confiderable, the acid 

burns with a lively blue flame, which becomes red and 

at laft white. 
It is decompofed by 

Nitrat of potafs, foda, lime, ammonia, and magnefia. 

Muriat of lime, potafs, alumina, and magnefia. 

All the fulphats. 
J Bouillon Carbonat 0f potafs and foda. 

%AranT’ Phofphat of potafs, foda, and ammonia*. 
817 * 5. Camphorat of lime. This fait may be prepared 

Camphorat by dropping into lime-water cryftallized camphoric acid. 
<$ f lime. 
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The mixture is then to be made boiling hot, paffed Campho- 
through a filter, and evaporated to about -Jths of its r*t3» 
volume. On cooling, camphorat of lime is depofited. 

It has no regular fhape ; but if the evaporation has 
been properly conducted, it is in plates lying one above 
another. It is of a white colour, and has a tafte flightly 
bitter. 

Water at the temperature of 6o° diffolves very little 
of this fait; boiling water is capable of diffolving about 

vi^th part of its weight of it. It is infoluble in alco¬ 
hol. 

It is compofed of 43 parts of lime, 50 of acid, and 
7 of water. 

When expofed to the air it dries and falls into pow¬ 

der. 
When expofed to a moderate heat it melts and fwells 

up : when placed on burning coals, or when heated in 
clofe veffels, the acid is decompofed and volatilized, and 

the lime remains pure. 
When fulphuric acid is poured into a folution of this 

fait, it produces an infoluble precipitate; nitric and mu¬ 

riatic acids precipitate the-camphoric acid. 
It is decompofed by compound affinity by 

Carbonat of potafs, 
Nitrat of barytes, 
Muriat of alumina, 
Sulphat of alumina, 
Phofphat of foda *. * Bouillon 

6. Camphorat of magnefia. This fait may be pre- L* Grange, 

pared by pouring water on carbonat of magnefia, an^ 
then adding cryftallized camphoric acid : heat isthen1J> 

applied, the folution is filtrated, and evaporated to dry- $28 
nefs. The fait obtained is diffolved in hot water, paffed Camphorat 

through a filter, and evaporated by means of a mode-^nia^ne“ 
rate heat till a pellicle forms on the furface of the folu¬ 
tion. On cooling, the fait is depofited in thin plates. 
The fecond folution is to remove any excefs of magne- 

fia that may happen to be prefent. 
This fait does not cryftallize. It is white, opaque, 

and has a bitter tafte. 
It is fcarcely more foluble in water than camphorat 

of lime. 
Alcohol has no adlion on it while cold, but when hot 

it diffolves the acid and leaves the magnefia ; and the 
acid precipitates again as the alcohol cools. 

When expofed to the air it dries and becomes cover¬ 

ed with a little powder ; but this effedl is produced 

flowly, and only in a warm place. 
When this fait is placed on burning coals, the acid 

is volatilized, and the magnefia remains pure. Before the 
blow-pipe it burns like the other camphorats with a 

blue flame. 
The nitrats, muriats, and fulphats, do not complete¬ 

ly decompofe this fait, if we except the nitrat of lime 

and muriat of alumina f. f Id. ibid. 
7. Camphorat of alumina. To prepare this fait, alu- 8*9 

mina, precipitated by means of ammonia, and well wafli- of^umina■ 
ed, is to be mixed with water, and cryftals of campho¬ 
ric acid added. The mixture is then to be heated, fil¬ 

tered, and concentrated by evaporation. 
This fait is a white powder, of an acid bitterifh tafte, 

leaving on the tongue, like moft of the aluminous falts, 

a fenfation of aftringency. 
Water at the temperature of 6o° diffolves about -r^th 

part of its weight of this fait. Boiling water diffolves 
it 
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Suberats. it in confiderable quantities; but it precipitates again as 

the folution cools. 
Alcohol, while cold, difTolves it very fparingly ; but 

when hot it difTolves a confiderable quantity of it, which 

precipitates alfo as the folution cools. 
This fait undergoes very little alteration in the air ; 

but it rather parts with than attradls moifture. 
Heat volatilizes the acid; and when the fait is thrown 

on burning coals it burns with a blue flame. 

It is decompoied by the nitrats of lime and ba- 
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Of Suberats. 

The falts formed by the fuberic acid have obtained 
the appellation of fuberais. They have hitherto been 
examined only by Bouillon la Grange. 

1. Suberat of potafs.—This fait ought to be formed 

by means of cryllallized carbonat of potafs. 
It cryftallizes in prifms, having four unequal Tides. 

It has a bitter faltifh tafte, and it reddens vegetable 
blues. It is very foluble in water. Caloric melts it, 
and at la ft volatilizes the acid. 

It is decompofed by moft of the metallic falts, and 
by fulphat of alumina, muriat of alumina, and of lime ; 
nitrat of alumina and of lime; and phofphat of alu¬ 
mina f. 

2. Suberat of foda.—This fait does not cryftallize. It 
reddens the tin&ure of turnfole. Its tafte is flightly 
bitter. It is very foluble in water and in* alcohol. It 
attradls moifture from the air. Caloric produces the 
fame efteft on it that it does on fuberat of potafs. 

It is decompofed by the calcareous, aluminous, and 
magnefian falts £. 

3. Suberat of ammonia.—This fait cryftallizes in pa¬ 
rallelepipeds Its tafte is faltifh, and it leaves an im- 
preflion of bitternefs : It reddens vegetable blues. 

It is very foluble in water. It attracts moifture from 
the air. When placed upon burning coals, it lofes its 
water of cryftallization, and fwells up ; and before the 
blow-pipe it evaporates entirely. 

It is decompofed by the aluminous and magnefian 
falts §. 

4. Suberat of barytes.—This fait does not cryftallize. 
Heat makes it fwell up, and melts it. It is fcarcely fo¬ 
luble in water except there be an excefs of acid. 

It is decompofed by moft of the neutral falts, except 
the barytic falts and the fluat of lime ||. 

5. Suberat of lime.—This fait does not cryftallize. 
It is perfedlly white : It has a faltifh tafte : It does not 
redden the tin&ure of turnfole. 

It is very fparingly foluble in water except when hot; 
and as the folution cools moft of the fait precipitates 
again. 

When placed upon burning coals it fwells up, the 
acid is decompofed, and there remains only the lime in 
the ftate of powder. 

It is decompofed by 
The muriat of alumina, 

The carbonats of potafs and foda, 
The fluat of magnefia, 
The phofphats of alumina and foda, 
The borat of potafs, 
All the metallic folutions ^[. 

6. Suberat of magnefia.—This fait is in the form of 

Suberat of a powder :. It reddens the tin&ure of turnfole. It has a 
magnefia. Suppl. Vol. I. Parti. 

§ If. ibid. 

P* 55. 
$3.3 

Suberat of 
baryte^. 

1| Id. ibid. 
p. 52. 

834 
Suberat of 
lime. 

^ Id. ibid. 

P- 54* 
$35 

* Bouillon 
La G range t 
Ann. de 
Chim. xxiii. 

V 
Suberat of 
alumina. 

f id. ibid* 

\ Id. ibid. 

P- 57- 

bitter tafte: It is foluble in water, and attra&s fome 
moifture when expofed to the air. 

When heated it fwells up and melts : before the 

blow-pipe the acid is decompofed, and the magnefia re¬ 

mains in a ftate of purity. 
It is decompofed by 

Muriat of alumina, 
Nitrat of lime and alumina, 

Borat of potafs, 
Fluat of foda, 

Phofphat of alumina *. 
7. Suberat of alumina.—This fait does not cryftallize. 

When its folution is evaporated by a moderate heat in 

a wide veffel, the fait obtained is of a yellow colour, 
tranfparent, having a ftyptie tafte, and leaving an im- 
preflion of bitternefs on the tongue. When too much 
heat is employed it melts and blackens. It reddens the 
tindlure of turnfole, and attracts moiflure from the air. 

Before the blow-pipe it fwells up, the acid is volatilized 
and decompofed, and nothing remains but the alumina. 

It is decompofed by 
The carbonats of potafs and foda, 
The fulphat of iron, 

The muriat of iron, 
The nitrats of filver, mercury, and lead f 

Suberic acid forms alfo compounds with the oxides of 

filver, mercury, lead, copper, tin, iron, bifmuth, arfenic, 
cobalt, zinc, antimony, manganefe, and molybdenum ; 
moft of which are incryftallizable, and have an excefs 
of acid J. 

Sect. XXIII. Of Pruffiais. 

The compounds into which the pruflic acid enters 
are called Prujfiats. 

Thefe fubftances, the moft important of which are 
triple falts, have fomelhing very peculiar in their affi¬ 
nities. The pruflic acid appears to have a ftronger af¬ 
finity for alkalies and earths than for metals, at leaft thefe 
fubftances are capable of decompofing metallic prufliats ; 
yet acids fcarcely decompofe the metallic prufliats, while 
the weakefl acid known decompofes the prufliats of al¬ 
kalies and earths. Thefe phenomena have not yet been 
fatisfadlorily accounted for. 

2. Pruffia! of fod?‘ } Thefe falts were firft °b-pr‘u£ 

tained pure by Mr Scheele. They are foluble in wa¬ 
ter ; but they are of little ufe, as mere expofure to the 
air decompofes them. 

3. Prufliat of ammonia.—This fait has the fmell of 
ammonia. It is very volatile and as ealily decompofed 
as the other two. g^g 

4. Prufliat of lime.—This fait is foluble in water. Earthy 
It is alfo decompofed by expofure to the air. prufliats. 

c. Prufliat of barytes. 1 itm. r r, ... 
6. Prufliat of magnefia. J Thefe faIts are alf° f°- 

luble in water, and decompofed by all acids. 

Pruflic acid does not combine with alumina. 839 

7. Prufliat of iron, or Prufiian blue.—This fubftance Pruilian 
is compofed, as Mr Prouft has fliewii, of the pruflicbiue* 
acid and brown oxide of iron. With the green oxide 
the pruflic acid forms a white compound, which, how¬ 
ever, becomes gradually blue when expofed to the at- 

mofphere, becaufe the oxide abforbs oxygen, and is con- , 
verted into brown oxide $. § Nicbol- 

Prufliat of iron is a deep blue coloured powder. 
3 C is 
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alkali, 

is 'infoluble in wteter, and faarcely faluble in acids. It 

is compofed, according to the moil accurate experiments 
hitherto made, of equal parts of oxide of iron and prui- 

fic acid. It is not affe&ed by expofure to the air. Heat 
dicoinpofes it by deftroying the acid, and the oxide of 

iron remains behind. . 
The Prufiian blue of commerce, befides other impuri¬ 

ties, contains mixed with it a great quantity of alumina. 

Its ufe as a pigment, and the attempts which have been 

made to introduce it as a dye, are well known. 
Prufiiat of iron may alfo exifl. in another Rate : It 

may have a fuperabundance of oxide ; its colour is then 

more or lefs yellow. To this Rate it may be reduced 

by dio-eRing it with alkalies or any of the alkaline 
earths. Thefe fubRances deprive it of part of its acid, 

but not of the whole. 
This yellow prufliat is foluble in acids. 
Were we to attempt an explanation of this, and the 

other phenomena which the priiffic acid difplays in its 
combinations, we would conjedure, that this yellow 

prufliat is the fubflance formed by the dired combina¬ 
tion of brown oxide of iron and prufiic acid, and that 
the blue prufliat is formed of the y ellow prufiiat combi¬ 
ned as an integrant with prufiic acid ; That the affinity 
between the prufiic acid and oxide of iron is much flrong- 
er than that between yellow prufliat of iron and prufiic 

aeid ; that therefore alkalies and earths have a flronger 
affinity for prufiic acid than the yellow prufiiat has, but 
a much weaker affinity than oxide of iron, and perhaps 
every other oxide hence the apparent Superiority of 

alkalies and earths in fome cafes, while in others they 
appear very inferior. We would fuppofe, then, that 
the prufiic acid has a much Rronger affinity for oxide 
of iron, and perhaps for all other oxides, than for other 
bodies; that the prufiiats, thus formed, are capable of 
combining with prufiic acid ; but that their affinity for 

it is much lefs than that of the alkalies and earths. This 
conie&ure is Supported by all the phenomena at prefent 
known ; it would remove all the apparent anomalies 

which the combinations of this Singular acid preient, 

and reduce the whole of them under the known laws 

of affinity. . , .. , n r 
8 Prufiiat of potafs and iron, commonly called rruj- 

Ran alkali, or Pruffian tefl. This fubftance is a triple 
fait, compofed of prufiic acid, potafs, and oxide of iron 
combined together. To chemifts and mineralogifts it 

is one of the moil important inftruments ever invented ; 
as, when properly prepared, it is capable of indicating 
whether any metallic fubitance (platinum excepted) be 
prefent in any Solution whatever, and even of pointing 

out the particular metal, and of afcertaimng its quan* 

tity : This it does by means of a compound aihmty, 
which, after what has been Said above, may be eafily 

underflood. The Prufiian alkali may be conceived to 
be a combination of two fubRances, prufiiat of pot¬ 

afs and blue prufiiat of iron. Now every metallic oxide 
has a Rronger affinity for prufiic acid than petals has 
(and, in fatf,Teems to have a Rronger affinity for it 

than for any other fubftance). If, therefore, there hap, 
pen to be any oxide in* the Solution, it immediately Seizes 
the prufiic acid with which the potafs is-ccmbined, and 
by that means decompofes the triple fait. A prufiiat 
of the particular metal is formed, and, as mofl prufiiats 

of metals are infoluble, it is precipitated ; and it indb 

cates by its colour the particular metal, and by its 

Part Iff* 
weight the quantity of metal that happens to be pre- Prufliat?. 

feat. At the fame time Che blue prufliat of iron is al- — 
fo precipitated, and its weight muR be dedu&ed from 

the quantity of the precipitate. 
In order to be certain of the accuracy of thefe re- 

fults, it is neceflary to have a prufiian alkali perfe&ly 
pure, and to be certain before hand of the quantity, or 

rather of the proportions of its ingredients. To ob¬ 
tain a tefi of this kind has been the objeft of chemifls 
ever Since the difeoveries of Macquer pointed out its 
importance. It is to the ufe of impure tefls that a 
great part of the contradictory refults of mineralogical 

analyfes by different chemifls is to be aferibed. 
There are two * ways in which this teA may be ren- * See Kir* 

dered impure, befides the introduction of foreign in- ™an'f 
gredients, which we do not mention, becaufe it is ob-1*4^ 

vious that it mu A be guarded againfl. I. There may be £^able to 
a fuperabundance of alkali prefent, or, which is the impurities,, 

fame thing, there may be mixed with the Prufiian teA 
a quantity of pure alkali ; or, 2. There may be contain* 

ed in it a quantity of yellow prufiiat of iron, for which 

prufliat of potafs has alfo a considerable affinity. 
If the Prufiian tefl contain a Superabundance of al¬ 

kali, two inconveniences follow. This Superabundant 
quantity will precipitate thofe earthy Salts which are li¬ 

able to contain an excefs of acid, and which are only 
foluble by that excefs : Hence alumina and barytes will 
be precipitated. It is to the ufe of impure tefls of 
this kind that we owe the opinion, that barytes and 
alumina are precipitated by the Prufiian alkali, and the 
confequent theories of the metallic nature of thefe earths. 

This miflake was firfl corrected, we believe, by Mr Kla¬ 

proth. 
Another inconvenience arifing from the fuperabun¬ 

dance of alkali in the Prufiian teA is, that it gradually 
decompofes the blue prufliat which the tefl contains, 
and converts it into yellow prufiiat. In what manner 
it does this will be underflood, after what has been Said, 

without any explanation. 
On the other hand, when the Prufiian alkali contains 

a quantity of yellow prufiiat of iron, as great inconve¬ 
niences follow. This yellow prufiiat has an affinity for 
prufiic acid, which, though inferior to that of the pot¬ 
afs, is Rill considerable ; andr on the other hand, the 

potafs has a Rronger affinity for ev-ery other acid than 
for the prufiic. When, therefore, the tefl is expofed^ 

to the air, the carbonic acid, which the atmofphere ah 
ways contains, afiifled by the affinity between the yel¬ 

low prufiiat and the prufiic acid, decompofes the pruf- 
fiat of potafs in the tefl;-and the yellow prufiiat is pre* 

cipitated in the form of Prufiian blue : And every other 

acid produces* the fame effeCt. A tefl of this kind*- 
therefore, would indicate the prefence of iron in every 
mixture which contains an acid (for a precipitation of 

Prufiian blue would appear) ; and could not, therefore* 

be trufled to with any confidence. 843' 
We will not attempt to deferibe the various methods Klaproth’* 

which different chemifts have adopted of preparing this method^ 

tefl ; but {hall’Satisfy ourfelves with deferibing the 0 8 

method of Klaproth, which anfwers the^purpofe com* 

pletely. This we (hall, do nearly in the words of Mr 

Kirwan. . 
Prepare a pure potafs, by gradually proje&ing into a 

large crucible heated to whitnefs a mixture of equal parts 

of purified nitre and cry Rais of tartar ; when the whole 
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Pruffiats. is inje&ed, let it be kept at a white heat for half an 

<*—hour, to burn off the coal. 

Detach the alkali thus obtained from the crucible, 

reduce it to powder, fpread it on a muffle, and expofe 

it to a white heat for half an hour. 

Diffolve it in fix times its weight of water, and filter 

the folution while warm. 

Pour this folution into a glafs receiver, placed in a 

fand furnace, heated to 17c0 or 1 8o°, and then gradu¬ 

ally add the bed Pruffian blue in powder, inje&ing new 

portions according as the former becomes grey, and 

fupplying water as faff as it evaporates ; continue until 

the added portions are no longer difcoloured, then in- 

creafe the heat to 212° for half an hour. 

Filter the ley thus obtained, and faturate it with ful- 

phuric acid moderately diluted ; a precipitate will ap¬ 

pear ; when this ceafes, filter off the whole, and wafh 

the precipitate. 

Evaporate the filtered liquor to about one quarter, 

and fet it by to cryftallize : after a few days, yellowifh 

cryftals of a cubic or quadrangular form will be found 

mixed with fome fulphat of potafs and oxide of iron ; 

pick out the yellowifh cryftals, lay them on blotting 

paper, and rediffolve them in four times their weight of 

cold water, to exclude the fulphat of potafs. 

7. Effay a few drops of this folution with barytic 

water, to fee whether it contains any fulphuric acid, and 

add fome barytic water to the remainder if neceffary : 

filter off the folution from the fulphat of barytes, which 

will have precipitated, and fet it by to cryftallize for a 

few days ; that the barytes, if any fhould remain, may 

be precipitated. If the cryftals now obtained be of a 

pale yellow colour, and difeover no bluifh ftreaks when 

fprinkled over with muriatic acid, they are fit for ufe ; 

but if they ftill difeover bluifh or green ftreaks, the fo- 

lutions and cryftallizations muft be repeated. 

Thefe cryftals muft be kept in a well-ftopped bottle, 

which to preferve them from the air fhould be filled with 

alcohol, as they are infoluble in it. 

Before they are ufed, the quantity of iron they con- 

fain fhould be afeertained, by heating 100 grains to 

rednefs for half an hour in an open crucible : the pruf- 

fic acid will be confumed, and the iron will remain in 

the ftate of a reddifh brown magnetic oxide, which fhould 

be weighed and noted : This oxide is half the weight 

of the Pruffian blue afforded by the Pruffian alkali ; its 

weight muft therefore be fubtra&ed from that of me¬ 

tallic precipitates formed by this teft. Hence the weight 

of the cryftals, in a given quantity of the folution, fhould 

be noted, that the quantity employed in precipitation 

may be known. Care muft be taken to continue the cal¬ 

cination till the oxide of iron becomes brown ; for while 

'* Kirwsns'it js black it weighs confiderably more than it fhould *. 

Mineral. ^ Prufliat of foda and iron. The only difcernible 

*'difference between this fait and the laft is, that it cry- 

f Bertbollet. ftallizes differently f. 

844 10. Prufliat of ammonia and iron. This triple fait 

Prufliat of j^s a]f0 been empIoyed as a teft ; but it is not fo eafy 

andiron. t0 obtain it in a ftate or purity as the other two. It 

was difeovered by Macquer, and firft recommended by 

Meyer. 

It forms flat liexangular cryftals, foluble in water, 

and deliquefees in the air. Pleat decompofes it like the 
jeurn. de , ^ rr , r 
^/.xxxiv.other pruffiatsj. . r , 
iox. We fhall not give any defcnption of the triple falts 
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formed by digefting the alkaline earths on prufliat of Sebat*. 

iron ; they are fufficiently known, and are not of any J 

ufe except as tefts ; and in that refpeft they are inferior 

to that above deferibed. They are all foluble in water, 

and are moft of them capable of cryftallizing. 8^5 

11. Prufliat of mercury. This fait, which was firft Prufliat of 

formed by Scheele, is compofed of the pruflic acid inercury* 

combined with the red oxide of mercury. It m2y be 

formed by boiling the red oxide of mercury with Pruf¬ 

fian blue. It cryftallizes in tetrahedral prifms, termi¬ 

nated by quadrangular pyramids, the fides of which cor- 

refpond with the angles of the prifm. 

This fait is capable of combining with fulphuric and 

muriatic acids, and forming triple falts, which have not 

yet been examined *. * Bertbolh, 

Sect. XXIV. Of Formats. 

The compounds into which the formic acid enters 

are called formats. We fhall not deferibe them, as little 

has been added to the account already given in the Ap¬ 

pendix to the article Chemistry in the Encyclopaedia. 

Sect. XXV. Of Sebats. 

The compounds into which the febacic acid enters 

are called febats. For our knowledge of this clafs of 

falts we are chiefly indebted to the celebrated Crell, 

who publiffied a differtation on the febacic acid and its 

combinations in the Philofophical Tranfa&ions for 1780 

and 1782. ... M 

1. Sebat of potafs. This fait is of a white colour. Alkaline fe¬ 

lts cryftals are quadrangular pyramids, of which two hats, 

oppofite fides are narrower than the others. It has a 

Iharp faline tafte like muriat of ammonia, but milder. 

It is foluble in water, infoluble in alcohol, and does not 

deliquefee when expofed to the air. Heat decompofes it. 

2. Sebat of foda. This fait is white. Its cryftals 

are pyramids, with three or four fides : a very mode¬ 

rate heat melts them. 

3. Sebat of ammonia. This fait in tafte and folubi- 

lity refembles muriat of ammonia, but it differs from it 

in not being capable of fubliming iron. g 

4. Sebat of lime. The cryftals of this fait are hex-Earthy fe. 

agons, terminated by a plane furface : they have a (harpbats, 

acrid tafte ; are very foluble in water, but not in alco¬ 

hol : they do not deliquefee. 

5. Sebat of magnefia. A gummy, faline, uncryftal- 

lizable mafs. 

6. Sebat of alumina. A gummy faline mafs, which 

does not cryftallize, and has an auftere aftringent tafte. g « 

7. Sebat of iron. Needle-fliaped cryftals, which de-Metallicfe- 
liquefce. bats. 

8. Sebat of lead. Needle-fhaped cryftals, very folu¬ 

ble in water. 

9. Sebat of tin. A white deliquefeent fait. 

10. Sebat of copper. This fait is capable of cryftal¬ 

lizing, but is very deliquefeent. % 

11. Sebat of antimony. A cryftallizable fait, which 

does not deliquefee. 

12. Sebat of arfenic. Small cryftals. 

13. Sebat of mercury. A white powder, very dif¬ 

ficultly foluble in water. 

14. Sebat of gold. Yellow cryftals. 

15. Sebat of platinum. Brownifh yellow cryftals. 

The bombats or compounds which the bombic acid 

forms are ftill unknown. 

CHEMISTRY. 

% C 2 Sect. 
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Sect. XXVI. Of Arfeniats. 

The compounds formed by the combination of the 

arfenic acid with bafes are called arfeniats. This clafs 

of falts was firft difcovered by Macquer ; but little ac¬ 

curate was known concerning it till Scheele made known 

the arfenic acid. 
An abftrad of Scheele’s experiments has been given 

in the article Chemistry, Encycl. 
To his defcription of arfeniats feveral additions might 

be made, but not of fufficient conference to warrant a 

repetition of what has been given in that article ; and 

without fuch a repetition thefe additions would fcarcely 

be intelligible. 

Sect. XXVII. Of Metallic Acid Salts. 

It has been conje&ured that all metals may be con¬ 

verted into acids by combining them with a fufficient 

quantity of oxygen. This conje&ure has been veiified 

in a confiderable number of inftances. We have feen 

the arfenic acid, the tungflic acid, the molybdic acid, 

and the new metallic acid of Vauquelin. Berthollet 

has difcovered that platinum becomes an acid ; and 

the fame thing has been afcertained with regard to tin. 

Even thofe metallic oxides which do not poffefs many 

of the chara&ers of acids are capable of combining with 

alkalies and earths, and of forming peculiar neutral falts. 

Thefe oxides, therefore, perform the office of acids ; 

and confequently muft be confidered as partaking of 

their nature, or rather as a kind' of intermediate fub- 

ftances between acids and thofe bodies which unite only 

with acids. 
Some of thefe neutral falts we ffiall proceed to enu¬ 

merate. # # 
s49 i. Aurat of ammonia, or fulminating gold. This 

dnegold fal* is compofed of the oxide of gold and ammonia. 

* This compound may be formed by precipitating gold 

from nitro-muriatic acid by ammonia. The precipitate 

is fulminating gold. Bergman was the fit ft who clear¬ 

ly demonftrated that this powder is compofed of oxide 

of gold and ammonia. When heated a little above the 

boiling temperature it explodes with aftoniffiing vio¬ 

lence. ^ Chemifts had made many attempts to explain 

the caufe of this phenomenon, but without fuccefs, till 

Mr Berthollet difcovered the compofition of ammonia. 

After making that difeovery, he proved, by a number 

of delicate and hazardous experiments, that during the 

fulmination the ammonia is decompofed, that its hydro¬ 

gen combines with the oxygen of the oxide and forms 

water, while the azot flies off in a gafeous form, and 

S5o occalions the explofion. # > 

Fulmina- 2. Argentat of ammonia, or fulminating filver. This 

ting filver. fubftance was difcovered by Mr Berthollet. It may be 

formed by diffolving oxide of filver in ammonia. It is 

a black powder. It poffeffes the fulminating property 

much more powerfully than the laft deferibed fubftance. 

The flighted; fri&ion makes it explode with violence. 

* Berthollet, This property, as Mr Berthollet has proved*, is owing 

Ann.de to the fame decompoiition of ammonia and formation 

Chim, i. Qf water that Caufes the explofion of fulminating gold. 

If a fmall retort be filled with the liquor from which 

the fulminating lilver has been precipitated, and be made 

to boil, fome azot is difengaged, and fmall opaque cry¬ 

ftals are formed confiding of the fame fubftance; which 

explode when touched, though they be covered with 

STR V, Part III. 
water. Nitrat and muriat of barytes precipitate filver Hydroful- 

from this fait. . . Phuretfc. 

3. Mercurial of lime. Oxide of mercury boiled with g3 x 

lime-water forms, by evaporation, fmall tranfparent yel- Mercuriat 

low cryftals *. Iltre ani 

4. Mercurial of ammonia. Oxide of mercury dif-^*mm°- 

folves in ammonia in large quantity, and by evapova- , 

tion furnifhes a white faltf. . f Lavoifierp 
5. Cuprat of ammonia. Oxide of copper diffolves/W. 

in ammonia. Mr Sage lias delcribed its cryftallization. ^ 

It is decompofed by lime and potafs, arid cuprat of lime aLVilmonja# 

and potafs are formed. . 833 

6. Stannat of gold. When gold is precipitated byStannatof 

tin it unites with it. Vogel and Beaume firft obferved Solti* 

that the precipitate, which is purple, contained tin. 854 
y. Plumbat of lime. Lime-water boiled on the red Plumbat 

oxide of lead diffolved it. This folution, evaporated in aot ltnc* 

retort, gave very fmall tranfparent cryftals, forming prif- 

matic colours, and not more foluble in water than lime. 

It is decompofed by all the fulphats of alkalies and by ful- 

phurated hydrogen gas. The fulphuric and muriatic 

acids precipitate the lead. It blackens wool, the nails, 

the hair, white of eggs ; but it does not affect the colour 

of filk, the fkin, the yoke of eggs, nor animal oil. It is 

the lead which is precipitated on thefe coloured fub- 

ftances in the ftate of oxide; for all acids can diffolve it. f Berthollet, 

The fimple mixture of lime and oxide of lead blackens Ann.de. 
thefe fubftances ; a proof that the fait is eafily formed Uim.u 37. 

8. Zincat of ammonia. De Caffone has publiffied azh]c5astof 

great number of experiments on the property which ammonia. 

ammonia has of diffolving oxide of zinc. Lime-water § Id. ibid. 

and potafs alfo diffolve it J. _ # 

9. Antimoniat of potafs. When antimony is deto- Antimon]-afi 

nated with nitre in a crucible, part of its oxide unites0f porafs. 

with the potafs of the nitre ||. || id. ibid. 

Chap. III. O/Hydrosulphurets. 

Sulphurated hydrogen gas, which has been deferi-Properties 

bed in the firft part of this article, poffeffes almoft alloflulphu- 

the properties of acids. It combines with water, and'rogcn gas> 

the folution gives a red colour to vegetable blues. It 

decompofes foaps and fulphurets, and is capable of com¬ 

bining with alkalies, earths, and metallic oxides, and of 

forming compounds, to which Mr Berthollet, to whom 

we are indebted for difeovering them, has given the 

name of hydrofulphurets f. f Ann. de 

Before giving any account of thefe compounds, which ciim. xxv. 

we ffiall do from the paper of Berthollet juft quoted,233. 

we beg leave to make a few previous obfervations, in 

order to re&ify fome inaccuracies into which we have 

fallen from not being acquainted with the experiments 

of that philofopher. ^ # , 858 

Sulphur is capable of combining with alkalies, earths,Remarks 
metals, and metallic oxides, and forming the compounds on fulphu- 

known by the name of fulphurets. The alkaline, earthy,rets* 

and even fome of the metallic fulphurets, can only exift 

in a ftate of drynefs: the inftant they are moiftened with, 

water, a quantity of fulphurated hydrogen gas is form¬ 

ed, which combines with the fulphuret, and forms a new- 

compound. To thefe triple compounds Mr Berthollet 

has given the name of hydrogenous fidphurets. All fo- 

lutions of fulphurets in water are in tad hydrogenous 

fulphurets. Were it not for the formation and combi¬ 

nation of fulphurated hydrogen, the alkaline fulphurets 
would 
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Hydroful- would be completely decompofed by water, and their 

t phurets. fulphur precipitated; for water has a ftronger affinity 

U 'r"^ for the alkalies than fulphur has. This Bei thollet pro¬ 

ved by the following experiment : To a folution of ful- 

phuret of potafs in water (that is, to hydrogenous ful- 

phuret of potafs), a quantity of oxy-muriatic acid fu- 

perfattirated with potafs was added, and the fulphur 

was immediately precipitated. In this experiment the 

fulphurated hydrogen was deftroyed by the oxygen of 

the oxy-mnriatic acid ; and th^ precipitation of the ful¬ 

phur fhews that its affinity for potafs was not fufficient 

to keep it diffolved, or, which is the fame thing, that 

its affinity for potafs was inferior to that of water. 

The fubftance which we deferibed in Fart I. chap. iii. 

fedl. 4. of this article, under the name of Black Sul- 
phuret of Mercury, is a hydrogenous fulphuret of mer¬ 

cury, and therefore differs from the red fulplmret of 

mercury or cinnabar by containing a quantity of ful¬ 

phurated hydrogen. Potafs has a ftronger affinity for 

this laft fubftance than the fulphuret ; potafs therefore, 

by the affiltance of heat, deprives the black or hydro¬ 

genous fulphuret of its fulphurated hydrogen, and re¬ 

duces it to the ftate of red fulphuret. This explains 

the method of forming cinnabar deferibed in the fedlion 

above referred to, and points out a much eafier procefs 

for obtaining that ufefnl pigment. 

We (hall now proceed to the method of forming the 

hydrofulphurets. Berthollet obtained fulphurated hy¬ 

drogen gas from fulphuret of iron in the ufual manner, 

by means of fulphuric acid. It was made to pafs thro’ 

a veffel filled with water before it entered that in which 

the combination was to take place. By this method a 

folution of potafs was impregnated with fulphurated hy¬ 

drogen ; and in order to be certain of faturating the 

alkali completely, the gas was added in excefs, and the 

excefs was afterwards driven off by means of heat. By 

th is method hydrofulphurets of potafs, foda, and ammo¬ 

nia, may be formed. 

In order to form hydrofulphuret of lime, that earth 

was mixed with diflilled water, and fulphurated hydro¬ 

gen gas palled into this mixture till a fufficient quan¬ 

tity of hydrofulphuret was judged to be formed ; the li¬ 

quid, which contained it in folution, was poured off the 

undiffolved lime, and faturated to excefs with fulphura¬ 

ted hydrogen, and this excefs was afterwards driven off 

by means of heat. 

Hydrofulphuret of magnefia may be formed by dif- 

folving magnefia in water impregnated with fulphura¬ 

ted hydrogen gas. 

If a folution of fulphuret of barytes in water, or, 

more properly, if hydrogenous fulphuret of barytes be 

evaporated, a great number of confufed cryftals are 

formed ; if thefe be feparated quickly by filtration, and 

placed upon blotting paper to dry, a white cryftalline 

fubftance is obtained, which is hydrofulphuret of ba¬ 

rytes. 

The affinities of the alkalies and earths for fulphura¬ 

ted hydrogen appear, from the experiments of Berthol¬ 

let, to be as follows : 

Barytes, 

Potafs, 

Soda, 

Lime, 

Ammonia* 
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Almoft all the metallic oxides have a ftronger affinity 

for fulphurated hydrogen than the earths have. 86a 

When the hydrofnlphurats are prepared with the ne- Properties 

ceffary precautions to prevent the contadl of atmofphe-^ hydro- 

rical air, they are colourlefs, but the a&ion of the air uP:iuret3* 

renders them yellow. 

If they be decompofed while they are colourlefs, by 

pouring upon them fulphuric acid, muriatic acid, or 

any other acid which does not adl upon hydrogen, the 

fulphurated hydrogen gas exhales without the depofition 

of a fingle particle of fulphur ; but if the hydrofulphu- 

ret has become yellow, fome fulphur is always depofited 

during its decompofition, and the quantity of fulphur is 

proportional to the (Jeepnefs of the colour. 

The yellow colour, therefore, which hydrofulphurets 

acquire by expofure to the atmofphere is owing to a 

commencement of decompofition. Part of the hydro¬ 

gen of the fulphurated hydrogen abandons the fulphur, 

combines with the oxygen of the atmofphere, and 

forms water. By degrees, however, a portion of the 

fulphur is alfo converted into an acid ; and when the 

proportion of fulphurated hydrogen is diminiihed, and 

that of the fulphur inereafed to a certain point, the ful¬ 

phur and the hydrogen combine equally with oxygen. 

If fulphuric or muriatic acids be poured upon a hy¬ 

drofulphuret after it has been for fome time expofed to 

the air, a quantity of fulphurated hydrogen gas exhales, 

fulphur is depofited, and after an interval of time fulphu- 

rous acid is difengaged. It is therefore fulphurous, and 

not fulphuric acid, which is formed while the hydro¬ 

fulphuret fpontaneoufly abforbs oxygen. This acid, 

however, is not perceptible till after a certain interval 

of time when feparated from the hydrofulphuret by 

means of an acid ; becaufe as long as it meets with ful¬ 

phurated hydrogen a reciprocal decompofition takes 

place. The oxygen of the acid combines with the hy¬ 

drogen of the gas, and the fulphur of both is precipi¬ 

tated. 863 

Sulphurated hydrogen is capable of combining with Metalline' 

feveral of the metals, mercury, for inftance, and iilver: h>droful~ 

it combines with the greater number of the metallic ox-1 

ides, and forms hydrofulphurets, on which the alkalies 

have no action at the temperature of the atmofphere : 

But concentrated acids combine with the oxides of thefe 

hydrofulphurets, and feparate the fulphurated hydrogen 

in the form of gas. 

In the greater number of thefe metallic oxide hydro¬ 

fulphuret s, the tendency which oxygen and hydrogen 

have to combine occafions a partial decompofition of 

the fulphurated hydrogen, and brings the oxides nearer 

to the metallic ftate. In fome of thefe hydrofulphurets 

part of the fulphur alfo combines with oxygen, and 

forms fulphuric acid. 

The alkaline hydrofulphurets precipitate all the me¬ 

tals from their combination with acids; they are there¬ 

fore very valuable tefts of the prefence of metals in any 

folution, as they do not precipitate any of the earths 

except alumina and jargonia. The following Table ex¬ 

hibits a view of the effeft of hydrofulphuret of potafs,. 

hydrogenous fulphuret of potafs, and water impregna¬ 

ted with fulphurated hydrogen gas, upon various me¬ 

tallic folutions* 

Metallic 
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Metallic Solutions. 
Solution of Hycln genous Sul- 

phuret of Potafs. 
Water impregnated wi h Sul¬ 

phurated Hydtogen Gas. 
Hydrofulf huret of Potafs. 

Green fulphat of 

iron. 

A black precipitate, which 

becomes yellow by the con* 

ta& of the air. 

A black precipitate. The 

potafs feparated. 

Red oxide of iron. 

Becomes black. The liquor 

remains very deep coloured 

if there be an excefs of ful- 

phurated hydrogen. 

Becomes black. 

Sulphat of zinc. A white precipitate. A white precipitate. A white precipitate. 

Acetite of lead. 
A white precipitate, which by 

an addition becomes black. 
A black precipitate. A black precipitate. 

Red oxide of ltad. Becomes black. The potafs feparated. 

Nitrat of bifmuth. A black precipitate. A black precipitate. 

Oxide of bifmuth. Becomes black. 

Nitrat of filver. A black precipitate. A black precipitate. A black precipitate. 

Sulphat of copper. A brown precipitate. A black precipitate. A black precipitate. 

Green oxide of cop¬ 

per. 
Becomes black. Separation of the potafs. 

Nitrat of mercury. 
In a great deal of water, a 

brown colour. 

A brownilh black precipi¬ 

tate. 

A brownifh black precipi¬ 

tate. 

Oxy-muriat of mer¬ 

cury. 

A white precipitate, which 

becomes black by addition. 

A white precipitate, beco¬ 

ming black by an addition. 

White, becomes black by ad¬ 

dition. 

Red oxide of mer¬ 

cury. 
Blackifh. 

A heat produced which cau- 

fedthehydrofulphuret toboil. 

The alkali feparated (a). 

Muriat of tin. A black precipitate. 

Oxy-muriat of tin. 
A precipitation of fulphur, 

and of the oxide. 
No change. 

A precipitate of white oxide 

of tin, and a difengagement 

of fulphurated hydrogen gas. 

White oxide of tin. No change. 
Difengagement of fulphura¬ 

ted hydrogen gas. 

Sulphat of manga- 

nefe. 
No change. A white precipitate. 

Black oxide of man* 

ganefe. 

The odour difappears. An 

excefs of the water difTolves 

the oxide. 

Ammonia difengaged. Heat. 

The liquor boils (a). 

Nitrat of antimony. 
A reddifhorange precipitate. 

Tartrite of antimo¬ 

ny. 
A yellow orange precipitate* 

An orange colour, but no 

precipitate. 

An orange red precipitate, 

rediflolved by an Excefs of 

hydrofulphuret. 

White oxide of an¬ 

timony. 

Becomes yellow after fome 

feconds. 
Theliquor lofes its colour(A). 

Metallic 

(a) In thefe, hydrofulphuret of ammonia was ufed inflead of hydrofulphuret of potafs. 
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Metallic Solutions. 
Solution of Hydrogenous Sul- 

phuret of Potafs. 

Water impregnated with Sul¬ 
phurated Hydrogen Gas. 

Hydrofulphuret of Potafs. 

Oxide of antimony 

fublimed. 
Scarcely changes colour. 

Solution of oxide of 

arfenic. 

Sulphuret decompofed as by 

an acid. 

Becomes fomewhat muddy, 

and of a yellow colour. 

A yellow colour, but no pre¬ 

cipitate. 

Sulphat of titanium. A precipitate of a deep green. 

Molybdic acid. A brown precipitate. A brown precipitate. 

8^4 
©ryfials 

865 
formed by 
£©lution, 

Chap, IV. Of Crystallization. 

The word cryflal, in its ftri& and proper fenfe, fig- 
nifies a tranfparent body poffeffed of a regular figure. 
But it is now ufed to denote a body which has affumed 
a regular figure whether it be tranfparent or not. Cry* 

Jlal!i%ation is the a£i by which this regular figure is 

formed. 
As the greater number of cryftals belong to the clafs 

of neutral falts, it may not be improper, before we con¬ 

clude this part of the article, to make a few obfervations 

on the phenomena of cryftallization. 

As cryftallization is confeffedly nothing elfe than the 

regular arrangement of the particles of bodies, it is evi¬ 

dent that before it can take place the particles of the 

body to be cryftallized muft be at fome diftance from 

each other, and that they muft be at liberty to obey the 

laws of attra&ion, They may be put into this fituation 

by three methods, folution, fufpenfion, and fufion. 

I. Solution is the common method of cryftallizing 

falts. They are diffolved in water : The water is flow- 

ly evaporated, the faline particles gradually approach 

each other, combine together, and form fmall cryftals; 

which become conftantly larger by the addition of other 

particles till at laft they fall by their gravity to the bot¬ 

tom of the veffel. It ought to be remarked, however, 

that there are two kinds of folution, each of which pre- 

lents different phenomena of cryftallization. Some falts 

diffolve in very fmall proportions in cold water, but are 

very foluble in hot water ; that is to fay, water at the 

common temperature has little- effect upon them, but 

water combined with caloric diffolves them readily. 

When hot water faturated with any of thefe falts cools, 

it becomes incapable of holding them in folution : the 

confequence of which is, that the faline particles gra¬ 

dually approach each other and cryftallize. Sulphat of 

fbda is a fait of this kind. To cryftallize fuch falts, 

nothing more is neceffary than to faturate hot water 

with them, and fet it by to coot But were we to at¬ 

tempt to cryftallize them by evaporating the hot water, 

we fhould not fucceed ; nothing: would be procured but 

a fhapelefs mafs. Many, of the falts which follow this 

law of cryftallization combine with a great deal of wa¬ 

ter ; or, which is the fame-thing, many cryftals formed 

in this manner contain a great deal of water of cryftal- 

lization. 

There are other falts again which arc nearly equally 

foluble in hot and cold water; common fait for inftance. 

It is evident that fuch falts cannot be cryftallized by 

cooling ; but they cryftallize very well by evaporating 

their folution while hot. Thefe falts generally contain 

but little water of cryftallization. ^ 

2. It appears, too, that fome fubftances are capable Sufpenfion, 

of affuming a cryftalline form merely by having their 

particles fufpended in water, without any regular folu¬ 

tion ; at leaft it is not eafy, on any other fuppofition, 

to explain the cryftallizations of carbonat of lime fome- 

times depofited by waters that run over quantities of 

that mineral. 

3. There are many fubftances, however, neither fo- ^nd fu- 

luble in water, nor capable of being fo minutely divided flon. 

as to continue long fufpended in that fluid; and which, 

notwithftanding, are capable of affuming a cryftalline 

form. This is the cafe with the metals, with glafs, and 

fome other bodies. The method employed to cryftal¬ 

lize them \sfufion, which is a folution by means .of ca¬ 

loric. By this method the particles are feparated from 

one another; and if the cooling goes on gradually, they 

are at liberty to arrange themfelves in regular cryftals. 

There are many fubftances, however, which it has been 

hitherto impofllble to reduce to a cryftalline form, either" 

by thefe or any other method. Whether this be owing * 

to the nature of thefe bodies themfelves, or to our ig¬ 

norance of the laws by which cryftals are formed, as is ? 

much more likely, cannot he determined. ^ . 

The phenomena of cryftallization feem to have atvCryftalli- 

tra&ed but little of the attention of the ancient philo- zaqon ex- 

fophers. Their theory indeed, that the elements of bo- plained, 

dies poffefs certain regular geometrical figures, may 

have been fuggefted By thefe phenomena ; but- we are 

ignorant of their having made any regular attempt to 

explain them. The fchoolmen aferibed the regular fi¬ 

gure of cryftals to their fubftantial forms, without giving 

themfelves much trouble.about explaining the meaning ; 

of the term. This notion was attacked by Boyle ; who 

proved that cryftals were formed by the mere aggrega¬ 

tion of particles But it ftill remained to explain, ^ 

why that aggregation took place? and why the parti-e„tb!Origin 
cles united in fuch a manner as to form regular figures?ofYoumand 
Thefe queftions were anfwered by Newton. Accord- Qualities. 

ing to him, the aggregation is produced by the at- 

traeftion which lie had proved to ex ill between the par¬ 

ticles of all bodies, and which acls as foon as thefe 

particles are brought within a certain diftance of each 

other by the evaporation of the liquid in which they are 

diffolved. The-regularity of their figures he explained 

by fuppofing, that while in a ftate of folution they were 

arranged in the liquid in regular rank and file; the con- * 

fe queues 
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fequence of which, as they are a£led upon by a power 

which at equal diftances 13 equal, at unequal diftances 

unequal, will be cryftals of determinate figures *. 

This explanation, which is worthy of Newton, is 

now univerfally admitted as the true one, and has con¬ 

tributed much towards elucidating this important part 

of cbemillry. 

Still, however, there remain various phenomena re¬ 

lating to cryftallization, which it is no eafy matter to 

explain. 

It has been obferved, that thofe falts which cryftal- 

lize upon cooling, do not affume a cryftalline form fo 

readily if they are allowed to cool in clofe veffels. If 

a faturated folution of fulphat of foda, for inftance, in 

hot water be put into a phial, corked up clofely, and 

allowed to cool without being moved, no cryftals are 

formed at all ; but the moment the glafs is opened, the 

fait cryftallizes with fuch rapidity that the whole of the 

folution in a manner becomes folid. This phenomenon 

has been explained by fuppofing that there is an affi¬ 

nity between the fait and caloric, and that while the 

caloric continues combined with it the fait does not cry- 

ftallize; that the caloric does not leave the fait fo readi¬ 

ly when external air is not admitted, as glafs receives it 

very (lowly and parts with it very (lowly. I11 fhort, 

the atmofpherical air feems to be the agent employ¬ 

ed to carry off the caloric ; a talk for which it is re¬ 

markably well fitted, on account of the change of den- 

fity which it undergoes by every addition of caloric. 

This is confirmed by the quantity of caloric which 

always makes its appearance during thefe fudden cry- 

ftallizations. This explanation might be put to the 

teft of experiment, by putting two folutions of fulphat 

of foda in hot water in two limilar veflels; one of glafs, 

the other of metal, and both clofed in the fame man¬ 

ner. If the fait contained in the metallic veffel cry- 

ftallized, which ought to be the cafe on account of the 

great condu&ing power of metals, while that in the 

glafs veffel remained liquid, this would be a confirma¬ 

tion of the theory, amounting almoft to demonftration. 

On the contrary, if both folutions remained liquid, it 

would be a proof that the phenomenon was dill incom¬ 

pletely underftood. 

Not only falts, but water itfelf, which commonly cry¬ 

ftallizes at 3 2°, may be made to exhibit the fame phe¬ 

nomenon : it may be cooled much lower than 320 with¬ 

out freezing. This, as Dr Black has completely pro¬ 

ved, depends entirely upon the retention of caloric. 

If the regular form of cryftals depends upon the ag¬ 

gregation of particles, and if during all cryftallizations 

this aggregation goes on in the fame manner, why have 

not all cryftals the fame form ? Some have aferibed 

thefe differences to a certain polarity which the par¬ 

ticles of bodies are fuppofed to poffefs, and which dif- 

pofes each kind of particles to arrange themfelves ac¬ 

cording to a certain law. Sir Ifaac Newton appears ra¬ 

ther to have aferibed it to the forms of the particles 

■ themfelves ^ ; and this feems to be the real folution of 

the problem. For fuppofing that all particles have the 

fame form, they muft of courfe poffefs the fame polari¬ 

ty; and therefore every cryftal muft have the fame form. 

It is impoffible, then, to account for the different forms 

of cryftals without fuppofing that the particles which 

compofe them have alfo different forms. And if the 

particles of bodies have different forms, their regular 
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aggregation muft produce cryftals of various ffiapes ; Cryftalliaa- 

and therefore their polarity, which is merely a fuppofi- ff°n- 

tion founded on this difference in the appearance of v 

cryftals, cannot be admitted, Sappofe, for inftance, 

that eight cubic particles were regularly arranged in 

water, and that by the gradual evaporation of the li¬ 

quid were to approach, and at laft to combine, it is 

evident that the cryftal which they would produce 

would be a cube. Eight fix-fided prifms would alfo 

produce a fix-fided prifm; and eight tetrahedrons would 

form a very different figure. 

But it will be afked, if the figure of cryftals depends 

entirely upon the form of the particles that compofe 

them, how comes it that the fame fubftance does not 

always cryftallize in the fame way, but prefents often 

fuch a variety of forms that it is fcarcely pcffible to 

reckon them? We anfwer, that thefe various forms are 

fometimes owing to variations in the ingredients which 

compofe the integrant particles of any particular body. 

Alum, for inftance, cryftallizes in octahedrons; but 

when a quantity of alumina is added, it cryftallizes in 

cubes ; and when there is an exccfs of alumina, it does 

not cryftallize at all. If the proportion of alumina va¬ 

ries between that which produces oCtahedrons and what 

produces cubic cryftals, the cryftals become figures with 

fourteen Tides ; fix of which are parallel to thofe of the 

cube and eight to thofe of the o&ahedron ; and ac¬ 

cording as the proportions approach nearer to thofe 

which form cubes or oCtahedrons, the cryftals affume 

more or lefs of the form of cubes or oCtahedrons. What 

is (till more, if a cubic cryftal of alum be put into a 

folution that would afford oCtahedral cryftals, it paffes 

into an oCtahedron : and, on the other hand, an oCtahe¬ 

dral cryftal put into a folution that would afford cubic 

cryftals, becomes itfelf a cube *. Now, liow difficult a m ^e ^ianc 
matter it is to proportion the different ingredients with^„«. <je 
abfolute exaCtnefs, muft appear evident to all. Chim. xiv.v 

Another circumftance which contributes much to va-i49- 

ry the form of cryftals, is the different degree of con¬ 

centration to which their folution has been reduced, and 

the rapidity or (lownefs with which they are formed. 

For it is too evident to require illuftration, that when 

cryftals are depofited very rapidly they muft obftruCl 

one another, and mix together fo as very much to ob- 

feure the natural regularity of their form. 

Even the nature of the veffel in which the cryftalliza- 

tion is performed is not without fome influence. 

But, independent of thefe accidental circumftances, u 87? , 

Mr Hauy lias (hewn that every particular lpecies otoryofcry, 

cryftals lias a primitive figure, and that the variationsftals. 

are owing to the different ways in which the particles 

arrange themfelves. Of this theory, which is certainlyr 

exceedingly ingenious, and even farisfaCtory, we (hall 

attempt to give a fhort view. 

Happening to take up a hexangular prifm of calca¬ 

reous fpar, or carbonat of lime, which had been detached 

from a group of the fame kind of cryftals, he obferved 

that a fmall portion of the cryftal was wanting, and that 

the fraCture prefented a very fmooth furface. Let abede 
fgh (fig. 8.) be the cryftal; the fraCture lay obliquely as 

the trapezium psut, and made an angle of 13 50, both 

with the remainder of the bafe abesph and with tue.f, the 

remainder of the fide in ef. Obferving that the fegment 

psut in thus cut off had for its vertex in, one of the edges 

of the bafe abenih of the prifm, he attempted to detach 

a 
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, t>on‘ , c n belonged, employed for that purpofe the blade of 
a knife, dire&ed in the fame degree of obliquity as the 
trapezium p s u t, and affifted by the ftrokes of a ham¬ 
mer. He could not fucceed: But upon making the 
attempt upon the next edge b c, he detached another 
fegment, precifely fimilar to the firft, and which had for 

its vertex the edge b c. He could produce no effe& on 
the next edge a b ; but from the next following, a h, 
he cut a fegment fimilar to the other two. The fixth 
edge likewife proved refra&ory. He then went to the 
other bafe of the prifm d e f g h r, and found, that the 

edges which admitted fedlions fimilar to the preceding 
ones were not the edges e f, d r, g k, correfponding with 

thofe which had been found divifible at the oppofite 
bafe, but the intermediate edges de, k r, gf. The tra¬ 
pezium / q y v reprefents the fe&ion of the fegment, 
which had k r for its vertex. This fedlion was evident¬ 
ly parallel to the feftion p s u t ; and the other four fec- 
tions were alfo parallel two and two. Thefe fedh'ons 

were, without doubt, the natural joinings of the layers 
of the cryflal. And he eafily fucceeded in making 
others parallel to them, without its being poflible for 
him to divide the cryflal in any other dire&ion. Tn 
this manner he detached layer after layer, approaching 

always nearer and nearer the axis of the prifm, till at 
laft the bafes difappeared altogether, and the prifm was 

converted into a folid OX (fig. 9.), terminated by 
twelve pentagons, parallel two and two ; of which 
thofe at the extremities, that is to fay, ASRIO, IG 

EDO, BAODC at one end, and FKNPQ^MNPXU, 

^0?^^ at t^1G ot^er> were the refults of mechanical 
divilion, and had their common vertices O, P fituated 
at the centre of the bafes of the original prifm. The 

fix lateral pentagons RSUXY, ZYRIG, &c. were the 
remains of the fix fides of the original prifm. 

By continuing fedions parallel to the former ones, 
the lateral pentagons djminifhed in length ; and at laft 
the points R, G coinciding with the points Y, Z, the 
points S, R with the points U, Y, fee. there remained 
nothing of the^ lateral pentagons but the triangles YIZ, 
UXY, &c. (fig. io.). By continuing the fame fec- 

tions, thefe triangles at laft difappeared, and the prifm 
was converted into the rhomboid a e (fig. 11.). 

So unexpeded a refult induced him to make the 
fame attempt upon more of thefe cryftals ; and he found 
that all of them could be reduced to fimilar rhomboids. 
He found alfo, that the cryftals of other fubftances 
could be reduced in the fame manner to certain primi¬ 
tive forms ; always the fame in the fame fubftances, but 
every fubftance having its own peculiar form. The 

primitive form of juat lime, for inftance, was an oc¬ 
tahedron ; of fulphat of barytes, a prifm with rhomboi- 
oal bafes ; of field-fpath, an oblique angled parallelopi- 
ped, but not rhomboidal ; of adamantine fpar, a rhom¬ 

boid, fomewhat acute ; of blende, a dodecahedron, with 
. rhomboidal fides ; and fo on. 

.Thefe muit be conlidered as the real primitive forms 
of the cryftals; the other forms which they often af- 
i'ume may be called fecondary forms. 

The primitive cryftals obtained by the above procefs 

maybe divided by feaions parallel to their different fides: 
all the matter which furrounded this primitive crvftal 
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may alfo be divided by fedions parallel to the fides of Cryftalhza* 

the primitive cryflal. It follows from this, that the , tl0n* 
parts detached by means of thefe fe&ions are fimilar, " 
and differ from one another only in fize, which dimini- 
tees in proportion to the length that the divifion is car¬ 

ried. But the divifion of the cryftals into fimilar folids. 
has a term, beyond which we ftiould come to the fmalh 

eft particles of the body, which could not be divided 

without chemical decompofition. It is probable, there¬ 
fore, that the form of the integrant particles of a body 
is the fame with the primitive form of its cryftals. Here, 

then, we have a method of difeovering the form of the 
particles of bodies ; and if this method could be applied 
to all fubftances whatever, it would enable us to afeer- 
tain the affinity of all bodies for each other by accurate 

calculation. It muft be allowed that feveral objections 
.might be made to the conclufions of Mr Hauy ; but his 
theory is, on the whole, fo plaufible, that it would cer¬ 
tainly be worth while to extend it, and apply it to the 

calculation of affinities as far as it is fufceptible of the 
application. If the cryftals obtained by the above pro¬ 
cefs be the primitive forms, it becomes a queltion of 

fome confequence to determine in what manner the fe- 
condary forms are produced. 

According to Hauy, all the parts fuperadded to the 
primitive cryftals, in order to form the fecondary cry- 
ftal, confift of plates, which decreafe regularly by the 

fubtra&ion of one or more rows of integrant particles, 
in fuch a manner, that the number of thefe ranks, and 

confequently the form of the fecondary cryftal, may be 
determined by theory (c). J 

To explain this, let us fuppofe that EP (fig. 12.) re¬ 

prefents a dodecahedron, terminated by equal and fimi¬ 
lar rhombs ; that this dodecahedron is a fecondary cry¬ 
ftal, the primitive form of which is a cube : the fixa¬ 

tion of this cube in the dodecahedron may be conceived 
from fig. 13. The fmaller diagonals DC, CG, GF, 

FD, of four fides of the dodecahedron, united round 
the fame folid angle L, form the fquare CDFG. Now 

there are fix folid angles, compofed of four plains, co- 
wit, the angles L, O, E, N, R, P (fig. !2.) . and con. 

iequently, by making fedions through the fmaller dia¬ 
gonals of the fides that form thefe angles, fix fquares 
Will bp murlp __ *.T r r » * . will be made apparent, which are the fix fides of the 

primitive cube, three of which are renrefented in fur. i - 
CDFG, ABCD, BCGH. b 0 

This cube being compofed of cubic integrant parti¬ 
cles, each of the pyramids, LCDFG for inftance (fig. 
13. ) which repofe upon its fides, muft alfo, according 
to the theory, be compofed of fimilar cubic particle?, 
io make this appear, let us fuppofe that ABFG (fig 
14. ) is a cube compofed of 729 fmaIl cubes: Each of 
its fides will confift of 81 fquares, being the external 
fides of as many cubic particles, which together con- 

ft.tute the cube. Upon ABCD, one of fhe fides of 
this cube, let us apply a fquare lamina, compofed of 

cubes equal to thofe of which the primitive cryftal con- 
fifts, but which has on each fide a row of cubes lefs 
than trie outermoft layer of the primitive cube. It will 

, of courfe be compofed of 49 cubes, 7 on each fids ; fi, 
that its lower bafe 0 nfg (fig. I5.) will fall exactly on 

the fquare marked with the-fame letters in fig iA 
Above this lamina let us apply a fecond / ;\r 

-3 B .Vi! 

(c) The explanation of Bergman is not very different. See his Ofiifc. 
vol. ii. difT. I. 
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Cryfhlliza-16.), compofed of 25 cubes ; it will be fituated exactly 

tion. above the fquare marked with the fame letters (fig. 
14.) Upon this fecond let us apply a third lamina 

*v x y z (fig. 17.) confifting only of 9 cubes ; fo that 
its bafe fhall reft upon the letters v x y z (fig. 14.). 
Laftly, on the middle fquare r let us place the fmall 

cube r (fig. 18.), which will reprefent the laft lamina. 
It is evident, that by this procefs a quadrangular py¬ 

ramid has been formed upon the face ABCD (fig. 14-)’ 
the bafe of which is this face, and the vertex the cube 
r (fig. 18.). By continuing the fame operation on the 

other five fides of the cube, as many fimilar pyramids will 
be formed ; which will envelope the cube on every fide. 

It is evident, however, that the fides of thefe pyra¬ 

mids will not form continued planes, but that, owing to 
the gradual diminution of the laminae of the cubes which 
compofe them, thefe fides will refemble the fteps of a 
ftair. We can fuppofe, however (what muft certainly 

be the cafe), that the cubes of which the nucleus is 
formed are exceedingly fmall, almoft imperceptible ; 
that therefore a vaft number of laminae are required to 

form the pyramids, and confequently that the channels 
which they form arc imperceptible. Now DCBE (fig. 
19.) being the pyramid refting upon the face ABCD 

(fig. 14.), and CBOG (fig. 19.) the pyramid applied 
to the next face BCGH (fig. 14.)? if we confider that 
every thing is uniform from E to O (fig. 19.) in the 
manner in which the edge6 of the lamina of fuperpofition 

(as the Abbe Hauy calls the laminae which compofe the 
pyramids) mutually proje6l beyond each other, it will 

readily be conceived, that the face CEB of the firft 
pyramid ought to be exatftly in the fame plane with the 
face COB of the adjacent pyramid ; and that therefore 
the two faces together will form one rhomb ECOB. 

But all the fides of the fix pyramids amount to 24 tri¬ 
angles fimilar to CEB ; confequently they will form 12 
rhombs, and the figure of the whole cryftal will be a do¬ 
decahedron, fimilar to that reprefented in fig. 12 • and 13. 

If the decreafe of the laminae of fuperpofition took 

place according to a more rapid law, if each lamina 
had on its circumference two, three, or four rows of 
cubes lefs than the inferior lamina—in that cafe, the 
pyramids produced being lower, their adjacent faces 

would no longer form one plane; and therefore the fur- 
face of the fecondary cryftal would confift of 24 ifo- 

fceles triangles, all inclined towards each other. 
In this manner Mr Hauy has (hewn, that a variety 

of fecondary cryftais are formed, and that their forms 

vary by means of flight variations in the ratio of the 
decrement. Dodecahedral fulphuret of iron, for mftance, 

is formed from a cubic nucleus, by the addition of la¬ 
minae, decreafing, as in the example given above, with 

this difference, that from every lamina laid upon the 
face ABCD (fig. 14.) only one row of cubes are fub- 
tra&ed at the fides AD and BC refpe&ively ; whereas 
two rows are fubtra&ed at each of the fides AB and 
CD. The confequence of this more rapid decrement 
on two parallel fides than on the other two will be, 

that the pyramid raifed on the face ABCD (fig* 14-)> 
inftead of terminating in a fingle cube as in the example 
given above, will terminate in a range of cubes ; or 
(fuppofing the cubes infinitely fmall) inftead of termi¬ 
nating in a point, it will terminate in a ridge. The 
pyramid will therefore have for its two fides, contigu¬ 

ous to AB and DC; two trapeziums, and for its fides, 
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contiguous to AD and BC, two triangles. Let usCryftalliza- 

fuppofe alfo, that with regard to the laminae of fuper- tlon* M 
pofition which arife on the face BCGH (fig. 14.), the v 

decrements follow the fame law, and that each lamina 

decreafes by two rows of cubes towards the lines BC 
and HG, and only by one row towards the lines CG, 

BH : The pyramid, in that cafe, will be placed in a 

direction oppoiite to the pyramid on ABCD, the ridge 
at the vertex of it running parallel to BC : the vertex 
of the pyramid raifed upon CDFG muft be parallel to 
CG: the pyramids on the three other fides of the cube 

ought to ftand each like that which arifes on the op- 

pofite face. 
The fides of all the fix pyramids thus formed amount 

to twelve trapeziums 3nd twelve triangles. Every tri¬ 

angle is evidently contiguous and in the fame plane 
with a trapezium of the neareft pyramid ; confequently 

the fecondary cryftal thus formed confifts of twelve 

fides, each of which is a pentagon. 
Several other examples have been given by Mr Hauy; 

but thefe are fufficient to (hew in what manner the va¬ 
rious fecondary forms of cryftais are conftru&ed, ac¬ 
cording to the theory of that ingenious philofopher. 

In his refearches on this fubjeft, Mr Hauy percei¬ 
ved, that fome cryftais affumed fecondary forms which 
could not be accounted for by any decrement whatever 

along the edges. Thus, for inftance, fome bodies, the 
primary form of which is cubic, are fometimes found 
cryftallized in regular o&agons. Mr Hauy explains 
the formation of thefe fecondary cryftais, by fuppofing 
that the decrement took place parallel, not to the edges,, 

but to the diagonals of the faces of the primary cubes. 
In order to comprehend this, let us fuppofe ABCD 

(fig. 20.) to be the furface of a lamina compofed of 
fmall cubes, the bafes of which are reprefented by the 
little fquares in the figure. It is evident, that the cubes 

a, b9 c, dy eyfygy by i, are in the dire&ion of the diago¬ 
nal of the fquare ABCD ; that the row of cubes q, v, 
k, Uy x9y9 z, is parallel to the diagonal; as alfo the row 
n, ty l, mypy o, ry s ; and that the whole figure might 
be divided into rows of fquares, each of which would, 
be parallel either to the diagonal AC or DB. 

Now we may conceive that the laminae of fuperpo¬ 

fition, inftead of decreafing by rows of cubes parallel to 

the edges AB, AD, decreafe by rows parallel to the 

diagonals. 
Let it be propofed to conftruft around the cube AB 

GE (fig. 21.), confidered as a nucleus, a fecondary fo¬ 
il'd, in which the laminae of fuperpofition fhall decreafe 
on all fides by fingle rows of cubes, but in a direction 

parallel to the diagonals. Let ABCD (fig. 22.), the 
fuperior bafe of the nucleus, be divided into 81 fquares, 
reprefenting the faces of the fmall cubes of which it is 
compofed. Figure 23. represents the fuperior furface 

of the firft lamina of fuperpofition; which muft be 

placed above ABCD (fig. 22.) in fuch a manner that 
the points ol, bf, d, d'9 (fig. 23.) anfwer to the points- 
a9 by c9 dy (fig. 22.). By this difpofition the fquares 
A a9 B by C c9 D d (fig. 22.), which compofe the four 
outermoft rows of fquares parallel to the diagonals AC, 
BD, remain uncovered. It is evident alfo, that the 

borders QV, ON, IL, GF (fig. 23.), projeft by'one. 
range beyond the borders AB, AD, CD, BC (fig* 
22.), which is neceffary, that the nucleus may be en¬ 

veloped towards thefe edges: For if this were not the 
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Cryaalliza-cafe, re-entering angles would be formed towards tie 

tion. parts AB, BC, CD, DA, of the cryilal; which angles 

appear to be excluded by the laws which determine the 
formation of fimple cryftals, or, which comes to the 

fame thing, no inch angles are ever oblerved in any cry- 
ilal. The folfd muft increafe, then, in thofe parts to 
which the decrement does not extend. But as this de¬ 

crement is alone fufhcient to determine the form of the 
fecondary cryilal, we may fet afide all the other varia¬ 

tions which intervene only in a fubiidiary manner, ex¬ 

cept wheji it is wifhed, as in the prefent' cafe, to con- 
ftruct artificially a folid reprefentation of a cryilal, and 

to exhibit all the details which relate to its ftructure. 
The fuperior face of the fecond lamina will be A' 

G LTv (fig. 24.). It mull be placed fo that the points 
a", b", c', d", correfpond to the points a b c' d (fig 23.], 
which will leave uncovered a fecond row of cubes at 
each angle parallel to the diagonals AC and BD. 
The folid Hill increafes towards the tides. The large 
faces of the laminae of fuperpofition, which in fig. 23. 
were odlagons, in fig. 24. arrive at that of a fquare ; 
and when they pals that term they decreafe on all 
fides ; fo that the next lamina h3s for its iuperior face 
the fquare B'M L/S' (fig. 25.), lefs by. one range in 
eve*y diredlion than the preceding Lamina (fig. 24.). 

This fquare mull be placed fo that the points //, 
(fig. 25.) correfpond to the points e,f\ g, h (fig. 24.). 
"Figures 26, 27, 28, and 29, reprefent the four laminae 
which ought to rife fuccefiively above the preceding; tiie 
manner of placing them being pointed out by corre- 
fponding letters, as was done with refptcl to the three 

fir ft laminae. The laft lamina s' (fig. 30.) is a lingle cube, 
which ought to be placed upon the fquare a (fig. 29.). 

The laminae of fuperpofition, thus applied upon the 

fide ABCD (fig. 22.), evidently produce four faces, 
which correfpond to the points A, B, C, D, and form 
a pyramid. Thefe faces, having been iormed by lamina*, 
which began by increafing, and afterwards decreafed, 
mull be quadrilaterals of the figure reprefented in fig. 
31. ; in which the inferior angle C is the fame point 
with the angle C of the nucleus (fig. 21. and 22.) ; 
and the diagonal LQ^reprefents L'G' of the lamina 

A'G'L'K' (fig. 24.). And as the number of laminse 
compofing the triangle L Q^C (fig. 31.) is much 
fmaller than that of the laminae forming the triangle 
ZLQ^it is evident that the latter triangle will have a 
much greater height than the former. 

The furface, then, of the fecondary cryilal thus pro¬ 

duced, muft evidently confill of 24 quadrilaterals (for 
pyramids are raifed on the other 5 fides of the primary- 
cube exa&ly in the fame manner), difpofed 3 and 3 
around each folid angle of the nucleus. But in confe¬ 
rence of the decrement by one range, the three qua¬ 
drilaterals which belong to each folid angle, as C (fig. 

21.) will be in the fame plane, and will form an equila¬ 

teral triangle ZIN (fig. 32.). The 24 quadrilaterals, 
then, will produce 8 equilateral triangles ; and confe- 
quently the fecondary cryftal will be a regular o&agon. 

This is the ftru&ure of the o&ahedral fulphuret of lead 
and of muriat of foda. 

Decrements which take place in this mariner have 
been called by Mr Hauy decrements on the angles. 

There are certain cryflals in which the decrements 
on the angles do not take place in lines parallel to the 

diagonals, but parallel to lines fituated between the dia- 
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gonals and the edges. This is the cafe when the fub- Crjftalhza- 

tra&ions are made by ranges of double, triple, &c., t1011, , 

molecniae. Fig. 33. exhibits an inftance of the fub- i 
tra&ions in queftion ; and it is feen that the mole¬ 

cular which compofe the range reprefented by that fi¬ 
gure are afforted in fuch a manner as if of two there 
were formed only one ; fo that we need only to con¬ 

ceive the cryftal compofed of parallelopipedons having 

their bafes equal to the finall rcclangles a b c d> e d f g9 
h g i /, &c. to reduce this cafe under that of the com¬ 

mon decrements on the angles. To this particular 
kind of decrement Mr Hauy has given the name of i»- 
ter mediate. 

In other cryftalsthe decrements, either on the edges 

or on the angles, vary according to laws, the proportion 
of which cannot be expreffed but by the fraclion y or 

It may happen, for example, that each lamina ex¬ 

ceeds the following by two ranges parallel to the edges, 
and that it may at the fame time have an altitude triple 
that of a fimple molecule. Figure 34. reprefent' a ver¬ 
tical geometrical fedlion of one of the kinds of pyrarAds 
which would refult from this decrement ; the effed. of 

which may be readily conceived, by confidering that AB 
is a horizontal line taken on the upper bafe of the nu¬ 
cleus, b a s r the fe&ion of the firft lamina of fuperpo¬ 

fition, g f en that of the fecond, &c. Thefe decrements 
Mr Hauy has called mixed. 

Thefe two laft fpecies of decrements occur but rarely; 

Mr Hauy found them only in certain metallic fubftances. 
All the metamorphofes to which cryftals are fubjedl- 

ed depend, according to Mr Hauy, on the laws of 

ftru&ure juft explained, and others of the like kind. 

Sometimes the decrements take place at the fame time 
on all the edges; as in the dodecahedron having rhom- 

bufes for its planes, as before mentioned ; or on all the 
angles, as in the o&ahedion originating from a cube. 
Sometimes they take place only on certain edges or 
certain angles. Sometimes there is an uniformity be¬ 
tween them ; fo that it is one fingle law by one, two, 

three ranges, &c. which ads on the different edges, or 
the different angles. Sometimes the law varies from 
one edge to the other, or from one angle to the other; 
and this happens above all when the nucleus has not a 
fymmetrical form ; for example, when it is a parallelo- 

pipedon, the faces of which differ by their refpe&ive 
inclinations, or by tlie meafure of their angles. In 
certain cafes the decrements on the edges concur 
with the decrements on the angles to produce the fame 

cryftalline form. It happens alfo fometimes that the 
fame edge, or the fame angle, is fubjedled to feveral 
laws of decrement that fucceed each other. In ftiort, 
there are cafes where the fecondary cryftal has faces pa¬ 
rallel to thofe of the primitive form, and which combine 
with the faces produced by the decrements to modify 
the figure of the cryftal. 

The cryftals arifing from a fingle law of decrement 
have been called by Mr Hauy fimple fecondary forms ; 
thofe which arife from feveral fimultaneous laws of de¬ 
crement he has called compound fecondary forms, 

“ If amidft this diverfity of laws (he obferves), fome- 

' times infulated, fometimes united by combinations more 

or lefs complex, the number of the ranges fubtra&ed 

were itfelf extremely variable ; for example, were thefe 

decrements by twelve, twenty, thirty, or forty ranges, 

or more, as might abfolutely be poffible, the multitude 
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CryTtalliza- of the forms which might exifl in each kind of mineral 
ticn. would be immenfe, and exceed what could be imagined. 

' But the power which effefts the fubtra&ions feems to 
have a very limited a&ion. Tbefe fubtra<5tions, for the 
moil part, take place by one or two ranges of molecules. 
T have found none which exceeded four ranges, except 
in a variety of calcareous fpar, forming part of the col¬ 

lection of C. Gillet Laumorit, the ftru&ure of which de¬ 
pends on a decrement by fix ranges; fo that if there exiil 
laws which exceed the decrements by four ranges, there 

is reafon to believe that they rarely take place in nature. 
Yet, notwithftanding thefe narrow limits by which the 
laws of cryftallization are circumfcribed, I have found, 

by confining myfelf to two of the fimpleft laws, that is 

to fay, thofe which produce fnbtradtions by one or two 

ranges, that calcareous fpar is fufceptible of two thou- 
tand and forty-four different forms: a number which 
exceeds more than fifty times that of the forms already 
known ; and if we admit into the combination decre¬ 

ments by three and four ranges, calculation will give 
8,388,6o4.pofiible forms in regard to the fame fubflance. 
This number may be fiill very much augmented in con- 
fequence of decrements either mixed or intermediary. 

“ The ft rise remarked on the furface of a multitude 

of cryftals afford a new proof in favour of theory,, as 
they always have directions parallel to the projecting 
edges of the laminae of fuperpofition, which mutually 

go beyond each other, unlefs they arife from fome par. 
ticular want of regularity. Not that the inequalities 
refulting from the decrements muft be always fenfible, 
fuppofing the form of the cryftals had always that degree 
of finifhing of which it is fufceptible; for, on account of 
the extreme minutenefs of the molecules, the furface 
would appear of a beautiful polifh, and the ftriae would 
elude our fenfes. There are therefore fecondary cry¬ 

ftals where they are not at all obferved, while they 
are very vifible in other cryftals of the fame nature 

and form. In the latter cafe, the a&ion of the caufes 
which produce cryftallization not having fully enjoyed 

all the conditions neceffary for perfe&ing that fo deli¬ 
cate operation of nature, there have been Harts and in¬ 
terruptions in their progrefs, fo that, the law of conti¬ 
nuity not having been exa&ly obferved, there have re¬ 
mained on the furface of the cryftal vacancies apparent 
to our eyes. Thefe frnall deviations are attended with 
this advantage, that they point out the dire&ion accord¬ 

ing to which the ftriae are arranged in lines on the perfect 

forms where they efcape our organs, and thus contri¬ 
bute to unfold to us the real mechanifm of the ftrudlure. 

“ The frnall vacuities which the edges of the laminae 

of fuperpofition leave on the furface of even the moft per- 

fedl fecondary cryftals, by their re-entering and falient 
angles, thus afford a fatisfadlory folution ot the difficul¬ 

ty a little before mentioned ; which is, that the frag¬ 
ments obtained by divifion, the external fides of which 
form part of the faces of the fecondary cryftal, are not 
like thofe drawn from the interior part. For this di- 

verfity, which is only apparent, arifes from the fides 
in queftion being compofed of a multitude of frnall 
planes,, really inclined to one another, but which, on 
account of their fmailnefs, prefent the appearance of 
one plane ; fo that if the divifion could reach its utmoft; 
bounds, all thefe fragment's would be refolved into mole¬ 
cules fimilar to each other, and to thofe fituated to¬ 

wards the centre. 

Chim. xvsi» 

“ The fecundity of the laws on which the variations Ciyftalliza- 
of cryftalline forms depend, is not confined to the tlon* 
producing of a multitude of very different forms with '* v 

the fame molecules. It often happens alfo, that mole¬ 
cules of different figures arrange themfelves in fuch a 

manner as gives rife to like polyhedra in different kinds 
of minerals. Thus the dodecahedron with rhombufes 
for its planes, which we obtained by combining cubic 
molecules, exifts in the granite with a ftrudlure com¬ 
pofed of frnall tetrahedra, having ifofceles triangular 

faces ; and I have found it in fparry fluor (Jluat of 
lime), where there is alfo an affemblage of tetrahedra, 
but regular; that is to fay, the faces of which are equi- 
lateraltriangles. Nay more, it is poffible that fimilar 

molecules may produce the fame cryftalline form by dif¬ 
ferent lav/s of decrement. In fhort, calculation has 
condudled me to another refult, which appeared to me 

Hill more remarkable, which is, that, in confequence of 
a fimple law of decrement, there may exift a cryftal 

which externally has a perfedl refemblance to the nu¬ 
cleus, that is to fay, to a folid that does not arife from 

any law of decrement * Ann' ** 

Such is a fhort view of the theory by which Mraz^* 
Hauy explains the various cryftalline forms of the 
fame fubflance. We would with pleafure have entered 
more into detail, had not moll of his examples been 
deduced from fubftances which belong rather to mi¬ 
neralogy than to the elements of chemiftry. This 
theory, to fay no more of it, is, in point of ingenuity, 
inferior to few; and the mathematical fkill and induftry 

of its author are intitled to the greateft applaufe. 
But what we confider as the moft important part of 

that philofopher’s labours, is the method which they 
point out of difeovering the figure of the integrant 
particles of cryftals; becaufe it may pave the way for 
calculating the affinities of bodies, which is certainly by 

far the moft important part of chemiftry. This part of 
the fubjedl, therefore, deferves to be fnveftigated with 

the greateft care. 
Mr Hauy has found, that the primitive form of all 

the cryftals which lie has examined may be reduced to 
fix; i. The parailelopipedon in general, comprehending 
the cube, the rhomboid, and all folids terminated by fix 
fides parallel two and two; 2. The regular tetrahedron ; 
3. The odlahedron with triangular fides; 4. The hex¬ 
agonal prifm ; 5. The dodecahedron bounded by 
rhombs; 6. The dodecahedron bounded by ifofceles , 

triangles. Were we to fuppofe that thefe primitive 

forms are exactly fimilar to the form of the integrant 
particles which compofe them, it would follow, that the 

integrant particles of all the cryftals hitherto formed 
have only fix different forms. This fuppofition, how¬ 

ever, is not probable ; becaufe the fame nucleus has 
been difeovered in different fpecies of minerals, and be¬ 
caufe we can eafily conceive integrant particles of diffe¬ 
rent forms, combining in fuch a manner as to compofe 
nuclei of the fame figure, juft as we have feen that dif¬ 
ferent. primitive forms are capable of producing the fame 
fecondary form. Still, therefore,in endeavouring to difeo- 

ver the integrant particles of bodies, there are difficulties 

to remove, which hitherto,at leaft,have been unfurmount- 
able. But the theory of Mr Hauy may be confidered as 
a firft; ftep towards the difeovery; and aJlep in refearches 

of fo difficult v nature is of very great confequence. 
We 
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Conclufion. We liave now finifhed the three firfl parts of this ar- 
'—r—' tide, which comprehend all the elementary part of che- 

miftry. We ought now to proceed to the fourth part, 
which was to confift of a chemical examination of fub- 

ftances as they exift in nature in the mineral, vegetable, 
and animal kingdoms; but this, for various reafons, we 

fhall defer till we come to the words Mineralogy, 

and Animal and Vegetable Substances. 
We fhall finifh this article with a few remarks upon 

the chemical nomenclature, which for fome time pafl 

has been an objeCl of ferious attention. 

Remarks Chemiflry was unfortunately firfl cultivated by a fet 
cntheche- of ignorant men, filled with the higheft notions of their 

own importance, and buoyed up with the mighty feats 
•which they were to perform by their art. The little 
which they did know they were anxious to conceal; and 

their anxiety was no lefs to infpire the world with high 
ideas of their knowledge and power. The confequence 
of this was, that they loaded chemiflry with the moft ri¬ 
diculous and whimfical names that can well be conceived. 

Liver of fulphur, mercury of life, horned moon, butter of 
antimony, the double fecret, the corraline fecret, the fecret 
of vitriol, the wonderful fait, the fecret fait, the fait with 
many virtues, the fait of two ingredients, the foliated earth 
ef tartar, were the names by which they diftinguifhed 
fome of the moll familiar preparations ; and, were it 
worth'* while, a great many more names of the fame 

ftamp might eafily be added. 
As foon as chemiflry had attra&ed the attention of 

men of fcience, the abfurdity of its nomenclature was 
felt, and feveral partial improvements were at different 
times made in it. Macquer, in particular, difearded 
many of the ancient names, and fubftituted others lefs 
exceptionable in their place. 

But foon after the publication of the firfl edition of 
his Dictionary, an evil began to be felt feverely, which 
never could have occurred to the earlier chemifls. Hi¬ 
therto the number of obje&s which had engaged the 
attention of thofe who cultivated the fcience had been 
very limited ; the acids amounted only to five, the 
earths to four, the metals to i z or 14, and the neutral 

falts fcarcely exceeded 20 or 30.- To remember names 
for fo fmalha number of bodies, however ridiculous they 
happened to be, was Uo very difficult matter. But about 
that time, in confequence chiefly of the difeovery of 
fixed air by Dr Black, which laid the foundation of 
pneumatic chemiflry, the fcience began to extend itfelf, 
and to enlarge its boundaries with inconceivable rapi¬ 
dity. The number of bodies- conne&ed with it, and 
which-it had to deferibe, foon became immenfe; and if 
every one of them received names not dependant upon 1 
one another, the moft retentive memory could not have 
remembered the thoufandth part of them.; 

The difficulty of Undying chemiflry from that* time 
till the year 178*2 muft have. been* very great 

even perceived and complained of by the mailers of the^ 

fcience. In 1 782 Mr de Morveau, who had undertaken 
the chemical part of the Encyclopedic Meihodique, pub- 
Jifhed in the Journal de Phyf que a new chemical no¬ 
menclature, and at the fame time invited all thofe per- 
fons who were fond of chemiflry, and interefled in its 
progrefs, to propofe objections and improvements. 

This new nomenclature was formed agreeable to* the 

five following rules:: 
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1. Every fubflance ought to have a name, and not to Conclufioiu 

be denoted by a phrafe. w 

2. Names ought to be as much as poffible conformable 
to the nature of the things fignified by them. 

3. When the chara&er of a fubflance is not well 
enough known to determine the denomination, a name 

which has no meaning is preferable to one which con¬ 

veys a falfe idea. 
4. I11 the choice of new words thofe ought to be pre¬ 

ferred which have their roots in the dead languages 
moft generally known, that the word may be eafily fug- 
gefted by the fenfe, and the fenfe by the word. „ 

5. The new words ought to be as fuitable as pofiible 

to the genius of the languages for which they are formed. 
This nomenclature was approved of by Macquer, and 

by Bergman, who had himfelf propofed one upon a plan 
not very different (d). He wrote to Morveau, and ex¬ 
horted him to profecute his undertaking with courage. 
“ Do not fpare (fays he) a fingle improper denomina¬ 
tion ; thofe that are already learned will be always fo, 

and thofe that are not will learn the Sooner*.” Netbof* 
This nomenclature was adopted by feveral ckemifts, (fbim. Pre» 

and it was ufed in the greatefl part of the firfl volumeiace. ‘ 
of the chemical part of the Encyclopedic Methodique; 
but the new discoveries in chemiflry had produced a 

more accurate method of reafoning, and had enabled 
Lavoifier to explain the phenomena of the fcience 
without the affiftance of the hypothetical principle of 
phlogifton, which had hitherto been neceffary. As the 
language, even in its improved ftate, was accommodated 
to this principle, and prefuppofed its exiftence, new 
changes became evidently neceffary, in order that, ac¬ 
cording to Morveau’s- rule, <the^ words might denote the 
moft effential properties of the things intended to be 
fignified. Accordingly, when Morveau was in Paris in 
1787, Lavoifier, Berthollet, and Fourcroy, .agreed to 
labour in concert with him to bring the chemical no¬ 
menclature flill nearer to perfection. Tliefe philofo- 

phers, aififted by the mathematicians'of the Royal Aca¬ 
demy and by feveral chemifls,.formed a new nomencla¬ 
ture, which they made public in 1787, • 

For fome time little attention was-paid to this no¬ 
menclature by foreign chemifls, and it feemed generally 

to be disapproved. The adherents of the phlogiftic 
fyfleni in France, who were exceedingly numerous, 

viewed it as an engine artfully formed to undermine and* 
deftroy their favourite theory. They refolved, there- - 
fore, unanimoufly, to cruflt, if pofiible, this new in lini¬ 
ment, which they confidered as 

■- in nqflros fabricata machina muros, 
Ihfp$8ura domos, venturaque defuper urbt. 

And for this purpofe -they exerted themfelves with a vi¬ 
gour, which was only equalled by the zeal and indefati- 

it was gable exertions of their antagoniftsr A kind of civil 
war was thus kindled in the republic of letters’, which * 
was carried on with great- animofity: And poflerity 

will fee, with regret, men of undoubted genius at times 

divefling themfelves of the armour of truth and of can¬ 
dour, and endeavouring to Serve their party, and flab 
their adverfaries with darts fteeped in the poifoii of ca¬ 

lumny and falfehood *. This conteft, however, which j gce th£ 
was not confined to France, was productive of good tuj*itw.de 
feds, which infinitely furpafled all the bad ones. It Aty/. for ' 

17*8,8* 

90,91‘,/sfr 
Jim, 

ocea- 

{d) See his thoughts on a natural hiftory of fulfils in the 4th voL of his Opufc, 
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Condufion. occftfioned an accumulation of f«£ls, produced a rigid 

examination of theories and opinions, introduced an ac¬ 
curacy into chemical experiments which has been of the 
mod effential fervice, and gave that tone and vigour to 

the cultivators of chemiftry which have brought to light 
the moil fublime and unlooked-for truths. It deferveg 
attention, and the fa£l js no inconfiderable evidence in 
favour of the antiphlogiilic theory, that almoil all the 

illuftrious chemifts who at prefent adhere to it declared 
originally againil it. Berthollet, Morveau, Black, Kir- 
wan, and many other chemifts who are now its ableft 

defenders, were at firft its moil powerful opponents. 
This fyllem had hardly been publiihed in France 

(fays Dr Prieftley, who ftill continues to adhere to the 
do&rine of phlogifton) before the principal philofophers 
and chemifts of England, notwith{landing the rivalihip 
which has long fubfifted between the two countries, ea¬ 
gerly adopted it. Dr Black in Edinburgh, and as far 

as I hear all the Scots, have declared themfelves con¬ 
verts, and, what is more, the fame has been done by Mr 
Kirwan, who wrote a pretty large treatife in opposition 

to it. The Englifh reviewers of books, I perceive, uni- 
verfally favour the new do&rine. In America, alfo, I 
Fear of nothing elfe. It is taught, 1 believe, in all the 
fchools on this continent, and the old fyftem is entirely 
exploded. And now that Dr Crawford is dead, I 
hardly know of any perfon except my friends of the 
Lunar Society at Birmingham, who adhere to the doc¬ 
trine of phlogifton ; and what may now be the cafe 
with them in this 3ge of revolutions, philofophical as 
well as civil, I will not at this diftance anfvver for. 

“ It is no doubt time, and of courfe opportunity of 
examination and difeuflion, that gives liability to any 
principles. But this new theory has not only kept its 
ground, but has been conftantly and uniformly advan¬ 
cing in reputation more than ten years, which, as the at¬ 
tention of fo many perfons, the beft judges of every 

thing relating to the fnbjedt, has been unremittingly 
given to it, is no inconfiderable period. Every year of 
the laft twenty or thirty has been of more importance 
to fcience, and especially to chemiftry, than any ten in 

tUnsontbe the preceding century 
doBrhe of We have endeavoured in the preceding article to ftate 
phlogifton, the different theories which have fucceffively made their 
Introduc- appearance in chemijlry with as much fairnefsas pofiible. 

tl0n‘ If we have fucceeded, the reader will be enabled to 
judge for himfelf which of thefe theories is the moil con¬ 

fident with truth ; or rather, if we have fucceeded, he 
will join with us in thinking that the theory of Lavoi- 

fier is in mod points an accurate account of what takes 

place in nature. 
This we confider as a fufficient reafon for having 

adopted the new nomenclature; for, as Morveau long 

ago obferved, moil of the obje&ions that were made 
to it were rather levelled at the dodlrine of tliofe who 
formed it, than at the nomenclature itfelf. Its fu- 
periority to every other nomenclature cannot be dis¬ 

puted for an inftant; and the vaft facility which it has 
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added to the acquifition of chemiftry, muft be acknow-Conclufion, 

ledged by every one who knows any thing about the 

fcience. The Table of the new nomenclature will not 
be expe&ed here, as it has been already given in the 

Appendix to the article Chemistry in the Encyclo¬ 
pedia. At any rate, it would have been unneceffary, 
as we have ufed the new names all along; and therefore 

our readers muft by this, time be well acquainted with 
them. 

Upon the almdft infinite number of criticifms which 
have been made on the new nomenclature, and the ma¬ 

ny new terms which fince its publication have been fuc¬ 
ceffively propofed, we do not mean to enter. Few of 
thefe terms can bear a comparifon with the French no¬ 
menclature, and ftill fewer have any claim to be pre¬ 
ferred to it; and the philofophers who perfift in thefe 

ufeiefs innovations, are more probably adluated by the 
defire of appearing to have a (hare in the great revolu¬ 
tion which chemiftry has undergone, than by any hopes 
of being able to improve the accuracy or the elegance 

of its language. How few have difplayed the magna¬ 
nimity of an illuftrious philofopher of our own country, 
who, though he had invented a new nomenclature him¬ 
felf, exhorted his pupils not to ufe it, but to adopt that 
of the French chemifts, which was likely foon to come 
into univerfal ufe. 

Even the etymological remarks which have been made 
on the new nomenclature, we confider as either of little 
confequence or as ill-founded. The philofophers who 
formed it have difplayed a fagacity and a moderation 
which could not be excelled, and have, upon the whole, 
formed a language much more fyftematic, and much 
more perfedl, than could have been expedled; and who¬ 
ever compares it with the nomenclature propofed in 
1782 by Morveau, will fee how great a ihare of i*ufa 
due to that illuftrious philofopher. 

Notvvithftanding what we have here faid, we would 
not be underftood to confider the new nomenclature as 

already arrived at a ftate of fuch abfolutq perfe&ion, that 
no alteration whatever can be made in it except for the 
worfe. Such perfe&ion belongs not to the works of * 
man ; nor if it did, could it be expedled in this cafe, if 
we confider for a moment the prefent ftate of chemiftry. 

New difeoveries muft occafion additions and alterations 
in the nomenclature; but the authors ol the new nomen¬ 
clature have given u« the rules by which changes and 
additions are to be made ; and if they are adhered to, 

we may expert with confidence that the language of 
chemiftry will in its advancement to perfe&ion keep 

pace with the fcience. We have in the preceding ar¬ 
ticle ventured in an inftance or two to adopt little im¬ 

provements that have been fuggefted by later writers. 
We have taken the liberty, too, of choofing, from the 
variety which the Britiih chemifts have propofed, that 
mode of fpelling each of the terms which appeared to 

us moft agreeable to the Englifh idiom, and moft con¬ 
formable to analogy : Whether or not we have made a 

proper choice muft be left for others to determine. 

INDEX 
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A 
ACETATS, n° 800. 

Acetites, 464, and Part III. 

chap. ii. fed. 1 £. 
Acetic acid, Part II. chap. v. 

fed. 12. 
Acetous acid, Part II. chap. v. 

left. 11. 
Acid principle, 388. 
Acid, real,infnlphuric acid,398. 

in nitric acid, 412. 

Acid foaps, Part III. chap i. 

fed. 2. 
Acids, Part II. chap. v. 
Acidsy animal, 549. 

metallic, 559. 
vegetable, 526. 

Acidum pingue, 374. 
Adhefton explained, 566. 

experiments on, 577. 

Aerial acid, 457. 
jEs, meaning of the word, p. 

239, note. 
^^ni/jyexplain ed, n° 13, and Part 

II. chap. vi. 
Affinity, compound, 580. 

difpofing, 581. 

fimple, 579. 

Agujlinay 239. 
Atry a non-condudor of calo¬ 

ric, 260. 
artificial, 457. 

Alcoholy Part II. ch. ii. 
analyfis of, 353. 

fubftances, foluble in, 

358- 
Alhaliesy Part II. ch. iv. 
Alkali vegetabile vitriolatum, 

p. 359, note. 
Alkaline foaps, Part III. ch. i. 

fed. I. 
Alloy explained, p. 226, note. 

Alum, n° 636. 
fpirit of, p. 362, note. 

Alumen, n° 636. 
Alumina, Part I. ch. iv. feci. 6. 

acetite of, 784. 
benzoat of, 821. 
borat of, 749. 
camphorat of, 829. 

carbon at of, 775. 

citrat of, 8 14. 
fluat of, 765. 
ladat of, 817. 
muriat of, 705. 

nitrat of, 676. 

oxalat of, 805. 

phofphat of, 735* 

faccholat of, 818. 

Aluminay febat of, n° 847. 
foap of, 594. 
fuberat of, 836. 

fulphat of, 627. 
fulphite of, 665. 
tartrite of, 811. 

Amalgamy what, 93. 
Amhery 502. 
Ammonia, Part II. ch. iv. fed. 3. 

acetite of, 779. 
aurat of, 849. 

benzoat of, 820. 
borat of, 725. 
camphorat of, 825. 

carbonat of, 7 70. 

citrat of, 813. 
cuprat of, 852. 
fluat of, 76 J. 
ladat of, 817.' 
malat of, 816. 
mdcuriat of, 851. 
muriat of, 697. 
nitrat of, 670. 
oxalat of, 804. 
phofphat of, 730. 
prufliat of, 837. 
faccholat of, 818. 
febat of, 846. 

foap of, 591. 
fuberat of, 832. 
fulphat of, 627. 
fulphite of, 661. 

tartrite of, 8 1 o. 
zincat of, 855. 

Animal acids, 549. 
Antimonyy Parti, ch.iii. fed. 10. 

acetite of, 794. 

benzoat of, 822. 
muriat of, 7 16. 
nitrat of, 687. 
oxalat of, 806. 
febat of, 848. 
fulphat of, 650. 
tartrite of, 812. 

Antiphlogijlic theory, p. 277. 
note. 

Ants, acid of, Part LI. ch. v. 
fed. 29. 

Apulumy.n° 240. 
Aqua-fortisy 407.. 

Aqua-regia, p. 224, note.. 
Arcanum duplicatum, n° 624. 

tartari,, 777. 

Arfeniatsy* 552, and Part III. 

ch. ii. fed. 26. 
Arfenky Part I. ch. iii. fed. 12.. 

acid, 550. 
acetite of, 795. 

benzoat of, 822,. 

Arfenky borat of, n° 738. 
fluat of, 767. 
muriat of, 717. 

nitrat of, 688. 

oxalat of, 806. 
phofphat of, 740. 

febat of, 848. 
fulphat of, 651. 
tartrite of, 812^ 

Atmofpheric air, compolition'of, 

53* 
Aurum mufivum, 120. 

Aujlrum, 240. 
Azot, Part I. ch. ii. fed. 5. 

how combined with oxy¬ 

gen, 421. 

B 

Balfam of fulphur, 370. 
Balm of Peru, foap of, 609. 
Barytes, Part I. ch. iv. fed. 3. 

acetite of, 780. 

borat of, 725. 
camphorat of, 826. 
carbonat, 771. 

citrat of, 814. 

fluat of, 762. 
ladat of, 817. 
malat of, 816. 
muriat of, 699. 

nitrat of, 671. 
oxalat of, 805. 
oxymuriat of, 724. 
phofphat of, 73 1. 

prufliat of, 838. 
faccholat of, 818.. 

foap of, 595. 
fuberat of, 834. 
fulphat of, 628. 
fulphite of, 661. 

B ary tic, water, 2 09. 
Beer, when fir ft known, 340. 

Bell metal, 122. 
Benzoats, 501, and Part III. 

ch. ii. fed. 19. 
Benzoic acid, Part II. ch. v. 

fed. 20. 
Benzoin, 499. 

foap of, 608. 
Bergman, charader of, 114. 
Bifmuth, Part I. ch. iii. fed. I x* 

acetite of, 793. 
benzoat of, 822. 
borat of, 757. 
muriat of, 715. 

nitrat of, 686. 
oxalat of, 806. 
fulphat of, 649. 

tartrite of, 812* 

Black, Dr, difcovers latent heat, 
268. 

difcovers the compo- 

fition of the carbo- 

nats, 200, 373. 
Black bodies fooneft heated by 

light. 325- 
lead, 109. 

Blende, p. 247, note. 
Blue, liquid, n° 513. 
Boiling point of water, experi¬ 

ments on, 337, 338. 
Bologna ftone, 629. 

Bombyc acid, 546. 
Boracic acid, Part II. ch. v. 

fed. 8. 
Boratsy 447, and Part II. ch. ii. 

fed. 8. 
Borax, 441, 744. 
Barhonium, 240. 

Brafs, 140. 
Brittlenefs, to what owing, 303,- 

Bronze, 122. 
Brunfwick green, 812.. 

C 

Cadmea, 134. 

Careous acid, 457- 
Calchanium, 641. 
Calcinationf 6 1. 
Calomel, 718, 725. 
Caloric, Part I. ch. v. 

whether a fubftance,. 

241, 312- 
equilibrium of, 246. 
of fluidity, 269. 
of evaporation, 270. 

methods of obtaining, 

292. 
whether the fame with 

light, 328. 
Calorimeter, 265. 

Calx, 61. 
Camphor, 506* 
Camphorats, 510, and Part III*, 

ch. ii. fed. 2r. 

Camphoric acid, Part. II. ch. v. 
fed. 22. 

Canton's pyrophorus,, 320. 

Capacity for caloric explained, 
262. 

Carbon, Part I. ch. ii. fed. 3. 

attempts to decompofe, 

44. 

Carbonats, 462, and Part III. 
ch. ii. fed. 10. 

Carbonated hydrogen gas, 42, 

and Part III. ch. iii. 

Carbonated azotic gas, 50. 
Carbonic 

» 
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Carbonic acid, 32, and Part II. 

ch. v. fed. 10. 
Carbunets, n° 35. 

Carbunct of iron, 109. 

manganefe, 175. 

zinc, 139. 
Cavallo's experiments on light, 

345-. 
Cavendi/h, Henry, difeovers the 

cornpofition of wa- 
ter, 341. ^ 

and of nitric acid, 
409. 

Cauflicum acidum, 374. 
Cementation, J 13. 

Chalybeated tartar, 812. 
Charcoal, conducing power of, 

252. 
Chemiflry, definition of, 1. 

Chronic acid, Part II. ch. v. 
fed. 35. 

Chromum, 189. 
Cinnabar, 91. 

CilratSy 478, and Part III. ch. 
ii. fed. 14. 

Citric acid, 476. 

Cobalt, Part I. ch. iii. fed. 13. 
acetite of, 790. 

benzoat of, 822. 
borat of, 752. 
fluat of, 767. 
inuriat of, 710. 
nitrat of, 680. 

oxalat of, 806. 
foap of, 598. 
fulphat of, 646. 

Cohefion, 570. 
Cold, method of producing, 280. 

why produced by mix¬ 
tures, 282, 

Colo'ur effeds the heating of 
bodies by light, 335. 

Colouring matter of PrufTian 
blue, 533. 

Combujlion explained, 293. 

Common falts, 696. 
Compound affinity, 583. 

Compound bodies, Part II. 

Condenfation diminifhes fpecific 
caloric, 303. 

Conducing powers of bodies, 

251, 286. 
ContaB, no abfolute, 568. 
Copper^ Part I. ch. iii. fed. 5. 

acetite of, 792. 
benzoat of, 822. 
borat of, 756. 
citrat of, 815. 
fluat of, 767. 
inuriat of, 714. 
nitrat of, 685. 
oxalat of, 806. 
febat of, 848. 
foap of, 602. 

fulphat of, 684. 

CHEMISTRY. 
Corky n° 511. 

Corroftve muriat of mercury, 

7?5- 
fublimate, 725. 

Corundum, 236. 

Crawford, Dr, his experiments 

011 fpecific caloric, 
264. 

his theory of com- 

buftion, 297. 
Cryjlal, rock, 216. 

Cryjlalligation, Part III. ch. iv. 
Cryjlals, what, 18, 864. 

Cuprum, when firfl ufed, page 
239, note. 

D 
Decrepitation explained, p. 359. 

notes. 

De Luc's theory of light, 332. 
Denfity, increafed by hammer¬ 

ing- 
of different mixtures of 

acidsandwater, 307. 

. 4ll> 424- 
Dephlogijlicated air, 6. 

muriatic acid, 
428. 

Detonation of nitre, 667. 
Diamondy 38. 

Digeflive fait of Sylvius, 777. 
Difpqftng affinity, 584. 
Diuretic fait, 777. 
Du utility, 60. 

Earths, Part I. ch. iv. 

properties of, 192. 

combinations with each 
other, 205, 217. 
225. 

remarks on, 240. 

Effervefcence, what, page 214, 
note. 

Efflorefcing explained, n° 626, 
and note. 

Eggs hatched by efedricity, 

3J3* 
EleBrive attradion, what, T3. 
EleBricity, analogy between and 

caloric, 246. 
whether an agent in 

producing heat by 

fridion, 314. 
Emetic tartar, 812. 
Empyreal air, 6. 
Epfotn fait, 633. 

Equilibrium of caloric, 246. 
Ether, 355. 

Ethiops mineral, 90. 
Eudiometer, 420. 
Euler's theory of light, 315. 

Expanfon of bodies, table of, 
242. 

ExtraB of Saturn, 790. 

F 
Fat, acid of, 543. 

Feathers, why a warm cover¬ 
ing, n° 260. 

Febrifuge fait of Sylvius, 695. 
Fire damp, 36. 

Fixed air, 200, 457. 

ammonia, 701. 
oil, 361. 

Fluatsy 455. and Part III. ch. 
ii. fed. 9. 

Fluidsy whether condudors of 
caloric, 256. 

proved that they are, 25 9. 
Fluory 449/ 

Fluoric acid, Part II. ch. v. 
fed. 9. 

Formic acid, 529. 
Formica ruf3, 539. 

Franklin's experiments on the 
heating of bodies by light, 

FriBion, caloric produced by, 

3°7> 3 IO* 
Fulminating gold, 849. 

filver, 850. 
Furs, in what their warmth con- 

fifls, 260. 
Fuftble fpar, 449. 

Fufton, 867. 

Gallats, 498, and Part III. ch. 
ii. fed. 18. 

Gallic acid, Part II. ch. v. fed. 
19. 

Galls, 493. 
Gas explained, 5, 457. 

Gafeous form of bodies, to what 
owing, 279. 

Gafes, not heated red hot, 327*. 
Glafi, 377. 

condudingpowerof,253. 
of antimony, 145. 

Glauber's fait, 626. 
Glucitia, 236, 237. 
Gold, Part I. ch. iii. fed. 1. 

aded on by nitric acid, 

41.3* . 
fulminating, 848. 

* acetite of, 798. 

benzoat of, 822. 
febat of, 848. 
foap of, 605. 

ftannat of, 853. 
Guaic, foap of, 610. 
Gunpowder, 667. 
Gypfum, 630. 
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Hartfhom, 382. 

Hauy* s theory of cry Utilization, 
872. 

Heat, Part I. ch. v. 

makes bodies luminous, 

326. 
Hepatic gas, 40. 

Hot bodies lighter than cold, 
248. 
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Hutton's theory of light, 333. 
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iii. 
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Jargon, 243. 

Jargonia, Part I. ch. iv. feft. 7, 

& page 363, note, 
acetite of, nQ 785. 

muriat of, 706. 
nitrat of, 677. 

fulphat of, 640. 

7"> 335- . 
Inflammable air, page 217. 

Iron, Part I. ch. iii. fed. 6* 
call, 113. 

cold ffiort, 108. 
wrought, iii. 
acetite of, 786. 
benzoat of, 822. 
borat of, 750. 
carbonat of, 776. 
citrat of, 815. 

* fluat of, 767. 

green fulphat of, 641» 
ladat of, 817. 
malat of, 816. 
muriat of, 707. 
nitrat of, 678. 
oxalat of, 806. 

phofphat of, 736. 
pruffiat of, 839. 

red fulphat of, 642. 
febat of, 848. 
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fulphite of, 666. 
tartrite of, 812. 

Irvine, Dr, his theory of heat* 
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Kirwan's theory of phlogifton, 

299. 

experiments on the 
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Lac, white 517. 

Laccic acid, Part II. ch. v. fed* 
24. 

Labials, 486, and Part III. ch, 
ii. fed. 16. 

acid, Part ILch.v.fed.i 7, 
Lana philofophica, page, 238. 

note. 

Latent caloric, n° 269. 

Lavoifier and La Place, experi¬ 

ments 
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ments of on fpecific caloric, 
n° 265. 

•Lead, Part I. ch. iii. fed. 8. 
acetite of, 782. 
benzoat of, 822. 
borat of, 754. 
fluat of, 767. 
muriat of, 712. 
nitrat of, 683. 
oxalat of, 806. 
febat of, 848. 
foap of, 603. 
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borat of, 746. 

camphorat of, 827. 
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fluat of, 763. 
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. nitrat of, 672. 
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prufliat of, 838. 

faccholat of, 818. 
febat of, 847. 
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fuberat of, 834. 
fulphat of, 630. 
fulphite of, 663. 
tartrite of, 811. 

Lime-water, 195. 

Liquid blue, 513. 
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acetite of, 783. 
benzoat of, 821. 
borat of, 748. 
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Marcafite of gold, 134. 
Marks given to metals by the 

ancients, '130. 
Marine acid, 422. 
Majficot, t 25. 
Menachanite, 186. 

Mephetic acid, 457. 
Mercury, Part I. ch. iii. fed. 4. 

a noncondudor of ca¬ 
loric, 259. 
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Molybdena, 180. 

Molybdenum, Part I. ch. iii. fed. 
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note. 
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muriat of, 711. 
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oxalat of, 806. 
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foap of, 599. 

fulphat of, 645. 
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Oils, Part II. ch. iii. 
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295. 
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Oxide and oxydation, 68. 
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molybdenum, 181. 
nickel, 167. 
platinum, 81. 

filver, 74. 

tellurium, 188. 
tin, 119. 

titanium, 185. 
tungllen, 179. 

uranium, 1S3. 

zinc, 136. 
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Oxygen, Part I. ch. i. 

gas contains light, 322. 
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278. 
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ch. ii. fed. 6. 

Oxy muriatic acid, Part II. ch. 
v. fed. 6. 
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Panacea holfatica, 624. 
Peda, page 332, note. 
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why, n° ^02. 

Perlated fait, 729. 
acid, 729. 

Pewter, 140, 152. 

Phlogijlon explained, 295, 20. 
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ved, 301. 

Phlogijlic theory, page 277, 
note. 

Phlogijliccted air, n° 52. 

Phofphais 438, and Part III. 
ch. ii. fed. 7. 

Phofphorated hydrogen gas, 41. 
azotic gas, 50. 

Phofphoric acid, 28, and Part 
II. ch. v. fed. 7. 

Phofphorous acid, 440. 
Phofphorus, Part I. ch. ii. fed. 
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dient of fteel, 115, 
Phofphuret of antimony, 145. 

arfenic, 156. 
bifmuth, 151. 

cobalt, 162. 
copper, 100. 
gold, 72. 
iron, 108. 
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mercury, 92. 

molybdenum, 

181. 

nickel, 169. 
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potafs, 375. 
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Phofphuret 
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Phofphuret of tungften, no 179. 

zinc, 138. 
Pitteds experiments on light and 

caloric, 325, and p. 

284, note* 

Pinchbeck, 140. 
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Plqfler of Paris, 63 f - 
Platinum, Part I. ch. iii. fed. 3. 

benzoat of, 822. 

oxalat of, 8c6. 

febat of, 848. 

Plumbago, 109. 
Pneumatic apparatus, 7. 
Pompholyx, page 240, note. 
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acetite of, 777. 
acidulous oxalat of, 802. 
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borat of, 743. 
camphorat of, 823. 

carbonat of, 768. 

citrat of, 813. 

fluat of, 759. 
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malat of, 816. 
muriat of, 695. 

nitrat of, 667. 
oxalat of, 801. 
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Prince’s metal, 140. 
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alkali, 532, 841. 
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Prujfic acid, Part II. ch. v. fed. 
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affinities of, 840. 

Pyrolignites, 524. 
Pyrolivnous acid, Part II. ch. v. 

fed. 26. 
Pyromucites, 522. 
Pyromucous acid, Part II. ch. v. 

fed. 25. 
Pyrophori, 32F. 
Pyrophorus of Homberg, 639. 
PyrotUrtrites, 528. 
Pyrotartarous acid, Part IL ch. 

v. fed. 27. 
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Quickfihcr, Part I. ch. iii. fed. 
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Rancidity, n° 364. 
Realgar, 155. 
Red heat explained, 326. 

lead ore of Siberia, page 

299, note, 
precipitate, n° 88. 

Reduction explained, page 232, 

note. 
Regenerated tartar, n° 777. 

Rejiduum, what, 19. 
explained, p. 299, note, 

cr^ftal, 216. 

Rujl of iron, 105. 
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Saccharine acid, 467. 
Saccholats, 492, and Part III. 

ch. ii. fed. 17. 

Sal ammoniac, 697. 
catharticus amarus, 633. 

de duobus, 624. 

gem, 696. 
mirabile, 626. 

perlatum, 629. 
polycrefl Glaferi, 624. 

Salt of Saturn, 790. 

Salts, 622. 
neutral, 623. 

Saturation explained, 571. 
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Scheele, account of, 331, and 

note in page 286. 
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ii. fed. 25. 
Secret foliated earth of tartar, 

777-1 • * 
fal ammoniac, 027. 

Selenite, 630. 

Semimetals, 69* 
Seydler fait, 633. 
Side rum, 108. 

Sidneia, 239. 
Silica, Part I. ch. iv. fed. 5. 

Scheele’s theory of the 
formation of, 450. 

fluat of, 766. 
Silk, why a warm covering, 

260. 
Silkworm contains an acid, 

546* 
Silver, Part I. ch. iii. fed. 2. 

fulminating, 850. 

acetite of, 797. 
benzoat of, 822. 
muriat of, 720. 

^ nitrat of, 691. 
oxalat of, 806. 
foap of, 604. 
fulphat of, 655. 

Simple affinity, 582. 
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Snow of antimony, 144. 
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origin of the term, 586. 
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hard, 586. 
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Soaps, Part III. ch. i. 
Soda, Part'll, ch. iv. fed. 2. 
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fed. 23. 

Succinats, n° 50 
Succinic acid, Part II. ch. 5. 

fed. 21. 
Sugar, 465. 

acid of, 466. 
of bifmuth, 793. 

of lead, 790. 

of milk, 488. 

acetite of, 778. of Saturn, 790. 

benzoat of, 820. Sulphats, 399. and Part III. 

borat of, 744. ch. ii. fed. 1. 

camphorat of, 824. Sulphites, 405. and Part III. 

carbonat of, 769. ch. ii. fed. 2. 

citrat of, 813. Sulphur, Part I. ch. ii. fed. 1. 

fluat of, 760. Sulphurated hydrogen gas, 40, 

ladat of, 817. 85 7- . . 
malat of, 816. Sulphuret of ammonia, 386. 

muriat of, 696. antimony, 145. 

nitrat of, 669. arfenic, 155. 

oxalat of, 803. barytes, 210. 

oxy-muriat of, 723. bifmuth, 150. 

phofphat of, 729. cobalt, 161. 

pruffiat of, 837. copper, 99. 

faccholat of, 818* iron, 107. 

febat of, 848. lead, 126. 

fuberat of, 831. lime, 196. 

fulphat of, 626. magnefia, 204. 

fulphite of, 660. mercury, 90, 9T* 

le tartar, 808. 859- 
Solution, 865. 
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291. 
Sory, 641. 
Sparks produced by the colli¬ 

sion of quartz, 305. 
Specific caloric, what, 262, 290. 

table of, 267. 
Specificum purgans, 624. 
Spelter, 134. 
Spirit of Mindererus, 779. 

nitre, 407. 
fait, 422. 

Stahl’s theory of combuftion, 

295- 
Steam, 336. 

a noncondudor of calo¬ 

ric, 261. 

Steel, 112. 
Stibium of the ancients, what, 

142. 
iSVflflf’.fjConduding power 0^255. 

Strength of acids, 397, 411. 
Strontites, Part I. ch. iv. fed. 4. 

acetite of, 782. 
carbonat of, 773. 
muriat of, 702. 

nitrat of, 673. 
oxalat of, 805. 
phofphat of, 733. 
fulphat of, 633. 
tartrite of, 811. 

Suberats, 514. and Part III. 

ch. ii. fed. 22. 

molybdenum, 181, 
nickel, 168. 
potafs, 375. 
filver, 75. 

tellurium, 188. 
tin, 120. 
tungften, 179. 

uranium, 183. 
zinc, 137. 

Sulphuretsy remarks on, 858. 
Sulphuric acid, Part II. ch. v. 

fed. 1. 

Sulphurous acid, Part II. ch. v. 
fed. 2. 

Sy/vanite, page 247, note. 
Syrupous acid, page 333, note. 
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Tanning principle, page 327, n*~ 
Tartar, 472, 807. 

emetic, 812. 
Tartarized tindure of Mars, 

812. 
iron, 812. 

Tartarous acid, P^rt II. ch. v* 

fed. 14. 
Tartrites, 474. and Part HI. 

ch. ii. fed. 1 3. 
Tellurium, Part I. ch. iii. fed. 
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fulphat of, 658. 

Temperature explained, 290. 
Tennant, Smithfon, decompofe^ 

carbonic acid, 459. 

Tenfion of caloric explained, 247. 
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'Terra pendcrofa, 207* 
Thermometer, 244. 

how a meafure of 
temperature, 

248. 
(lands higher when 

its bulb is black¬ 
ened, 325. 

finks in an ex- 
haufted receiver, 

241. 
Wedgewood*s, 

224. 
77«, Part I. ch. iii. fed. 7. 

acetite of, 791. 
benzoat of, 822. 
borat of, 7 c5. 

fluat of, 707. 
muriat of, 713. 
nitrat of, 684. 
oxalat of, 8c6. 
oxy-muriat of, 726. 
febat of, 848. 
foap of, 600. 
fulphat of, 647. 

Tinfoil* 118. 
Tinplate, n° 128. 

TincaU 441* 
Titanium, Part I. ch. iii. fed. 
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muriat of, 721. 
fulphat of, 657. 

Tombac, white, 157. 
Tungstats, 554. 
Tungsten, Part I. ch. iii. fed. 16. 
Tungstic acid, 553. 
Turbith mineral, 653. 
Turpentine, foap. of, 607. 
Types, printers, compofition of, 

147. 
U 

Vegetable acids, 526. 
Venus, cryftals of, 792. 
Verdigrife, 792. 
Vermilion, 91. 

Vinegar, Part II. ch, v. fed. 
II. 

of Saturn, 790. 
Vital air, 6. 
Vitriol, blue, 648. 

green, 641. 
white, 643. 

Vitriol of potafs, p. 359, note, 
mother water of, 642. 

Vitriolated ammonia, 627. 
tartar, 624. 

Vitriolic acid, 391. 

Volatile and volatilization, what, 

17 \ 
Volcliile alkali, 382. 

oils, 369. 
Uranium, Part I. ch. iii. fed. 

18. 
acetite of, 799. 
phofphat of, 741. 

fulphat of, 655. 
W 

Water, 38, Part II. ch. i. 

weight of, 334. 
hiftory of its decompo- 

fition, 341. 
proofs of its decompo- 

fition, 342. 
a noncondudor of heat, 

2 56. 
of nitre, 407. 

Watery fufion explained, 626, 
and note. 

Wedgenvood, Thomas, his expe¬ 

riments 011 light, 325,326, 
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Wedgewood\ thermometer, 224* 

Wilckles9s experiments on fpeci- 
fic caloric, 263. 

Wine, efTential fait of, 777. 

Wood, condudiug power 0^252. 
Y 

Tttria, 238. 
Z 

real attempt to difcover* 

271. 
Zmr, Part I. ch. iii. fed. 9. 

acetite of* 787. 
benZoat of, 822. 
borat of, 750. 
carbonat of, 776. 

fluat of, 767. 

ladatof, 817. 
malat of, 816. 

muriat of, 708. 
nitrat of, 679. 
oxalat of, 806. 
phofphat of, 737. 
foap of, 597. ' 

fulphat of, 6*43. 
tart rite of, 812. 

Zirconia, page 363, note*, 
Zoonic acid, 547. 

CHE 
Cherubim. CHERUBIM were emblematical figures ; of which 
Vv-an account, a very vague one indeed, has been given in 

the Encyclopedia Britannic a. We are far from think¬ 
ing ourfelves qualified to improve that account* or to 
explain emblems in the Jewifh worfhip, which even Jo- 
fephus did not underfland f and we certainly (hould not 
have refumed the fubjed but to gratify a numerous 
clafs of our readers, and to comply with the requeft of 
fome highly refpeded friends. 

The followers of Mr Hutchinfon, who are firmly per- 
fuaded that their mailer brought to light from the 
writings of the Old Teflament many important doc¬ 
trines which had lain concealed from all the piety, all 
the induilry, and all the learning of 1700 years, be¬ 
lieve that, among other things, he and they have been 
able to afcertain the form and the import of the He¬ 
brew Cherubim. Their difcoveries on this fubjed, as 
we have been told by better judges than we pretend to 
be, are more clearly dated by Mr Parkhuril in his He¬ 
brew Lexicon, than by any other Writer of that fchool. 
We (hall therefore lay before our readers his dodrine 
refpeding the form of the artificial cherubs, as well as 
*nf their emblematical meaning £ and fubjoin a few re¬ 
marks, which the nature of his reafoning has forced 
from us. 

“ Firfl, then, as to the form of the artificial cherubs1 
in the tabernacle and temple, Mofes (fays our author) 

was commanded (Exod. xxv. 18, 19.) « Thou (halt 
make two cherubs ; of beaten gold (halt thou make 

them at the two ends of the mercy-feat. And thou 

CHE 
(halt make one cherub at the one end, and the other Cherubim, 
cherub at the other end : msan jo, out of the mercy- v '""v ' a 
feat (Margin Eng. Trafiat. of the matter of the mer¬ 

cy-feat) (hall ye make the cherubs at the two ends 
thereof.* All which was accordingly performed (Exod. 
xxxvii, 7, 8.), and thefe cherubs were with the ark pla¬ 
ced in the holy of holies of the tabernacle (Exod. xxvi. 

331 34* xj* 20.) ; as thofe made by Solomon w’ere af¬ 
terwards in the holy of holies of the temple (1 Kings 
vii. 23, 27.) 

We may obferve that in Exodus Jehovah fpeaks to 
Mofes of the cherubs as of figures well known j and no 
wonder fince they had always been among believers in 
the holy tabernacle from the beginning. (See Gen. iii. 
24. Wifd. ix. 8. And though mention is made of their 
faces (Exod. xxv. 20. 2 Chron. iii. 13.), and of then- 
wings, (Exod. xxv. 20. 1 Kings viii. 7. 2 Chron. iii. 

I2*)> Yet neither in Exodus, Kings, nor Chro¬ 
nicles, have we any particular defcription of their form. 
This is however very exa&ly, and, as it were, anxioufiy 
fupplied by the prophet Ezekiel, ch. i. 5. • Out of the 
midft thereof ( i. e. of the fire infolding itfelf, ver. 4.) 

r'^"T the likenefs of four livings creatures or animals • 
mrf? d-tk nun the likenefs of a man (being) with them.* 

This lad Hebrew exprefiion cannot mean that they, 

f the four animals, had the likenefs of a man, which 
interpretation would indeed make the prophet con- 

tradid himfelf (comp. ver. 10.); but it imports that 
the likenefs of a man in glory, called (verfe 26 ) 

ch* mn the likenefs as the appearance of a mail* 

3 E 2 and 
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Cherubim, and particularly defcribed in that and the following 

' verfes, was with them. Ver. 6. * And there were four 
faces to one (mn or fimilitude), and four wings to one, 

onb to them. So there were at lead two compound fi¬ 
gures. Ver. 10. 4 And the likenefs of their faces; the 
face of a man, and the face of a lion, on the right lide, 
to them four ; and the face of an ox to them four ; and 
the face of an eagle to them four.’ Ezekiel knew (ch. 

x. 1,_?o.) that thefe were cherubs. Ver. 21. 4 Four 
faces to one (cherub) and four wings to one.’ 

This text alfo proves that the prophet faw more cherubs 
than one, and that each had four faces and four wings. 
And we may be certain that the cherubs placed in the 

holy of holies were of the form here defcribed by the 
prieft and prophet of Ezekiel, becaufe we have already 
ieen from Exodus, I kings, and 2 Chronicles, that 
they likewife had faces and wings, and becaufe Ezekiel 
knew what he faw to be cherubs, and becaufe there 
were no four-faced cherubs any where elfe but in the 

holy of holies ; for it is plain from a comparifon of 
Exod. xxvi. 1,31. 1 Kings vi. 29, 32. and 2 Chron. 
sii. 14. with Ezekiel xli. iS, 19, 20. that the artificial 
cherubs on the curtains and vail of the tabernacle, and 
on the walls, doors, and vail of the temple, had only 

two faces ; namely, thofe of a lion and of a man. 
“ For it muft be obferved further, that, as the word 

2VO is ufed for one compound figure with four faces, 
and OOTft in the plural for feveral fuch compounds (fee 

Exod. xxv. 18, 19. xxxvii. 8. I Kings vi. 23 —26 ), 
fo is nro applied to one of the cherubic animals, as to 

the ox, Ezek. x. 14. ; (compare ch. 1. 10.) to the 
coupled cherub, or lion-man, Ezek. xli. 18.; and 
to feveral of the cherubic animals, as to feveral oxen, 1 
Kings vii. 36. (compare ver. 29.) to feveral coupled 

cherubs, Exod. xxvi. l. I Kings vi. 32, 35 & al. I 

proceed to fhew. 
“ Secondly, of what the cherubs were emblems* and 

with what propriety. 
«< That the cherubic figures were emblems or vepre- 

fentativcs of fomething beyond themfelves is, I think, 

agreed by all, both Jews and Chriftians. 13ut the quef- 
tion is, Of what they were emblematical? To which I 
anfwer in a word, Thofe in the holy of holies were em¬ 
blematical of the ever-blefied Trinity in covenant to re¬ 
deem man, by uniting the human nature to the Second 

Perfon; which union was fignified by the union of the 

faces of the lion and of the man in the cherubic exhi¬ 

bition, Ezek. i. 10. compare Ezek. xli. 18, 19. 1 he 
cherubs in the holy of holies were certainly intended to 

reprefent fome beings in heaven, becaufe St Paul has 

exprefsly and infallibly determined that the holy of ho¬ 
lies was a figure or type of heaven, even of that heaven 
where is the peculiar refidence of God (Heb. ix. 24.). 
And therefore thefe cherubs reprefented either the ever 

bleffed Trinity with the man taken into the effence, or 

created fpiritual angels. The following reafons will, I 
hope, clearly prove them to be emblematical of the 

former, not of the latter : # . 
<< \Jl, Not of angels; becaufe (not now to infill on 

other eircumftances in the cherubic form) no tolerable 
reafon can be affigned why angels fhould be exhibited 

with four faces apiece. 
“ 2dly, Becaufe the cherubs in the holy of holies of 

the tabernacle were, by Jehovah’s order, ‘ made out of 
the matter of the mercy-feat, or beaten out of the fame 

piece of gold as that was’ (Exod. xxv. 18, 19. xxxvii. Cl eruhiW 
9.). Now the mercy-feat, made of gold and crowned, ' * J 
was an emblem of the Divinity of Chrifi (See Rom. iii. 
25. The cherubs therefore reprefented not the ange¬ 

lic, but the Divine nature. 
“ 3dly. The typical blood of Chrifl was fprinkled 

before them on the great day of atonement (compare 
Exod. xxxvii. 9. Lev. xvi. 14. Heb. ix. 7, 12.) : And 
this cannot in any fenfe be referred to created angels, 
but muft be referred to Jehovah only ; becaufe, 

“ 4thly> TK* high prieft’s entering into the holy of 
holies on that day, reprefented Chrift’s entering with 
his own blood into heaven * to appear in the prefence 

of God for us’ (Heb. ix. 7, 24.) And, 
$thly, When God 6 raifed Chrift (the humanity) 

from the dead, he fet him at his own light hand in the 

heavenly places, far above, 'rriEPANn, all principality 
and power, and might and dominion, and every name 
that is named, not only in this world, but alfo in that 
which is to come (Eph. i. 21.). Angels and autho¬ 
rities and powers being made fubjeft unto him’ (1 Peter 

iii. 22.) 
“ 6thly, The prophet Ezekiel faith (ch. x. 20.), 

< This is the living creature, n*nn (which muft mean 
one compound figure, comp. ver. 14.) that I faw’ 
inftead of, a fubftitute of ‘ the Aleim of Ifrael. nnn, 
it is granted, may refer either to fituation or fubftitu- 
tion, (fee Gen. xxx. 2. 1. 19.) as the Tenfe requires. 
Here, notwithftanding what is faid ver. 19. the latter 

fenfe is preferable ; becaufe it was the glory of the God 
of Ifrael, /. e. the God-man in glory, (compare cli. i. 
26. ) not the Aleim (the Trinity) of Ifrael that were 
over the cherubim; and the text fays not, thefe were 
the living creatures, bat, this was the living creature, 
which I faw bKW 'nbN nnry Now the glory was over 

both the cherubims, ver. 19. but one compound cherub 

only was a fubftitute of the Aleim. 
44 If it {hould be here afked, Why then were there 

two compound cherubs in the holy of holies ? I anfwer. 
Had there not in this place been two compound che¬ 
rubs, it would have been naturally impoflible for them 
to reprefent what was there defigned ; for other wife, 
all the faces could not have looked inwards toward each, 
other, and down upon the mercy-feat, and on the inter¬ 

ceding high prieft fprinkling the typical blood of Chrifl,. 
(fee Exod. xxxvii. 9.) and at the fame time have look¬ 
ed outward toward the temple, nab (Vulg. ad domum 
exteriorum, to the outer-houfe,) 2 Chron. iii. 13* Or, 
in other words, the Divine PerfonS could not have been 
reprefented as witnefiing to each other’s voluntary en¬ 
gagements for man’s redemption, as beholding the fa- 

crifice of Chrift’s death, typified in the Jewifh church, 
and at the fame time as extending their gracious re¬ 

gards to the whole world. (See Ifa. liv. 5. and Spear¬ 

man’s-Inquiry, p. 382. edit. Edinburgh. 
“ The coupled cherub, or lion-man, on the vail and 

curtains of the outer tabernacle, and on the vail, doors, 
and walls of the temple, accompanied wfith the emble¬ 
matic palm-tree, is fuch a ftriking emblem of the lion of 
the tribe of Judah (Rev. v. 5.) united to the man 
Chrift Jefus, as is eafy to be perceived, but hard to be 
evaded. Thefe coupled cherubs appropriate the taber¬ 

nacle or temple, and their vails, as emblems of Chrift, 
and exprefs in vifible fymbols what he and his apoftles 

do in words. See John ii. 19, 21. Heb* viii. 2* ix. 11. 
x* 20. 
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Cherubim. x. 20. comp. Matt, xxvii. 5 r. And as the texts juft 

<■—~v—' cited from the New Teftament afford us divine anthori- 
ty for afferting that the outer tabernacle or temple was 
a* type of the body of Chriit, fo they furnifh us with 
an irrefragable argument to prove that the cherubs on 
their curtains or walls could not reprefent angels. For 
did angels dwell in ChrifPs body ? No, furely : But 
« in him dwelt all the fulnefs of the Godhead bodily/ 
(Col. ii. 9.) 

“ I go 011 to confider the propriety of the animals in 
the cherubic exhibition reprefenting the Three Perfons 
in the ever-bleffed Trinity. And here to obviate any 
undue prejudice which may have been conceived againft 
the Divine Perfons being lymbolically reprefented under 
any animal forms whatever, let it be remarked that Je¬ 
hovah appeared as three men to Abraham (Gen. xviii.); 
that the ferpent of brafs fet up by God’s command in 
the wildernefs was a type or emblem of Chrift, God- 
man, lifted up on the crofs (comp. Num. xxxi. 1—9. 
with John iii. 14, 15.)) at Jcfus’s baptifrn the Ho¬ 
ly Spirit defcended in a bodily fhape, like a dove, upon 
him (Luke iii. 2i, 22.); that Chrill, as above intima¬ 
ted, is exprefsly called the lion of the tribe of Judah 
(Rev. v. 5.) ; and continually in that fymbolical book 
fet before us under the fimilitude of a lamb. All thefe 
are plain fcriptural reprefentations, each of them admi-, 
rably fuited, as the attentive reader will eafily obferve, 
to the particular circumftances or fpecific defign of the 
exhibition. Why then fhould it appear a thing incre¬ 
dible, yea why not highly probable, that Jehovah Aleim 
fhould, under the typical ftate, order his own Perfons 
and the union of the manhood with the effence to be 
reprefented by animal forms in the cherubim of glory ? 
Efpecially if it be confidered that the three animal 
forms, exclufive of the man (who fiood for the very 
human nature itfelf) are the chief of their refpeCtive 
genera : the ox or bull of the tame or graminivorous; 
the lion, of the wild or carnivorous ; and the eagle, of 
the winged kind.—But this is by no means all : For 
as the great agents in nature, which carry on all its 
operations, certainly are the fluid of the heavens, or, in 
other words, the fire at the orb of the fun, the light if- 
fuing from it, and the fpirit or grofs air conftantly fup- 
porting, and concurring to the aClions and effe&s of the 
other two ; fo we are told (Pfal. xix. 1.) that w'sun 

tod ansD» the heavens (are) the means of declaring, 
recounting, or particularly exhibiting the glory of God, 
even his eternal power and godhead, as St Paul fpeaks, 
Rom. i. 20. And accordingly Jehovah himfelf is fome- 
times, though rarely (1 prefume for fear of miftakes) 
called by the very name taw or kvsv heavens in the Old 
Teftament, fee 2 Chron. xxxii. 20. (comp. 2 Kings 
xix. 14. I la. xxxvii. 15.) Dan. iv. 23. or 26.; as he is 
more frequently expreffed by ovf«v^ heaven in the New. 
(See Mat. xxi. 25. Mark xi. 30. 31. Luke xv. 18, 21. 
xx. 4, 5. John iii. 27.) Yea net only fo, but we find 
in the Scriptures both of the Old and New Teftament,, 
that the- Perfons of the eternal Three and their econo¬ 
mical operations in the fpiritual, are reprefented by the 
three conditions of the celeftial fluid and their opera¬ 
tions in the material world. Thus the peculiar emblem 
of the Word or Second Perfon is the ttw or light, and 
he is and does that to the fouls or fpirits of men which 
the material or natural light is and does to their bo¬ 
dies. (See inter al. 2 Sam. xxiii. 4. Ifa, xlix. 6. lx. 1. 
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Mai. iv. 2. or iii. 2c. Luk i. 78. ii. 32. John i. 4—9. Cherubim, 
viii. 12. xii. 33, 36, 46.) The 'Third Perfon has no v 
other diftindlive name in feripture but rrn in Hebrew, 
and Tivtvux in Greek (both which words in their pri¬ 
mary fenfe denote the material fpirit or air in motion), 
to which appellation the epithet anp> ay*' holy, or one 
of the names of God, is ufually added : and the aCtions 
of the Holy Spirit in the fpiritual fyftem are deferibed 
by tliofe of the air in the natural (See John iii. 8. xx. 
22. Adis ii. 2.) Thus, then, the fecond and Third Per¬ 
fons of the ever-bleffed Trinity are plainly reprefented 
in‘feripture by the material light and air. But it is 
further written, Jehovah thy Aleim is a confuming 
fire. Deut. iv, 24. (Comp. Deut. ix. 23. Heb. xii. 
29. Pfal. xxi. ic. lxxviii. 21. Nah. i. 2.) And by fire, 
derived either immediately or mediately from heaven, 
were the typical facrifices confumed under the old dif- 
penfation. Since, then, Jehovah is in feripture repre¬ 
fented by the material heavens, and tfven called by their 
name, arid efpecially by that of fire, and fince the Se¬ 
cond and Third Perfons are exhibited refpedlively by 
the two conditions of light and fpirit, and fince fire is 
reall\r a condition of the heavenly fluid as much diftindb 
from the other two as they are from each other, it re¬ 
mains that the peculiar emblem of the Firft Perfon (as 
we ufually fpeak) of the eternal Trinity, confidered 
with refpe£t to the other two, be the fire. 

“ Bearing then in mind that the perfonality in Jeho¬ 
vah is in feripture reprefented by the material Trinity 
of nature ; which alfo, like their divine antitype, are 
of one fubftance, that the primary fcriptural type of 
the Father is fire ; of the Word, light; and of the 
Holy" Ghoft, fpirit, or air in motion ; we ftiall eafily 
perceive the propriety of the cherubic emblems. For 
the ox or bull, on account of his horns, the curling hair 
on his forehead, and his unrelenting fury when provo¬ 
ked (fee Pfal. xxii. 13.) us a very proper animal em¬ 
blem of fire ; as the lion from his nfual tawny gold¬ 
like colour, his flowing mane, his fiiining eyes, his great 
vigilancy and prodigious ftrength, is of light ; and thus 
like wile the eagle is of the fpirii or air in aClion, from 
his being chief among fowls, from his impetuous mo¬ 
tion (fee 2 Sam. i. 23. Job ix. 26. Jer. iv. 1$. Lam. iv. 
19.), and from his towering and furprifing flights in 
the air (fee Job xxxix. 27. Prov. xxiii. 5. xxx. 19. Ifa. 
xl. 31. and Bochart, vol. iii. p. 173.) And the heathen- 
ufed thefe emblematic animals, or the like, fometimes 
feparate, fometimes joined, in various manners, as repre- 
fentatives of the material Trinity of nature, which they 
adored. Thefe particulars Mr Hutchinfon has pro¬ 
ved with a variety of ufeful learning, vol. vii. p. 381, 
et feq. and any perfon who is tolerably acquainted with 
the heathen mythology will be able to increafe his va¬ 
luable collection with many iuftances of the fame kind 
trom modern as wTell as ancient accounts of the pagan 
religions. 

“ Thus, then, the faces of the ox, the lion, and the' 
eagle, reprefenting at fecond hand the Three Perfons 
of Jehovah, the Father, the Word, and the Holy Spi¬ 
rit ; and the union of the divine light with man'being 
plainly pointed out by the union of the faces of the 
lion and the man (fee Ezek. i. 10. xii. 18,), we may 
iafely affert, that the cherubim of glory (Heb. ix. c.) 
in the holy of holies were divinely inftituted and proper 
emblems of the Three Eternal Perfons in covenant to 

redeem 
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GheruMm. redeem man, and of the union of the divine and human any propriety, or without the greateft folecifru, be faid Cherubrr^ 

v~~' natures in the perfon'of Chrift. And we find (Gen, and defcrihed to fall down before and worfhip other ‘u"—’v 
iii. 24 ) that immediately on Adam’s expulfion from emblematical representations of the fame divine nature 

-paradife, and the ceffation of the iirft or paradifiacal and perfections : And therefore, whatever thefe beafts 
•difpenfatioii of religion, Jehovah Aleim himfelf fet up were emblems of, they could not be cherubim in Mr 
thefe emblems, together with the burning flame Hutchinfon’s fenfe of that word ; it being as contrary 

■roannjn rolling upon itfelf, to keep the way to the tree to the rational explanation of a vifion to fay that one 
of life; undoubtedly, confidering the fervicesperformed emblem of the divinity fhould worfhip another emblem 
before them, not to hinder, but to enable, man to pafs of it, as it is contrary to the reafon of mankind, and to 
through it.” all our notions either of the Godhead or of worfhip, to 

Thus far Mr Parkhurft; and to his differtation where fay that the, Trinity worfhipped the Trinity, or any 

is the man who will deny the merit of erudition, com- one Perfon in^the_ Trinity.” j 
*bined with ingenuity ? To the latter part of his rea- This objedion is admitted by our learned author to 
foning, however, objedions obtrude themfelves upon us be a very plaufible one. To us it appears unanfwerable. 

of fuch force, that we know not how to anfwer them. He anfwers it, however, in the following words : 
The reader obferves, that, according to this account, “ Let it be carefully obferved, that thefe reprefenta- 
the cherubim are only at/econd hand emblematical of the tions in Rev. ch. v. and xix. are not only vifional but 
.Holy Trinity, and that the primary emblem is that fluid hieroglyphical, and therefore muft be explained accord- 
which the author conceives to fill the folar fyflem, and ing to the analogy of fuch emblematical exhibitions; 
to be one fubftance under the different appearances or and as at ver. 6. ‘ the lamb, as it had been flain, having 
modifications of fire, light, and grofs air. But unfortn- feven horns and feven eyes, Handing in the midfl of the 
nately for this reafoning, we are as certain as we can throne, and of the four animals, and of the four-and- 
be of any matter of fad, that fire and air are not one twenty elders,’ is evidently fymbolical of the Lamb of 
fubftance ; that th& grofs air itfelf is compounded of God now raifed from the dead, and inverted with all 
very different ftibftances; and that even light is a diffe- knowledge and power both in heaven and in earth ; 
rent fubftance from that which caufes in us the fenfa- fo * the four animals falling down before him’ (ver. 8.), 
tion of heat, and to which modern chemifts have given and, as it is expreffed (ch. xix. 4.), ‘ worfhipping God 
the name of calorit (See Chemistry-//^# in this Sup- who fat upon the throne,’ muft, in all reafon, be ex- 
plement). We admit, that the primary atoms of all plained fymbolically likewife, not from any abftrad or 
matter may be fubftances of the very fame kind, though metaphyfical notions we may have framed to ourfelves 
we do not certainly know that they are: but this makes of worfhip in general, but from the fpecific and pe¬ 
ll othing for our author’s hypothefis ; becaufe the fun culiar circumrtances of the cafe before us. Thus, 
and all the planets muft, in that cafe, be added to his one likewife, when in 1 Chron. xxix. 20. ‘All the con* 
fubftance, which would no longer appear under a triple gregation worfhipped Jehovah and the king, namely 

form. Could it indeed be proved, that all men from David, the worfhip to both is expreffed by the fame 
Adam downwards, who made ufe of cherubic figures ftrong phrafe—^ wiw proftrated themfelves to, LXX. 

for the very fame purpofe with the ancient Jews, belie- TTpocrix-wncruv; yet furely no one will fay that the people 
•ved that fire, air, and light, are different modifications meant to worfhip David as God, but only to acknow- 
of the fame fubftance, their belief, though erroneous, ledge him as king. So Adonijah, who had contefted 
would be a fufficient foundation for our author’s reafon- the crown with Solomon, came, mmn and worfhipped 

ing • but of this no proof is attempted, and certainly King Solomon (1 Kings i. 53.), not as God ■ doubt- 
none that is fatisfadory could be brought. lefs, but as king, thereby furrendering his own claim to 

Our learned author, indeed, takes much for granted the throne. However ‘ contrary therefore it may be 
without proof. He has not proved that anywhere to the reafon of mankind, and to all our notions either 
the bull was the emblem or hieroglyphic of fire, the 'of the Godhead or of worfhip, to fay that the Trinity 
lion of light, or the eagle of air. We do not, it muft worfhipped the Trinity, or any one Perfon of the Tri¬ 
be owned, know that fuch hieroglyphics were not ufed nity,’ /. e. with divine worfhip as a creature worfhips 
in Egypt and other countries before the introdudion his Creator ; yet it is by no means contrary to the ra- 
of alphabetical charaders ; but unlefs they were fo ufed tional and fcriptural explanation of an emblematic vi- 
by Adam, all that is here faid of the propriety of thefe fion, to fay that the hierqglyphical emblems of the 
emblems muft go for nothing; Indeed we fee not their whole ever-bleffed Trinity fell down and worfhipped 

peculiar propriety. The tawny colour, flowing mane, the hieroglyphical emblem of the God-man, or God 
and fiercenefs of the lion, might, for any thing that who fat upon the throne. Since fuch falling down, 
we can perceive to the contrary, reprefent fire as fitly proftration, or worfhipping, was the ufual fymbolical 
ns the horns, curling hair, and fury of the bull; and if ad, as it ftill is in the eaft, not only of divine worfhip, 
•it be true, as is generally faid, that the eagle can look but of acknowledging the regal power to be in the per- 
fteadily on the fun, he feems, of all the three, to be fon fo worfhipped ; and thefe ads of the cherubic ani- 
the fitted emblem of light. # ™ls in Rev. v. 6. xix. 4. meant nothing more than 

But there are other objedions to this interpretation either a ceffion of the adminiftration of all divine power 
of the word cherubim. The four animals in the Revela- to Chrift God-man, or a declaration oi the divine 
tion, which were undoubtedly cherubim, as well as the fons, by their hieroglyphical reprefentatives, that He 
four and twenty elders, fell down before the Lamb, muft reign till all liis enemies were made his footftooL 

*Ch.v. 8- and worfhipped God*. Now, fays Dr Gregory Sharp, Comp. Mat. xxviii. 18. 1 Cor. xv. 25.’ 
xix. 4* u it is fcarce to be conceived, if thefe four beafts were re- With every inclination to honour the memory of Mr 

.prefentatives of the divine perfons, that they could with parkhurft, who was certainly a fcholar, and, which is 
of 
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Chef®, of more value, a pious and a good man, we cannot help horfe ; then the boat; and before them all, four footfol- 

confidering this anfwer as mere trifling. I ft the 18th diers ; but the boat mull be placed in the angle of the 

Pfalm, the Lord is faid to “ ride upon & cherub;” board.” 
and in Ezekiel, chap. i. there is faid to have “been “ From this paffage (fays the prefident) it clearly 
over the heads of the cherubim a throne, and upon that appears, that an army with its four angds muft be pla- 
throne the likenefs or appearance of a man,” whom we ced on each fide of the board, fmce an elephant could 
take to be the Son of God incarnate. But is there not Hand, in any dther pofition, on the left hand of each 

any country in which the regal power of the fovereign king ; and Radhacant (a Pandit) informed me, that 
is acknowledged by'his riding, not upon his fubjeds, the board confided, like our’s, of 64 fquares, half of them 

but upon other co-equal fovereigns ? or,' in which it is occupied by the forces, and half vacant. He added, 
the cuftom for the fovereign to place his viceroy (for that this game is mentioned in the oldeft law-books, 

fuch our Saviour in his human nature certainly is) in and that it was invented by the wife of a king, to amufe 
his throne above himfelf ? him with an image of war, while his metropolis was be- 

We muft therefore confefs, that we know not of fieged, in the fecond age of the world. A Jhip or boat 
what the cherubic figures were emblematical, and that is abfurdly fubflituted, we fee, in this complex game for 
he who labours to eftablifh the dodrine of the ever the rafh, or armed chariot, which the Bengalefe pro- 
blefTed Trinity by fuch criticifms and reafonings as thofe iiounce rot'h, and which the Perfians changed into rokh; 
which we have examined, is either a fecret enemy to whence came the rook of fome European nations; as 
that dodrine, or a very injudicious friend. the vierge and fal of the French are fuppofed to be cor- 

CHESS, the celebrated game, of which a copious ruptions of fern and fl, the prime minifler \and elephant 
account has been given in the Encyclopaedia, is affirm- of the Perfians and Arabs.” 
ed by Sir William Jones to have been invented by the As fortune is fuppofed to have a great {hare in de- 
Hindoos. “ If evidence were required to prove this ciding the fate of a battle, the ufe of dice is introduced 

*AfiaticRe fad (fays he *), we may be fatisfied with the teftimo- into this game to regulate its moves ; for (fays the Pu- 
fearchesyV oi.ny of the Perfians, who, though as much inclined as ran) “ if cinque be thrown, the king or a pawn* mud. be 
li. Mem. 9. other nations to appropriate the ingenious inventions of moved ; if qualre, the elephant ; if trots, the horfe ; and 

a foreign people, unanimoufly agree that the game was if deux, the boat. The king paiTes freely on all ffides, 
imported from the well of India in the fixth century of but over one fquare Only ; and with the fame limitation 
our era. It feems to have been immemorially known the pawn moves, but he advances ftraight forward, and 
in Hindofan by the name of Cheturanga, i. e. the four kills his enemy through an angle. The elephant marches 
angeds, or members of an army ; which are thefe, ele- in all diredions 3s far as his driver pleafes ; the horfe 
phants, horfes, chariots, and foot foldiers; and in this runs obliquely, traverfmg the fquares; and the Jhip 
fenfe the word is frequently ufed by epic poets in their goes over two fquares diagonally.” The elephant, we 
deferiptiofts of real armies. By a natural corruption of find, has the powers of our queen, as we are pleafed to 
the pure Sanfcrit word, it was changed by the old Per- call the general or minifler of the Perfians ; and the Jhip 
lians into Chetrarg ; but the Arabs, who foon after has the motion of the piece to which we give the unac- 
took poffeffion of their country, had neither the initial countable appellation of btfhup, but with a reftridion 
nor final letter of that word in their alphabet, and con- which mujt greatly leffen its value, 

fequently altered it further into Shetranj, which found In the Pur an are next exhibited a few general rules 
its way prefently into the modern Perfian, and at length and fuperficial diredions for the condiid of the game, 
into the dialeds of India, where the true derivation of Thus, “the pawns and the Jhip both kill and may be 
the name is known only to the learned. Thus has a voluntarily killed ; while the king, the elephant, and the 

. very fignificant word in the facred language of the horfe, may flay the.foe, but muft not expofe themfelves 
Brahmins been transformed by fucceffive changes into to be flam. Let each player preferve his own forces 
axedre%, fcacchi, ech'ecs, chefs, and, by a whimfical con- with extreme care, fecuring his kingabove all, and not 
currence of circumftances, has given birth to the Eng- facrificing a fuperior to-keep an inferior piece.” Here 
lifh word check, and even a name to< the exchequer > of (fays the prefident) the commentator on the Purdn ob- 

Great Britain.” ' _ ferves, that the horfe, who has the choice of eight moves 
It is confidently aflerted that Sanfcrit books on chefs from* any central pofition, muft be preferred to thefjip, 

exift in Bengal; but Sir William had feen none of them which has only the choice of fours Blit the argument 
when he wrotethe memoir which we have quoted. He would not hold in the common game, where the bi/hop » 

, exhibits, however, a defeription of a very ancient Indian and tower command a whole line, and where a knight is 
game of the fame.kind, but more complex, and in his always of lefs value than a tower in a&ion, or the bi¬ 
opinion more modern, than the ilmple chefs of the Per- fhop of that fide on which the attack is begun. “ It 

fans. This game is alfo called Chaturanga, but more is by the overbearing power of the elephant (continues 
frequently Chaturaji, or thzfour kings, fince it is played the Purdn) that the king fights boldly ; let the whole 
by four perfons reprefenting asmany princes^ two allied army, therefore, be abandoned in order to fecure the 

armies combating on each fide. The defeription is ta- elephant. The king muft, never place one*^/W be- 
ken from a book called Bhawi/Jjya Purdn ; in which the fore another, unlefs he be compelled by want of room 

form and principal rules of this- faditious warefare are for he would thus commit a dangerous fault ; and if he - 
thus laid down : “ Eight fquares being marked on all can flay one of two hoftile elephants, he. muft deftrov 
fides, the red army .is to be placed to the eaft, the green that on his left hand.” * 

to the fouth, the yellow to the weft; and the black to All that remains of the paffage which was copied for 
the north. Let the elephant (fays the author of the Sir William Jones relates to the feveval modes in which 

Pur an) Hand on the left of the king ; next to him the a partial fuccefs or complete vi dory may be obtained 

by; 
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Chefs, by any one of the four players ; for, as in a dlfpute be- 

Chevrettc. tween two ali;es, one of the kings may fometimes af- 

fume the command of all the forces, and aim at a fepa- 
rate conqueft. Firft, “ When any one king has placed 
himfelf on the fquare of another king (which advantage 
is called ftnhafana or the throne) he wins a Hake, which 
is doubled if he kill the adverfe monarch when he feizes 
his place ; and if he can feat himfelf on the throne of 
his ally, he takes the command of the whole army.” 
Secondly, “ If he can occupy fucceffively the thrones 
of all the three princes, he obtains the vidory, which is 
named cheturaji; and the Hake is doubled if he kill the 

lad of the three, juft before he takes pofTefTion of his 
throne ; but if he kill him on his throne, the Hake is 
quadrupled. Both in giving the finhafana and the che¬ 

turaji the king muft be fupported by the elephants, or 
by all the forces united.” Thirdly, “ When one player 
has his own king on the board, but the king of his 
partner has been taken, he may replace his captive ally, 
if he can feize both the adverfe Mngs ; or if he cannot 
effed their capture, he may exchange his king for one 
of them, againft the general rule, and thus redeem the 
allied prince, who will fupply his place.” This advan¬ 
tage has the name of nripacrifhta or reccrvered by the 
king. Fourthly, “ If a pawn can march to any fquare 
on the oppoiite extremity of the board, except that of 
the king, or that of the (hip, he afTumes whatever 
power belonged to that fquare.” Here we find the 
ude, with a flight exception, concerning the advance¬ 
ment of pawns, which often oceafions a moll intereft- 
ing ftruggle at our common chef6 ; but it appears that, 
in the opinion of one ancient writer on the Indian 
game, this privilege is not allowable when a player has 
'three pawns on the board; but when only one pawn 

and one fliip remains, the pawn may advance even to 
the fquare of a king or a fhip, and affu'me the power ot 
either. Fifthly, According to the people of Lanee, 
where the game was invented, “there could be neither 
vidory nor defeat if a king were left on the plain with¬ 
out force ; a fituation which they named cacacafljt'ha.” 
Sixthly, “ If three fhips happen to meet, and the fourth 
fliip can be brought up to them in the remaining angle, 
this has the name of vrihannauca ; and the player of 

the fourth feizes all the others.” 
The account of this game in the original Sanfcrit is 

in verfe, and there are two or three couplets ft ill remain¬ 
ing, fo very dark, either from an error in the manu- 
feript, or from the antiquity of the language, that Sir 
William Jones could not underftand the Pandit’s expla¬ 

nation of them, and fufpeds that even to him they 
gave very indiftind ideas. It would be eafy, however, 
he thinks, if it be judged worth while, to play at,the 
game by the preceding rules ; and a little pradice would 

perhaps make the whole intelligible. 
CHEVRETTE, in artillery, is an engine employed 

to raife guns or mortars into their carriage. It is form¬ 
ed of two pieces of wood about four feet long, (landing 
upon a third, which is fquare. The uprights are about 
a foot afunder, and pierced with holes exadly oppofite 
to one another, to receive a bolt of iron, which is put 
in, either higher or lower at pleafure, to ferve as a fup- 
port to a handfpike, by which the gun is raifed up. 

By the author of the Military Guide, this is faid to be Chicha 
the mod ufeful of all the inventions for raifing guns H 
into their carriages.; and it deems thefe inventions have 1 , 
been many. 

CHICHA, the name given by the natives to the 

ifland of Jeflo, which lies to the fouth of Oku-Jeffo, or 
Segalian ifland. See Segalian in this Supplement. 

CHIME RE, the upper robe worn by bifhops in 
church and in the Houle of Peers, to which the lawn 
fleeves are generally fewed. Betore the Reformation, 
and even after it till the reign of Queen Elizabeth, the 
chimere was always of Jcarletfilk ; but bifhop Hooper, 
ferupling firft at the robe itfelf, and then at the colour 
of it, as too light and gay for the epifcopal gravity, the 
dhimere was afterwards made of black fat in. The ar- 
chiepifcopal chimere has a long train. 

CHIMNEY, a particular part of a houfe well known, 
which Profeffor Beckmann has, in our opinion, proved 
to be an invention comparatively modern. It would be 
very unfair dealing in us to give even a large abftrad 
of one of the mod curious differtations ot a curious 
book, which has been but lately publiflied, and thereby 

injure the intereft of him to whom the native of Britain 
is indebted for the pleafure of perufing it in his own 
tongue. No man, however, can blame us for here da¬ 
ting, in fupport of our own opinion, the profeflor’s an? 
fwer to the paflage of Ferrari, which we have quoted 
under the word Chimney in the Encyclopedia. 

“When the triumviri, fays Appian *, caufed thofe * De belfis 
who had been proferibed by them to be fought for bydv/A l»b. iyv 
the military, fome of them, to avoid the bloody hands,^9^* edit, 

of their perfetutors, hid themfelves in wells, and others, 
as Ferrarius tranflates the words, in fumaria fub teflo, 
quafcilicet fumus e tefio cvqhnlur (a). The true tranf- 
lation, however (fays Mr Beckmann), is fumofa ceenacula. 
The principal perfons of Rome endeavoured to conceal 
themfelves in the fmoky apartments of the upper dory 
under the roof, which, in general, were inhabited only 
by poor people ; and this feems to be confirmed by 
what Juvenal f exprefsly fays, Rarus venit in ccenacula j. gaf Xo 
miles. # ver. 17, 

“ Thofe pafTages of the ancients which fpeak of 
fmoke rifing up from houfes, have with equal impro¬ 
priety been fuppofed to allude to chimneys, as if the 
fmoke could not make its way through doors and win¬ 
dows. Seneca J writes, ‘ Lad evening I had fome j ^ 
friends with me, and on that account a ftronger fmoke 
was raifed; not fuchafrnoke,however,asburfts forth from 

the kitchens of the great, and which alarms the watch¬ 
men, but fuch a one as fignifies that guefts are arrived,* 
Thofe whofe judgments are not already warped by 
prejudice, will undoubtedly find the true fenfe of thefe 
words to be, that the fmoke forced its way through the 
kitchen windows. Had the houfes been built with 
chimney-funnels, one cannot conceive why the watch¬ 
men fhould have been alarmed when they obferved a 
dronger fmoke than ufual arifing from them ; but as 
the kitchens had no conveniences of that nature, an ap- 
prehenfion of fire, when extraordinary entertainments 

were to be provided in the houfes of the rich for large 
companies, feems to have been well founded; and on 
fuch oceafions people appointed for that purpofe were 

ftationed 

(a) Ej- x.a*vv$(ic vrrapoficc, » rut) Ttyvv reus Ktp&fAt&i fivi/ttvctis* 
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Rationed in the neighbourhood to be conftantly on the 
watch, and to be ready to extinguifh the flames in cafe 
a Are fliould happen. There are many other pafiages 
to be found in Roman authors of the"like kind, which 

* Eclog. i. it is hardly neceffary to mention; fucli as that of Virgil*, 
ver. 83, 

4 Et jam fumma procul villarum culmina fumant,* 

f Aulular, and the following words of Plautusf, deferiptive of a 
a<5t ii. fc. 4. mifer : 

4 Quin divum atque hominum clamat continuo fidem, 
4 Suam rem periilTe, feque eradicarier, 
4 De fuo tigillo fumus li qua exit forasd 

In the V*fp<e of Ariftophanes, referred to in the En¬ 
cyclopaedia, old Pmlocleon wifhes to efcape through 
the kitchen. Some one afks, “ What is that which 

- makes a noife in the chimney >” ££ I am the fmoke 
(replies the old man), and am endeavouring to get out 

at the chimney.” “ This paflage, however (fays the 
Profeffor), which, according to the ufual tranflation, 
feems to allude to a common chimney, can, in my opi¬ 
nion, efpecially when we confider the illuflration of the 
fcholialts, be explained alfo by a Ample hole in the roof, 
as Reiike has determined ; and indeed this appears to 
be more probable, as we And mention made of a top or 
covering j with which the hole was clofed.,, 

In the Encyclopaedia we have faid, that tbeinflances 
of chimneys remaining among the ruins of ancient build¬ 
ings are few, and that the rules given by Vitruvius for 
building them are obfeure ; but we are now fatisfied 
that there are no remains of ancient chimneys, and 
that Vitruvius gives no rules, either obfeure or perfpi- 
cuous, for building what, in the modern acceptation of 
the word, deferves the name of a chimney. 

“ The ancient mafon-work ftill to be found in Italy 
does not determine the queftion. Of the walls of towns, 
temples, amphitheatres, baths, aquedu&s, and bridges, 
there are fome though very imperfedl remains, in which 
chimneys cannot be expe&ed ; but of common dwell- 
ing-houfes none are to be feen except at Herculaneum, 
and there no traces of chimneys have been difeovered. 
The paintings and pieces of fculpture which are prefer- 
ved afford us as little information ; for nothing can be 

perceived in them that bears the fmalleft refemblance $0 
a modern chimney. 

. “ ft there were no funnels in the houfes of the an¬ 
cients to carry off the fmoke, the diredions given by 
Columella, to make kitchens fo high that the roof fliould 
not catch Are, was of the utmofl importance. An 
accident of the kind, which that author feems to have 
apprehe *ded, had aimed happened at Beneventum, when 
the landlord who entertained Maecenas and his company 
was making a flrong Are in order to get fome birds 
iooner roafted. 
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ubi fedulus hofpes 
* Paene arflt, macros dum turdos verfat in igne; 

4 Nam vaga per veterem dilapfo flamma culinam 

$ Herat. ‘ Vulcano fummum properabat lambere te£tum§.> 

.1. fat.5. tjierg been chimneys in the Roman houfes, Vitru¬ 

vius certainly would not have failed to deferibe their 

conftru&ion, which is fometimes attended with confider- 
able difficulties, and which is intimately conne&ed with 
the regulation of the plan of the whole ediAce. He 

does not, however, fay a word on this fubieft: neither 
Suppio Vol. I. Part II. 

does Julius Pollux, who has collefted with great care Chimney- 
the Greek names of every part of 3 dwelling-lioufe ; v—^ 
and Grapaldus, who in later times made a colle&ion 
of the Latin terms, has not given a Latin word expref- 
Ave of a modern chimney „ ... 

Our author admits the derivation of the word chlm-Marii Gra- 

ney to be as we have given it in the Encyclopaedia; butpMdepar* 

(fay he) “ Caminus lignifled, as far as I have been able^f *dium 
to learn, Arft a chemical or metallurgic furnace, in 1 rU • 
which a crucible was placed for melting and reAning 
metals; fecondly, a fmith’s forge; and, thirdly, a 
hearth on which portable {loves or Are-pans were pla¬ 
ced for warming the apartment. In all thefe, however, 
there appears 110 trace of a chimney.” Herodotus re¬ 
lates (lib. viii. c. 137-), that a king of Libya, when 
one of his fervants afked for his wages, offered him 
in jeft the fun, which at that time ffione into the houfe 
through an opening in the roof, under which the lire 
was perhaps made in the middle of the ediAce. If fuch 
a hole mull be called a chimney, our author admits that 

chimneys were in ufe among the ancients, efpecially in 
their kitchens ; but it is obvious that fuch chimneys 
bore no refemblance to our’s, through which the fun 
could not dart his rays upon tne floor of any apartment. 

“ Plowever imperfect may be the information which 
can be colle&ed from the Greek and Roman authors re- 
fpe&ing the manner in which the ancients warmed their 
apartments, it nevertheleis (hews that they commonly 
ufed for that purpofe a large Are-pan or portable ftove, 
in which they kindled wood, and, when the wood was 
well lighted, carried it into the room, or which they 
Ailed with burning coals. When Alexander the Great 
was entertained by a friend in winter, as the weather 
was cold and raw, a fmall Are bafon was brought into 
the apartment to warm it. The prince, obferving the 
Aze of the veflel, and that it contained only a few coals, 
defired his hoft, in a jeering manner, to bring more 
wood or frankincenfe ; giving him thus to underftand 
that the Are was Atter for burning perfumes than to 

produce heat. Anacharfis, the Scythian philofopher, 
though difpleafed with many of the Grecian cuftoms, 
praifed the Greeks, however, becaufe they (hut out the 

fmoke and brought only Are into their houfes f. We f Plutarch* 
are informed by Lampridius, that the extravagant He- sy”?Pf- 
liogabulus caufed to he burned in thefe doves, inftead HVi* 7‘ 
of wood, Indian fpiceries and coftly perfume? It isP ^ 
alfo worthy of notice, that coals were found in fome 

the apartments of Herculaneum, as we are told by Heliogab. 
Winklemann, but neither (loves nor chimneys” cap. 31. 

It is well known to every fcholar, that the ufeful arts 
of life were invented in the eaft, and that the cuftoms, 
manners, and furniture of eaftern nations, have remain¬ 
ed from time immemorial almoft unchanged. In Per- 
Aa, which the late Sir William Jones feems to have con- 
Adered as the original country of mankind, the me¬ 

thods employed by the inhabitants for warming tbem- 
felves have a great refemblance to thofe employed by 
the ancient Greeks and Romans for the fame purpofe. 
According to De la Valle, the Perfians make Ares in 
their apartments, not in chimneys as we do, but in 
ftoves in the earth, which they call tennor. “ Thefe (loves 

confifl of a fquare or round hole, two fpans or a little 
more in depth, and in ftiape not unlike an Italian ca(k. 
That this hole may throw out heat fooner, and with 

more ftrength, there is placed in it an iron veftel of the 

3 F fame 
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Chimney, fame fize, which is either filled with burning coals, or 

*— ' a fire of wood and other inflammable fubftances is made 
in it. When this is done, they place over the hole or 
{love a wooden top, like a fmall low table, and fpread 
above it a large coverlet quilted with cotton, which 
hangs down on all lides to the floor. This covering 
condenfes the heat, and caufes it to warm the whole 
apartment. The people who eat or converfe there, 
and fome who deep in it, lie down on the floor above 
the carpet, and lean, with their fhoulders againfl the 
wall, on fquare cufhions, upon which they fometimes 

alio fit ; for the tennor is conilru&ed in a place equally 
diftant from the walls on both Tides. Thofe who are 
not very cold only put their feet under the table or co¬ 
vering ; but thofe who require more heat can put their 
handT under it, or creep under it altogether. By thefe 

means the Aove diffufes over the whole body, without 
caufing uneafinefs to the head, fo penetrating and a- 
greeable a warmth, that I never in winter experienced 
any thing more pie a fan t. Thofe, however, who re¬ 
quire lefs heat let the coverlet hang down on their fide 
to the-floor, and enjoy without any inconvenience from 
the Aove the moderately heated air of the apartment. 
They have a method alfo of ftirring up or blowing the 
fire when neceffary, by means ot a fmall pipe united 
with the tennor or flove under the earth, and made to 
projedl above the floor as high as one choofes ; fo that 
the wind, when a perfon blows into it, becaufe it has no 
other vent, aas immediately upon the fire like a pair of 
'bellows. When there is no longer occafion to ufe this 
flove, both holes are clofed up, that is to fay, the 
inouth of the flove and that of the pipe which conveys 
the air to it, by a flat Hone made for that purpofe. 
Scarcely any appearance of them is then to be percei¬ 
ved, nor do they occafion inconvenience, efpecially in a 
country where it is always cuftomary to cover the floor 
with a carpet, and where the walls are plaflered. In 
many parts thefe ovens are ufed to cook vi&uals, by 
placing kettles over them. They are employed alfo to 
bake bread; and for this purpofe they are covered with' 
a large broad metal plate, on which the cake is laid ; 
hut if the bread is thick and requires more heat, it is 

put into the Hove itfelf.” 
Our learned author having proved, to our entire fa- 

tisfa&ion, that chimneys, fuch as we have now in every 
comfortable room, were unknown to the moil polifhed 

nations of antiquity, fets liimfelf to inquire into the era 
of their invention ; and the oldefl account of them 
which he finds is an infeription at Venice, which relates, 
that in the year 1347 a great many chimneys were 
thrown down by an earthquake. It would appear, 
however, that in fome places they had been in ufe for a 
confiderable time before that period ; for De Gataru, 
in his Hiftory of Padua, relates, that Fraticefco de Car¬ 
rara, lord of Padua, came to Rome in 1368, and find¬ 
ing no chimneys in the inn where he lodged, becaufe at 
that time fire was kindled in a hall in the middle ot the 
floor, he caufed two chimneys like thofe which had long 
been ufed at Padua to be conflrudled by mafons and 
carpenters, whom he had brought along with him. 
Over thefe chimneys', the firil ever feen at Rome, he 
affixed his arms, which were flill remaining in the time 
of De Gataris, who died of the plague in 1405. 

Though chimneys have been thus long in ufe, they 
are yet far enough from being brought to perfection. 
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There is hardly a modern houfe, efpecially if highly fi- Chimney^ 

nidied, in which there is not one room at leatl liable to v "* 
be filled with fmoke when it is attempted to be heated 
by an open fire ; and there are many houfes fo infefl^d 
with this plague as to be almofl uninhabitable during 
the winter months ; not to mention other great defeats 
in common chimneys, which not being fo obvious have 
attraCled lefs attention. Many ingenious methods have 
been propofed to cure fmokey chimneys in every fitua- 
tion (fee Smoke, Encycl.) ; but Count Rumford’s Ef- 
fay on this fubjeCl contains the moll valuable directions 
that we have feen, not only for removing the inconve- 
niency of fmoke, but likewife for increafing the heat of 
the room by a diminiihed confumption of fuel. 

To thofe who are at all acquainted with the nature 

and properties of elaftic fluids, it mull be obvious, that 
the whole my fiery of curing fmokey chimneys confiAs in 
finding out and removing the accidental caufes which 
prevent the heated fmoke from being forced up the 
chimney by the preffure of the cool and therefore hea¬ 
vier air of the room. Though thefe caufes are various, 
yet, fays our author, that which will moft commonly be 
found to operate, is the bad conflruCtion of the chim¬ 
ney in the neighbourhood of the fire-place. “ The great 
fault of all the open fire-places or chimneys for burning 
wood or coals in an open fire now in common ufe is, 
that they are much too large ; or rather it is the throat 
of the chimney, or the lower part of its open canal, in 
the neighbourhood of the mantle, and immediately over 

the fire, which is too large.” . 
To this fault, therefore, the attention fhould be firA 

turned in every attempt which is made to improve the 
conAruClion of chimneys ; for however perfeCl a fire¬ 

place may he in other refpeCls, if the opening left for 
the paffage of the fmoke is larger than is neceffary for 
that purpofe, nothing can prevent the warm air of the 
room from efcaping through it; and whenever this hap¬ 

pens, there is not only an unneceffary lofs of heat, but 
the warm air which leaves the room to go up the chim¬ 
ney being replaced by cold air from without, draughts 
of cold air cannot fail to be produced in the room, to 
the great annoyance of thofe who inhabit it. But al¬ 
though both thefe evils may be effe&ually remedied by 
reducing the throat of the chimney to a proper fize, yet 
in doing this feveral precautions will be neceffary. .And 
firA of all, the throat of the chimney Aiould be in its 
proper place ; that is toTay, in that place in which it 
ought to he, in order that the afeent of the fmoke may 
be moA facilitated : now as the fmoke and hot vapour 
which rife from a fire naturally tend upwards, the pro¬ 
per place for the throat of the chimney is evidently 

perpendicularly over the fire. 
But there is another circumAance to be attended to 

in determining the proper place for the throat of a 

chimney, and that is, to afeertain its diAance from the 
fire, or how Jar above the burning efuel it ought to be 
placed. In determining this point there are many things* 
to be confidered, and feveral advantages and difadvan- 

tages to be weighed and balanced. 
As the fmoke and vapour which afeend from burn¬ 

ing fuel rife in confequence of their being rarefied by 
heat, and made lighter than the air of the furrounding 
atmofphere; and as the degree of their rarefadion, and 
confequently their tendency to rife, is in proportion to 

the inteufity of their heat;.and further* as they are hot- 
' ter 
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Chimney- ter near the fire than at a greater diftance from it—it is 

clear that the nearer the throat of a chimney is to the 

fire, the ftronger will be what is commonly called its 
draught, and the lefs danger there will be of its fmoking. 
But, on the other hand, when the draught of a chim¬ 
ney is very flrong, and particularly when this ftrong 
draught is occafioned by the throat of the chimney be¬ 
ing very near the fire, it may fo happen that the draught 
of air into the fire may become fo ftrong as to caufe the 
fuel to be confumed too rapidly. There are like wife 
feveral other inconveniences which would attend the 
placing of the throat of a chimney very near the burn¬ 
ing fuel. 

The po fit ion of the throat of a chimney being once 

determined, the next points to be afcertained are its fize 
and form, and the manner in which it ought to be con- 
ne&ed with the fire-place below, and with the open ca¬ 
nal of the chimney above. But as thefe inveftigations 
are intimately connedted with tliofe which relate to the 
form proper to be given to the fire-place itfelf, we muft 
confider them all together. 

Now the defign of a chimney fire being fimply to 
warm a room, it is neceffary, firft of all, to contrive 
matters fo that the room fhally be actually warmed; fe- 
condly, that it be warmed with the fmalleft expence of 
fuel poffible ; and, thirdly, that in warming it, the air 

of the room be preferved perfedtly pure, and fit for re- 
fpiration, and free from fmoke and all difaereeable 
fniells. 

To determine in what manner a room is heated by 
an open chimney fire, it will be neceffary firft of all to 
find out under what form the heat generated in the 
combuftion of the fuel exifts, and then to fee how it is 
communicated to tliofe bodies which are heated by it. 

In regard to the firft of thefe fubje&s of inquiry, it 
is quite certain that the heat which is generated in the 
combuftion of the fuel exifts under two perfectly diftind! 
and very different forms. One part of it is combined 
with the fmoke, vapour, and heated air which rife from 
the burning fuel, and goes cff with them into the upper 
regions of the atmofphere; while the other part, which 

appears to be uncombined, or, as fome ingenious philofo- 
phers have fuppofed, combined only with light, and 
therefore called radiant heat, is fcnt off from the fire in 
rays in all poffible diredlions. 

With refpedl to the fecond fubje& of inquiry, name¬ 
ly, how this heat, exifting under thefe'two different 
forms, is communicated to other bodies, it is highly 
probable that the combined heat can only be commu¬ 
nicated to other bodies by aftual contaB with the body 
with which it is combined ; and with regard to the 
rays which are fent off by burning fuel, it is certain that 
they communicate or generate heat only when and where 
they are (topped or abforbed. Tn pafling through air, 
which is tranfparent, they certainly do not communi¬ 
cate any heat to it; and it feems highly probable that 
they do tiot communicate heat to folid bodies by which 
they are reflected. 

As it is the radiant heat alone which can be em- 
ployed in warming a room, when fuel is burnt for this 
purpofe in an open fire-place, it becomes an objeft of 
much importance to determine bow the greateft quan¬ 
tity of it may be generated in the combuftion of the 

fuel, and how the greateft proportion poffible of that 
generated may be brought into the room. 
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Now the quantity of radiant heat generated in the Chimney 

combuftion of a given quantity of any kind of fuel de-v-v*—J 

pends very much upon the management of the fire, or 
upon the manner in which the fuel is confumed. When 

the fire burns bright, much radiant heat will be fent off 
from it ; but when it is /mothered up, very little will be 
generated, and indeed very little combined heat that 
can be employed to any ufeful purpofe : moft of the 
heat, produced will be immediately expended in giving 
elafticity to a thick denfe vapour or fmoke, which will 
be feen rifing from the fire ; and the combuftion being 
veiy incomplete, a great part of the inflammable matter 
of. the fuel being merely rarefied and driven up the 
chimney without being inflamed, the fuel will be waft¬ 
ed'to little purpofe. And hence it appears of how 
much importance it is, whether it be confidered with a 
view to economy, or to cleanlinefs, comfort, and ele¬ 
gance, to pay due attention to the management of a 
chimney fire. 

Nothing can be more perfedly void of common 
fenfe, and wafteful and flovenly at the fame time, than 
the manner in which chimney fires, and particularly 
where coals are burned, are commonly managed by fer- 
vants. They throw on a load of coals at once, through 
which the ilame is hours in making its wav ; and fre¬ 
quently it is not without much trouble that the fire is 
prevented from going quite out. During this time no 

heat is communicated to the room ; and what is ftill 
worfe, the thioat of-the chimney being occupied mere¬ 

ly by a heavy denfe vapour, not polfelfed of any confi- 
derable degree of heat, and confequently not havin-r 
much elafticity, the warm air of the room finds lefs dif¬ 
ficulty in forcing its way up the chimney and efcaping 

than when the fire burns bright. And it happens not 

unfrequently, efpecially in chimneys and fire-places ill- 
conftruded, that this current of warm air from the 
room which preffes into the chimney, croffing upon the 
current of heavy fmoke which rifes flowly from the 
fire, obftru&s it in its afeent, and beats it back into the 
room : hence it is that chimneys fo often fmoke when 
too large a quantity of frelh coals is put upon the fire. 
So many coals (hould never be put on the fire at once 
as to prevent the free paffage of the flame between 
them. In ffiort, a fire ffiould never be fmothered; and 
when proper attention is paid to the quantity of coals 
put on, there will be very little ufe for the pocker ; 
and this circumftance will contribute very much to 
cleanlinefs, and to the prefervation of furniture. 

As we have feen what is neceffary to the generation 
of the greateft quantity of radiant heat, it remains to be 
determined how the greateft proportion of that which 
is generated and fent off from the fire in all direftions 
may be made to enter the room, and afiift in warming it 

This muff be done, firft, by caufing as many as pof. 
fible of the rays, as they are fent off from the fire in 
ftraight lines, to come direaly into the room ; which 

can only be effected by bringing the fire as far forward 
as poffible, and leaving the opening of the fire place as 

wide and as high as can be done without inconvenience • 
and, fecondly, by making the fides and back of the 
fire-place of fuch a form, and conftruding them of fuch 

materials, as to caufe the direct rays from the fire 
which ftrike again!! them, to be fent into the room by 
reflection 111 the greateft abundance. 

Now it will be found upon examination, that the beft 

3 ^ 2 form 
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Chimney, form for the vertical fides of a fire-place, or the covings 

' (as they are called), is that of an upright plane, ma¬ 
king an angle with the plane of the back of the fire¬ 
place of about 135 degrees.—-According to the prefent 
conftru&ion of chimneys, this angle is fometimes only 

go, and very feldom above 100 or 110 degrees ; but it 
is obvious, that in all thefe cafes the two Tides or co¬ 
verings of the fire-place are very ill-contrived for throw¬ 
ing into the room by refie&ion the rays from the fire 

■which fall upon them. 
With regard to the materials which (hould be em¬ 

ployed in the conflru&ion of fire-places, particularly 

the backs and covings, it is obvious that thofe are to 
be preferred which abforb the leajl, and of courfe re- 
jleft the greateft quantity of radiant heat. Iron, there¬ 
fore, and, in general, metals of all kinds, are the very 
word materials which can pofiibly be employed for the 
backs and covings of chimneys ; whilft fire-ftone white- 
wafhed, or common bricks and mortar, covered with a 
thin coating of plafter, and white-wafhed, anfvver the 
purpofe extremely well. A white colour {hould, in¬ 
deed, be always given to the infide of a chimney of 
whatever materials it be condru&ed ; and black, which 
is at prefent fo common, (hould be carefully avoided, 
becaufe white refle&s the mod, and black the lead, ra¬ 
diant heat. The grate, however, cannot well be made 
of any thing clfe than iron ; but there is no necefiity 
whatever for that immenfe quantity of iron which fur- 

rounds grates as they arc commonly fitted up, and 
which not only renders them very expenfive, but effen- 

tially injures the fire-place. 
To have only pointed out the faults of the chimneys 

in ufe, without {hewing how thefe faults may be correft- 
ed, would have been a work of very little, value ; but 

' the Count’s Treatife is complete, and contains the plain¬ 
ed directions for the condruaion of fire-places. Thefe 
diredions are introduced by an explanation of fome 
technical words and exprefiions. Thus, by the throat 
of a chimney, already mentioned, he means the lower 
extremity of its canal, where it unites with the upper 
part of its open fire-place. This throat is commonly 
found about a foot above the level of the lower part of 
the mantle, and it is fometimes contra&ed to a fmaller 

fize than the red of the canal of the chimney, and fome¬ 

times not. 
Plate XX. Fig. 1. (hews the fe&ion of a chimney on the com¬ 

mon condru&ion, in which de is the throat. 
Fig. 2. (hews the fe&ion of the fame chimney altered 

and improved, in which di is the reduced throat.^ 
The breafl of a chimney is that part of it which is 

immediately behind the mantle. It is the wall which 
forms the entrance from below into the throat of the 
chimney in front, or towards the room. It is oppofite to 
the upper extremity of the back of the open fire-place, 

and parallel to it : in {hort, it may be faid to be the 
back part of the mantle itfelf.—In the figures 1, and 
2. it is marked by the letter d. The width of the 
throat of the chimney (de fig. i.and di fig. 2.) is ta¬ 
ken from the bread of the chimney to the back, and its 
length is taken at right angles to its width, or in a line 
parallel to the mantle (a fig. 1. and 2.). 

The bringing forward of the fire into the room, or 
rather bringing it ^hearer to the front of the opening of 
the fire-place, and the diminifhing of the throat of the 
chimney, being two objects principally had in view in 
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the alterations in fire-places propofed by the Count, it Chimney* 

is evident that both thefe may be attained merely by v 
bringing forward the back of the chimney. The only 
quedion therefore is, How far it fhould be brought for¬ 
ward > The anfwer is fhort, and eafy to be under- 
dood ; bring it forward as far as pofiible, without di- 
minilhing too much the paflage which mud be left for 
the fmoke. Now as this paflage, which in its narrow¬ 
ed part he calls the throat of the chimney, ought, for rea- 
fons which have been already explained, to be imme¬ 
diately, or perpendicularly over the fire, it is evident 

that the back of the chimney mud always be built per¬ 
fectly upright. To determine, therefore, the place for 
the new back, or how far precifely it ought to be 
brought forward, nothing more is neceffary than to af- 
certain how wide the throat of the chimney ought to 
be left, or what fpace mud be left between the top of 
the bread of the chimney where the upright canal of 
the chimney begins, and the new back of the fire-place 

carried up perpendicularly to that height. 
Numerous experiments have convinced the Count, 

that, all circumdances being well confidered, and the 
advantages and difadvantages compared and balanced, 

four inches is the bed width that can be given to the 
throat of a chimney, whether the fire-place be dedined 
to burn wood, coals, turf, or any other fuel. In very 

large halls where great fires are kept up, it may fome¬ 
times, though very rarely, be proper to increafe this 
width to four inches and a half, or even to five inches. 

The next thing to be confidered is the width which 
it will be proper to give to the back of the chimney 
and, in mod cafes, this (hould be one-third of the width 
of the opening of the fire place in front. It is not in¬ 
deed abfolutely neceffary to conform with rigour to this- 

decifion, nor is it always pofiible ; but it (hould inva¬ 
riably be conformed to as far as circumdances will per¬ 
mit. Where a chimney, fays the Count, is defigned 
for warming a room of a middling fize, and where the 
thicknefs of the wall of the chimney in front, meafured 
from the front of the mantle to the bread of the chim¬ 
ney, is nine inches, I fhould fet off four inches more for 
the width of the throat of the chimney, which, fuppo- 
fing the back of the chimney to be built upright, as it 
always ought to be, will give thirteen inches for the 
depth of the fire-place, meafured upon the hearth, from , 

the opening of the fire-place in front to the back. In 
this cafe, thirteen inches would be a good fize for the 
width of the back ; and three times thirteen inches, or 
39 inches, for the width of the opening of the fire¬ 

place in front ; and the angle made by the back of the 
fire-place and the fides of it, or covings, would be jud 
135 degrees, which is the bed pofition they can have 
for throwing heat into the room. This pofition, in¬ 
deed, it may fometimes be impofiible to attain in. alter¬ 

ing chimneys already built; but a deviation from it of 
two or three degrees will be of no great confequence ; 
for the points of by much the greated importance in ah 
tering fire-places upon the principles here recommend¬ 
ed, are the bringing forward the back to its proper 

place, and making it of the proper width. 
Provifion, however, mud be made for the paflage of 

the chimney-fweeper up the chimney; and this may 
eafily be done in the following manner : In building 

up the new back of the fire-place ; when this wall 
(which need never be more than the width of a Angle * 
' brick 
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Chimney, brick in thicknefs) is brought up fo high that there 
u-—v—' remains no more than about ten or eleven inches be¬ 

tween what is then the top of it and the infide of the 

mantle, or lower extremity of the bread of the chim¬ 
ney, an opening or door way, eleven or twelve inches 

wide, mult be begun in the middle of the back, and 
continued quite to the top of it, which, according to 
the height to which it will commonly be neceffary to 
carry up the back, will make the opening abundantly 
fufficient to let the chimney-fweeper pafs. When the 
fire-place is finifhed, this door-way is to be clofed by a 
tile or lit piece of Hone placed in it without mortar, and 
by means of a rabbit made in the brick-work, confined 

in its place in fuch a manner as that it may be eafily 
removed when the chimney is to be fwept, and re- 
flored to its place when that work is over. Of this 
contrivance the reader will be able to form a clear con¬ 
ception from fig. 2. which reprelents the fe&ion of a 
chimney after it has been properly altered from what 
is exhibited in fig. 1. In this improved chimney k l is 
the new back of the fire-place ; / / the tile or done 
which clofes the door-way for the chimney-fweeper; 
d i the throat of the chimney narrowed to four inches ; 
a the mantle, and h the done placed under the mantle, 
fuppofed to have been too high, in order to diminish 
the height of the opening of the fire-place in front. 

It has been obferved above, that the new back, which 
it will always be found neceffary to build in order to 
bring the fire fufficiently forward, in altering a chim¬ 
ney condru<Sled on the common principles, need never 
be thicker than the width of a common brick. The 
fame may be faid of the thicknefs neceffary to be given 
to the new Tides or covings of the chimney ; or if the 
new back and covings are condru&ed of done, one inch 
and three quarters, or two inches in thicknefs, will be 
fufficient. Care fhould be taken in building up thefe 
new walls to unite the back to the covings in a folid 
manner. 

Whether the new back and covings are conftru&ed 
of done or built of bricks, the fpace between them and 
the old back and covings of the chimney ought to be 
filled up, to give greater folidity to the flriufture. This 
may be done with loofe rubbifh, or pieces of broken 
bricks or dones, provided the work be ftrengthened by 
a few layers or courfes of bricks laid in mortar ; but it 
will be indiTpenfably neceffary to finifh the work where 
thefe new walls end, that is to fay, at the top of the 
throat of the chimney, where it ends abruptly in the 
open canal of the chimney, by a horizontal courfe of1 
bricks well fecured with mortar. This courfe of bricks.. 
will be upon a level with the top of the door-way left, 
for the chimney-fweeper ; and the void behind the door* 
way mud be covered with a horizontal done or tile, to 

be removed at the fame time the door is removed, and 
for the fame purpofe. 

From thefe defcriptions it is clear, that: where the 
throat of the chimney has an end, that is to fay, where 
ift enters into the lower part of the open canal of the 
chimney, there the three walls which form the two co¬ 

vings and the back of the fire-place all end abruptly. 
' It is of much importance that they fhould end.in this 

manner ; for were they to be doped outward, and rai- 
\ fed in fuch a manner as to fvvell out the upper extremi¬ 

ty of the throat of the chimney in the form of a trum¬ 

pet, and increafe it by degrees to the fize of the canal 
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of the chimney, this manner of uniting the lower ex- Chimney, 

tremity of the canal of the chimney with the throatv——"v- y J 
would tend to affid the winds, which may attempt to 

blow down the chimney, in forcing their way through 
the throat, and throwing the fmoke backward into the 

room ; but when the throat of the chimney ends abrupt¬ 
ly, and the ends of the new walls form a flat horizontal 

furface, it will be much more difficult for any wind 
from above to find and force its way through the nar¬ 
row paffage of the throat of the chimney. 

As the two walls which form the new covings of the 
chimney are not parallel to each other, but inclined, 
prefenting an oblique furface towards the front of the 
chimney, and as they are built perfectly upright, and 
quite flat, from the hearth to the top of the throat, 
where they end, it is evident that an horizontal fedlion 
of the throat will not be art oblong fquare ; but its de¬ 
viation from that form is a matter of no confequence ; 
and no attempts fhould ever be made, by twiding the 
covings above where they approach the bread of the 
chimney, to bring it to that form. All twids, bends, 

prominences, excavations, and other irregularities of 
form in the covings of 3 chimney, never fail to produce 
eddies in the current of air which is continually paffing 
into, and through, an open fire-place in which a fire is 
burning ; and all fuch eddies didurb either the fire or 
the afcending current of fmoke, or both ; and not un- 
frequently caufe the fmoke to be thrown back into the 
room. Hence it appears, that the covings of chimneys 
fhould never be made circular, or in the form cf any. 
other curve, but always quite flat. 

For the fame reafon, that is to fay, to prevent ed¬ 
dies, the bread of the chimney, which forms that fide 
of the throat that is in front or neared to the room, 
fhould be neatly cleaned off, and its furface made quite 
regular and fmooth. This rnay be eafily done by co¬ 
vering it with a coat of plader, which may be made 
thicker or thinner in different parts, as-may be neceffa- 
ry in order to bring the bread of the chimney to be of 
the proper form.- 

With regard to the form of the bread of a.chimney, 
this is a matter of very great importance, and which 
ought always to be particularly attended to. The word 

form it can have is that of a vertical plane or upright 
flat ; and next to this the word form is an inclined 
plane. Both thefe forms caufe the current of warm air 
from the room, which will, in fpite of every precaution, 
fometimes find its way into the chimney, to crofs upon 
the current of fmoke which rifes from the fire in a man¬ 
ner mod likely to embarrafs it in its afcent, and drive 
it back. 

The current of air which, paffing under the mantle, 
gets into the chimney, fhould be made gradually to bend 

its. courfe upwards ; by which means it will unite quietly 
with the afcending current of fmoke, and will be lefs 

likely to check it, or force it back into the room. Now 
this may be effe&ed with the greateft eafe and certain¬ 
ty, merely by rounding off the bread of the chimney or 
back part of the mantle, indead of leaving it flat or full 

of holes and corners ; and this of courfe ought always 
to be done. 

Having thus afcertained the form and pofition of the 
new covings, the ingenious author next turns his atten¬ 

tion/^ the height to which they\ffiould be carried* 

This will depend not only on the height of the mantle,, 
butt 
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but alio, and more efpecfally, on the height of the 
bread of the chimney, or of that part of the chimney 
where the bread ends and the upright canal begins — 
The back and covings mud rife , a few inches, five or 

'fix for indance, higher than this part, otherwife the 
throat of the chimney will not be properly formed ; 
but no advantage would be gained by carrying them 

higher. 
One important circumdance refpc&ing chimney fire¬ 

places dill remains to be confidered ; arid that is the 
'grate. In placing the grate, the thing principally to 
be attended to is, to make the back of it coincide with 
the back of the fire place. But as many of the grates 
now in common ufe will be found to be too large, when 

the fire places are altered and improved, it will be ne- 
ceffary to diminifii their capacities" by filling them up 

■at the back and fides with pieces of fire done. When 
this is done, it is the front of the flat piece of fire-done 
which is made to form a new back to the grate, which 
mud be made to coincide with, and make part of the 
b3ck of the fire-place. — But in diminifhing the capaci¬ 
ties of grates with pieces of fire-done, care mud be ta¬ 

ken not to make them too narrow. 
The proper width for grates dedined for rooms of a 

middling fize will be from fix to eight inches, and their 
length may be diminifiied more or lefs according as the 
room is heated with more or lefs difficulty, or as the 
weather is more or lefs fevere. — But where the width 
of a grate is not more than five inches it will be very 

difficult to prevent the fire from going out. 
It frequently happens that the iron backs of grates 

are not vertical, or upright, but inclined,backwards.— 
When thefe grates are fo - much too wide as to render 
it neceffary to fill them up behind with fire-done, the 
inclination of the back will be of little confequence ; 
for by making the piece of done with which the width 
of the grate is to be diminifiied in the form of a wedge, 
or thicker above than below, the front of this done, 
which in effe& will become the back of the grate, may 

be made perfectly vertical; and the iron back of the 
grate being hid in the folid work of the back of the 
fire-place, will produce no effe& whatever; but if the 
grate be already fo narrow as not to admit of any dimi¬ 
nution of its width, in that cafe it will be bed to take 
away the iron back of the grate entirely, and fixing the 

grate firmly in the brickwork, caufe the back of the 

fire-place to ferve as a back to the grate. 
Where grates, which are defigned for rooms of a 

middling fize, are longer than 14 or 15 inches, it will 
always be bed, not merely to diminifii their lengths, by 

filling them up at their two ends with fire-done, but, 
forming the back of the chimney of a proper width, 
without paying any regard to the length of the grate, 
to carry the covings through the two ends of the grate 
in fuch a manner as to conceal them, or at lead to con¬ 
ceal the back corners of them in the walls of the covings. 

Had thefe dire&ions been duly attended to by the 
mafons who in Scotland pretend to alter chimneys on 
the principles of Count Rumford, we fhould not have 
obferved fo many of the grates placed by them jutting 
out beyond the mantle of the chimney ; nor of courfe 
heard fo many complaints of rooms being rendered more 
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fmokey, and the confumption of fuel increafed by thefe Chimney, 
pretended improvements. But when the grate is not 'v—1 
fet in its proper place, when its (loping iron back is 
retained, when no pains have been taken to make its 
ends coincide with the covings of the fire-place, when 
the mantle, indead of having its back rounded off, is a 
vertical plane of iron cutting the column of fmoke 
which rifes beneath it, and, above all, when the throat 
of the chimney, indead of four, is made, as we often 
fee, fourteen inches wide ; let it be remembered, that 
not one of Count Rumford’s dire&ions has been fol¬ 
lowed, and that his principles have as little to do with 
the couftruftion of fuch a chimney as with the building 
of the wall of China or the pyramids of Egypt. 

To contribute our aid to prevent thefe blunders for 
the future, we fhall here fubjoin the Count’s directions 
for laying out the work ; not to inftrudl mafons and 
bricklayers, to w hom we earnedly recommend the dudy 
of the effay itfelf (b), which contains much valuable in¬ 
formation that we have omitted ; but merely to give the 

country gentleman an opportunity of difeovering whe¬ 
ther the workmen whom he employs deviates far and 
needlefslyfrom the principles which he pretends to follow. 

When a chimney is to be altered, after taking away 
the grate and removing the rubbifh, fird draw a drafght 
line with chalk, or with a lead pencil, upon the hearth, 
from one jamb to the other,—even with the front of 
the jambs. The dotted line A B, fig. 3. may repre- 

fent this line. 
From the middle c of this line, (A B) another line 

c d is to be drawn perpendicular to it, acrofs the hearth, 
to the middle d, of the back of the chimney. 

A perfon mud now dand upright in the chimney, 
with his back to the back of the chimney, and hold a 
plumb-line to the middle of the upper part of the bread 
of the chimney (</, fig. 1.), or where the canal of the 
chimney begins to rife perpendicularly ; — taking care 
to place the line above in fuch a maimer that the plumb 
may fall on the line c d (fig. 3.) drawn on the hearth 
from the middle of the opening of the chimney in front 
to the middle of the back, and an affiftant mud mark 
the preerfe place e, on that line where the plumb falls. 

This being done, and the perfon in the chimney ha¬ 
ving quitted his dation, four inches are to be fet off on 

the line c dy from e, towards d,* and the point /, where 
thefe four inches end, (which mud be marked with 
chalk, or with a pencil), will fhow how far the new 

back is to be brought forward. 
Through /, draw the line g h parallel to the line 

A B, and this line g h will fhow the dire&ion of the 
new back, or the ground line upon which it is to be 
built. The line c f will fhow the depth of the new 
fire-place ; and if it fhould happen that c f is equal to 
about one-third of the line A B, and if the grate can 
be accommodated to the fire-place, indead of its being 
neceffary to accommodate the fire place to the grate ; 
in that cafe, half the length of the line efis to be fet 
off from/on the line gfb, on one fide to k, and on the 
other to /, and the line i k will fhow the ground line of 

the fore part of the back of the chimney. 
In all cafes where the width of the opening of the 

fire-place in front (A B) happens to be not greater, or 
not 
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(b) It cods but two (hillings ; and he mud be a poor bricklayer indeed who cannot afford to pay that fum for 
Inftru&ion in the mod important, as well as mod difficult, part of his bufinefs. 
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Chimney- not more than two or three inches greater than three 

J times the width of the new back of the chimney (/ /£), 
this opening may be left; and lines drawn from i to A, 
and from k to B, will fhow the width and pofition of 

the front of the new covings ;—but when the opening 
of the fire-place in front is ftill wider, it muft be redu¬ 
ced ; which is to be done in the following manner: 

From c, the middle of the line A B, c a and c b 
muft be fet off equal to the width of the back (i k), 
added to half its width (ft) ; and lines drawn from i to 
a, and from k to b, will fhow the ground plan of the 
fronts of the new covings. 

When this is done, nothing more will be neceffary 
than to build up the back and covings ; and if the fire¬ 
place is defigned for burning coals, to fix the grate in 
its proper place, according to the diredions already 

given.—When the width of the fire-place is>educed, 
the edges of the covings a A and b B are to make a 
finifh with the front of the jambs.—And in general it 
will be beft, not only for the fake of the appearance of 
the chimney, but for other reafons alfo, to lower the 
height of the opening of the fire-place whenever its 
width in front is diminifhed. 

A front view of the chimney, after it has been thus- 
altered, is exhibited in fig. 4. where the under part of 
the door-way is reprefen ted, as clofed by the white dot¬ 
ted lines. 

When the wall of the chimney in front, meafured 
from the upper part of the breaft of the chimney to the 
front of the mantle, is very thin, it may happen, and 
efpecially in chimneys defigned for burning wood upon 
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only four inches thick, four inches more added to it for Chimney, 
the width of the throat would have left the depth of f 
the fire-place meafured upon the hearth b c only eight 
inches, which would have been too little;—a niche c 

and e was therefore made in the new back of the fire: 
place for receiving the grate, which niche was fix inches 
deep in the centre of it, below 13 inches wide, (or 

equal in width to the grate,) and 23 inches high ; fi- 
nidling above with a femicircular arch, which, in its 
higheft part, rofe feven inches above the upper part of 

the. grate..—The door-way for the chimney-fwecper, 
which begins juft above the top of the niche, may be 
feen diftindly in both the figures 6 and 7._The fpace 
marked^, fig. 7. behind this door-way, may either be 
filled writh ioofe bricks, or may be left void.—The man¬ 
ner in which the piece of ftone f %. 7. which is put 

under the mantle of the chimney to reduce the height 
of the opening of the fire-place, is rounded off on the 
infi.de in order to give a fair run to the colnmn of fmoke 

in its afcent through the throat of the chimney, is clear¬ 
ly expreded in this figure. The plan fig. 5. and eleva¬ 
tion fig. 6. fhow.how much the width of the opening 
of the fire-place in front is diminifhed, and how the co¬ 
vings in the new fire-place are formed. 

A perfect idea of the form and dimenfion of the fire¬ 
place in its original ftate, as alfo after its alteration, may 
be had by a careful infpedion of thefe figures. 

In. chimneys, like that reprefented in figure 8, where 
the jambs A and B projed far into the room, and 
where the front edge of the marble flab 0, which forms 
the coving, does not come fo far forward as the front 1 ; j & “b” , f , uuco UUL 10 rar torward as the front 

the hearth, or upon dogs, that the depth of the chim- „ of the jambs, the workmen in conftru&ing the new co¬ 
ney, determining- according to the directions here criv^n. vimrc arp w>rv ant tn _• . i i* ney, determining according to the directions here given 
may be too fmall. 

Thus, for example, fuppofmg the v/all of the chim¬ 
ney, in front, from the upper part of the breaft of the 
chimney to the front of the mantle, to be only four 

inches, (which is feme times the cafe, particularly in 
rooms fituated near the top of a houfe), in this cafe, if 
we take four inches for the width of the throat, this 
will give eight inches only for the depth of the fire¬ 
place, which would be too little, even were coals to be 
burnt inftead of wood.—In this cafe (fays the Count) 
I fhould increafe the depth of the fire-place at the 
hearth to 1 2 or 13 inches, and fhould build the back 
perpendicular to the height of the top of the burning 
fuel (whether it be wood burnt upon the hearth or 
coals in.a grate) ; and then, doping the back by a gen¬ 
tle inclination forward, bring it to its proper place, 
that is to fay, perpendicularly under the back part of the 
throat of the chimney. This dope, (which will bring 
the back forward four or five inches* or juft as 
much as. the depth of tlie fire-place is increafed), 
though it ought not to be too abrupt, yet it ought 
to be quite finifhed at the height of eight or ten 
inches above the fire, otherwife it may perhaps caufe the 
chimney to fmoke ; but when it is very near the fire, 
the heat of the fire will enable the current of riling 
fmoke to overcome the obftacle which this dope will 
oppofe to its afcent, which it could not do fo eafily 

were.the dope fituated at a greater dillance from the 
burning fuel. 

Fig- 5> 6, and 7, fhow a plan, elevation, and fedion 
of a fire-place conftruded or altered upon this principle. 

—The wall of the chimney in front at a7 fig. 7. being. 

vings are very apt to place them,—not hfthe line * A, 
which they ought to do,-but in the line * 0, which is 
a great fault.—The covings of a chimney fhould never 
range behind the front of the jambs, however thofe * 
jambs may projed into the room ; — but it is not abfo- 
lu.tely neceffary that the covings diould make a finite 
with the internal front corners of the jambs, or that 
they fhould be continued from the back c, quite to the 
front of the jambs at A.—They may finifh in front at 
^ and b ; and fmall corners 0, a7 mav be left for pla¬ 
cing the fhovels, tongs, &c. ' ^ 

Were the new coving to range with the front’edge ' 
of the old coving 0, the obliquity of the new covincr 

would commonly be too greator the angle d 

would exceed 135 degrees, which it never Jhould do,— 
or at leaft never be more than a very few degrees. No 

inconvenience of any importance will arife from making 

the obliquity, of the covings lefs than what‘is here-re¬ 
commended ; but many cannot fail to be produced by 
making it much greater. y 

Thefe extrads, which we have made fo liberally from 
Count Rumford’s eflay on chimney fire-places, will be 
fufficient, we hope, to bring fully within the compre- 
henfion of thofe who are acquainted with pneumatics 

and pneumatic cliemiftry the principles on which chim- 
neys and fire-places fhould be conftruded ; but fuch a- 

are in a great meafure.Grangers- to thefe faiences will' 
do well t° confult the-eflay itfelf. With a benevolence 

which does him honour, the ingenious author has ex- 

preffed a wifh that his dodrines on this important fub- 

jedmay be widely propagated 5 and to encourage ar-■ 
t^s to fludy them, he lias declared to the public in-ge^ 

i>eral,;“ that as he does not intend to take out himfelfo 
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Chimney* or to fuller others to take out, any patent for any in- 
Sweepers. ventj0n Gf his which may be of public utility, all per- 

fons are at full liberty to imitate them, and vend them, 
for their own emolument, when and where, and in any 

way they may think proper.” 
Chimnet-Sweepers are a clafs of men who earn their 

fubfiftence by clearing chimneys of foot, which occa¬ 
sions them to fmoke. While chimneys continued to be 
built in fo fimple a manner, and of fuch a width as they 

are Hill obferved to be in old houfes, they were fo eafily 
cleaned that this fervice could be performed by a fer- 

vant with a wifp of draw, or a little brulhwood faften- 
ed to a rope; but after the flues, in order to fave room, 
were made narrower, or when feveral flues were united 
together, the cleaning of them became fo difficult, that 

they required boys, or people of fmall fize, accuftomed 
to that employment. The firft chimney.fweepers in 
Germany came from Savoy, Piedmont, and the neigh¬ 

bouring territories. Thefe for a long time were the 
only countries where the cleaning of chimneys was fol¬ 
lowed as a trade ; and hence Profeffor Beckmann con¬ 
cludes with great probability, that chimneys were in¬ 
vented in Italy. The Lotharingians, however, under¬ 
took the bufinefs of chimney-fweeping alfo ; on which 
account the duke of Lotharingia was ftyled the imperial 

fire-tnajler. The firft Germans who condefcended to 
clean chimneys were miners ; and the ehimney-fweepers 

in that empire ftill procure their boys from the foreft of 
Hartz, where the greateft mines are wrought. Very 
lately, and perhaps at prefent, the greater part of the 
ehimney-fweepers in Paris were Savoyards, many of them 
not above eight years of age, who, for the paltry fum 
of five fous, which they were obliged to {hare with their 
avaricious mailer, would fcramble, at the hazard of 
their lives, through a narrow funnel fifty feet in length, 
and with their befoms clean it from foot and dirt. 
At what precife period chimney-fweeping became a 

trade in England and Scotland, we have not been able 
to learn ; but among us, as well as elfewhere, young 
boys are employed in this bufinefs, who are faid to be 
very hardily treated by fellows who ftole them from the 
doors of cottages in the country. That children have 
been fometiines kidnapped by ehimney-fweepers, we can 

have no doubt; but that the pra&ice is frequent, we 
do not believe. We think however that the bufinefs 
might be wholly aboliftied ; for a narrow funnel might 
certainly, if not very crooked, be fvvept by a bundle of 
ftraw or brufliwood fattened t(/a rope, as well as one 
that is wider: and the bricks which feparate the conti¬ 
guous flues we know to be lefs injured by this method 
of fweeping, when cautioufly gone about, than by fend¬ 

ing boys up the chimneys. 
On the 4th July 1796, letters patent were grant- 

ed to Daniel Davis, of the parifli of St Giles, Middle- 
fex, for his invention of a machine, by which he pro- 
pofes to fweep and cleanfe chimneys, and extinguifh 
chimneys on fire, without any perfon going up the 
fame, as is now the pra&ice. The machine confifts of 
an apparatus of rack-work, of various lengths, which, 
by means of a hand-turn, is made to afeend the chim¬ 
ney. The lengths of the rack-work are joined toge¬ 
ther by means of mortices and tenons, with a fpring 
which holds them faft. In each length is a joint, by 
which the rack-work will accommodate itfelf to angles 

<©r turns in the flues. To the firft or uppermoft length 

416 ] CHI 
is fixed a brufti of hair, or wire, or fpungc, or other China, 
elaftic fubftance as the occafion may require. u"—“v'r" ^ 

This invention is doubtlefs well calculated to anfwer 
the purpofe intended, and may perhaps be the means of 
diminifhing the number of thofe objects of mifery, the 
unfortunate ehimney-fweepers. 

CHINA is an empire of fuch antiquity and extent, 
the laws and cuftoms of the people are fo fingular, a*nd 
the populoufuefs of the country fo very great—that it 
has attra&ed much of the attention of Europeans t;ver 
fince it was vifited in the 13th century by Marco Paulo 

the Venetian traveller. Of fuch a country it would be 
unpardonable not to give fome account in a work of 
this nature ; but we have not, in truth, much to add to 
what has been faid of China and the Chinefe in the 
Encyclopaedia Britannica. Since the article China in 
that work was publifhed, the court of Pekin has indeed 
been vifited by an embafly from Great Britain, and the 
origin of the people, as well as the antiquity of their 
empire, has been inveftigated by Sir William Jones 
with his nfual diligence ; but from his memoir, pub- 
lilhed in the fecond volume of the Afiatic Refearches, 
and from Sir George Staunton’s account of the embaf- 
fy, there is not much to be extra&ed which would be 
either amufing or iuftrudlive to our readers. 

We have already obferved from Grofier and others, 
that the Chinefe not only lay claim to the higheft an¬ 
tiquity, but even contend that their firft emperor was 
the firft man. Both thefe pofitions are controverted by 
Sir William Jones, who, though he allows the Chinefe 
empire to be very ancient when compared with the 
oldell European ftate, is yet decidedly of opinion that 
it was not founded at an earlier period than the 12th 
century before the Chriftian era ; and that the people, 

fo far from being aborigines, are a mixed race of Tar¬ 
tars and Hindoos. Pie begins his inveftigation with afk- 
ing, “ Whence came thedingular people who long had 

governed China, before they were conquered by the 

Tartars? On this problem (fays he*) four opinions * AftaticRc* 
have been advanced, and all rather peremptorily after tedA"'^* 
than fupported by argument and evidence. By a fewvo^*u 
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writers it has been urged, that the Chinefe are an origi¬ 
nal race, who have dwelled for ages, if not from eterni¬ 
ty, in the land which they now poflefs. By others, 
and chiefly by the miffionaries, it is in lifted that they 
fprung from the fame (lock with the Hebrews and the 
Arabs. A third aflertion is that of the Arabs them- 
felves, and of M. Pauw, who hold it indubitable, that 
they were originally Tartars, descending in wild clans 
from, the lleeps of Imam, : And a fourth, at leaft as 
dogmatically pronounced as any of the preceding, is 
that of the Brahmans, who decide, without allowing 
any appeal from their decifion, that the Chinas (for 
fo they are named in Sanfcrit) were Hindoos of the 
military call, who, abandoning the privileges of their 
tribe, rambled in different bodies to the north-eaft of 
Bengal; and forgetting by degrees the rites and the re¬ 
ligion of their anceftors, eftablifhed feparate principali¬ 
ties, which were afterwards united in the plains and val¬ 

leys which are now poflefled by them. 
Of thefe opinions, Sir William having very complete¬ 

ly demolifhed the firft three, proceeds to eflablifh the 
fourth, which he confiders as interefting as well as new 
in Europe. In the Sanfcrit inflitutes of civil and reli¬ 

gions duties, revealed, as the Hindoos believe, by Mehu 
the 
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China, the fon of Brahma, we find (fays he) the following curi- 

’"P~v ous paffage : ‘ Many families of the military clafs, having 

gradually abandoned the ordinances of the Veda, an(J the 
company of Brahmans, lived in a flate of degradation ; 
as the people of Pundraca and Odra, thofe of Dravira 

and Camboja, the Tavanas and Sacas, the Paradas and 
Pah lavas, the Chinas, and fome other nations.* A 

full comment on this text (continues the prefidcnt) 
would be fuperfluous; but fince the teftimony of the 
Indian author, who, though not a divine perfonage, 
was certainly a very ancient lawyer, moralift, and hifto- 
nan, is direct and poAtive, difinterefted and unfufpedt- 
ed, it would decide the queftion before us if we could 
be fure that the word China iignifies a Chinefe V Of 
this fa£t Sir William Jones took the very belt methods 
to be fatisfied. He confulted a number of Pandits fe- 
parately, who all affured him that the word China has 

no other figniftcation in Sanfcrit; that the Chinas of 
Menu fettled in a fine country to the north-eafl of 
Gaur, and to the eaft of Camarup and Napal; that they 
had long been, and ftill are, famed as ingenious artifh 
cers ; and that they (the Pandits) had themfelves feen 
old Chinefe idols, which bore a manifeft relation to the 
primitive religion of India. He then laid before one 
of the beft informed Pandits a map of Afia ; and when 
his own country was. pointed out to him, the Pandit 
immediately placed his Anger on the north-weftern pro¬ 
vinces of China, as the place where he faid the Chinas 
of Menu Aril eltebliftied themfelves. 

In the opinion or Sir William Jones, this is complete 
evidence that the Chinefe are defeended from an In¬ 
dian race ; but he does not believe that the Chinefe em¬ 
pire, as we now call it, was formed when the laws of 

Menu were colleded; and for his calling this fa& in 
q.ueltion, he offers reafons, which to us are perfectly fa- 
tisfadlory. By a diligent and accurate companion of an¬ 
cient Sanfcrit writings, he has been able to fix the period 
of the compilation of thofe law's at between iqoc and 
i > oo years before Clirift ; but by the evidence of Con¬ 
fucius lnmfelf, he proves, that if the Chinefe empire was 
formed, it could be only in its cradle in the 12th cen- 
tury before our era. In the fecond part of the work, 
in titled Liln Yu, Confucius declaies, that “although 
he, like other men, could relate, as mere leffons of mo- 
rality, the hiftories of the Aril and fecond imperial 
houfes, yet, for want, of evidence, lie could give no eer- 
tain account of them.” Now, fays Sir William, if the 
Chinefe themfelves do not pretend that any hiflorical 
monument exifted in the age of Confucius preceding 

e ol .°.f.their third dynasty, about 1100 years before 
the Christian epoch, we may jultly conclude that their 
empire was then in its infancy, and did not grow to 
maturity till fome ages afterwards. Nay, he is inclined 
to bung its origin Hill lower down. “ It was not, fays 
he, till the eighth century before the birth of our Sa¬ 

viour, that a fmall kingdom was erefted in the province 
of Sbenfi, the capital of which flood nearly in the 35th 
degree of northern latitude, and about Ave degrees to 
the weft of Si~gan. That country and its metropolis 
were both called Chin ; and the dominion of its princes 
was gradually extended to the eaft and weft. The ter¬ 

ritory of Chin, fo called by the old Hindoos, by the 
Perfians, and by the Chinefe, gave its name to a race 
of emperors, whofe tyranny made their memory fo un¬ 

popular, that the modern inhabitants of China hold the 
ouppl, Vol. I. Part II. 
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word in abhorrence, and fpeak of themfelves as the 
people of a milder and more virtuous dynafty; but it 
is highly probable that the whole nation defeended from 

the Chinas of Menu, and mixing with the Tartars, by 
whom the plains of Honan and the more fouthern pro¬ 
vinces were thinly inhabited, formed by degrees the 

race of men whom we now fee in poffeffion of the no- 
bleft empire in Alia.” 

In fupport of this opinion, which the accomplifhed 
author offers as the refult of long and anxious inqui¬ 
ries, he obferves, that the Chinefe have no ancient mo¬ 
numents from which their origin can be traced, even 
by plaufible conjecture ; that their feiences are wholly 
exotic; that their mechanic arts have nothing in them 
which any fet of men, in a country fo highly favoured 
by nature, might not have difeovered and improved; 
that their philofophy feems yet in fo rude a ftate as 
hardly to deferve the appellation ; and that their popu¬ 
lar religion was imported from India in an age compa¬ 
ratively modern. He then inftitutes a companion be¬ 
tween the mythology of the Chinefe and that of the 
Hindoos ; of which the refult is, that the former people 

had an ancient fyftemvof ceremonies and fuperftiticns 
which has.an apparent affinity with fome parts of the 
old-ft Indian worfhip. They believed in the agency 
of genii or tutelary fpirits', pn tiding over the ftars and 

the clouds; over lakes and rivers, mountains, valleys, ' 
and woods ; over certain regions and towns ; over all 
the elements, of which, like the Hindoos, they reckon¬ 
ed Ave ; and particularly over fire, the moft brilliant of 
them. To thofe deities they offered vi&irns on high 
places. And the following pafiage from one of their 
iacied books, fays Sir VVilliam, is very much in the 
ftyle of the Brahmans • * Even they who perform a 
facriAce with due reverence, cannot perfe&lv afture 

themfelves that the divine fpirits accept their oblations; 
and far i.efs can they, who adore the gods with languor 

and ofcitancy, clearly perceive their facred iilapfes.’ 
Thefe (continues the President) are imperfeft traces 
indeed, but they are traces of an affinity between the 
religion of Menu and that of the Chinas, whom he 
names among the apoftates from it ; and beAdes them, 
we difeover many other very Angular marks of relation 
between the Chinefe and the old Hindoos. 

“ This relation (he thinks) appears in the remark¬ 
able period of 432,000, and the cycle of 60 years; in 
the predilection lor the myftical number nine ; in many 
Amilar fails and great feftivals, efpccially at the folfliees 
and equinoxes ; in the obfequies, coiiAfting of rice and 
fruits offered to the manes of their anceflors ; in the 
dread of dying childlefs, left fuch offerings fliould be 
intermitted 5 and perhaps in their common abhorrence 

or objects, which the Indians carried fo far, that 
Menu himfelf, where he allows a Brahman to trade, 
if he.cannot otherwife fupport life, abfolutely forbids his 
trading in any fort of red cloths, whether linen, or 
woollen, or made of woven bark. In a word, fays Sir 

William Jones, all the circumflances which have been 
mentioned feem to prove (as far as fueli a queftion ad¬ 
mits proof), that the Chinefe and Hindoos were origi¬ 
nally the fame people ; but having been feparated near 
4000 years, they have retained few ftrong features of 
their ancient confanguity, efpeciallv as the Hindoos 
have prefervedtheir old language and ritual, while the 
Chinefe very foon loft both ; and the Hindoos have 
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conftantly intermarried among themfelves, while 
' Chinefe, by a mixture of Tartarian blood from the time 

of their firft eftablifhment, have at length formed a race 

diftind in appearance both from Indians andTartais. 
Sir George Staunton, who accompanied the Earl of 

Macartney on his embaffy to the Emperor of China, 
does not indeed diredly controvert this reasoning ; but 
overlooking it altogether, gives to the Chinefe a much 
higher antiquity than Sir William Jones is inclined to 
allow them. Taking it for granted that their cycle is 

their own, and that it is not the offspring of aftronomi- 
cal fcience, but of repeated obfervations, he feems to 
give implicit credit to tliofe annals of the empire which 
almoft every other writer lias coniidered as fabulous. 

«Next to- the (Indies which teach the economy of 

life, the Chinefe (fays he) value moil the hiftory of the 
events of their own country, which is, to them, the 
globe ; and of the celeftial movements which they had 
an opportunity of obferving at the fame time.” In re¬ 
gard to the former, he tells us, that “ from about three 
centuries before the Chriftian era the tranfadions of the 
Chinefe empire have been regularly, and without any 
intervening chafm, recorded both in official documents 

and by private contemporary writers. Nowhere had 
hiftory become fo much an objed of public attention, 
and nowhere more the occupation of learned individuals. 

Every confiderable town throughout the empire was a 
kind of univerfity, in which degrees were conferred on 
the proficient in the hiftory and government of the (late. 
Hiftorical works were multiplied throughout. The 
accounts of recent events were expofed to the correction 
of the witneffes of the fads, and compilations of former 
IranfaCtions to the criticifms of rival writers.’’ In re¬ 
gard to the latter, the movements of the heavenly bo¬ 
dies, he thinks that in no country are there ftronger in¬ 
ducements or better opportunities to watch them than 

in China ; and hence he infers, that the cycle of fixty 
years is of Chinefe formation. “ In a climate (fays he) 
favourable to aftronomy, the balance of hours beyond 
the number of days during which the fun. appeared to 
return oppofite to, and to obfeure, or to mix among the 
fame fixed ftars, might be afeertained in a fhort time ; 
and occafioned the addition of a day to every fourth 
year, in order to maintain regularity in the computation 

of time, in regard to the return of the feafons ; but ma¬ 
ny ages muft have paft before a period could have been 
difeovered, in which the unequal returns of the fun and 
moon wrere fo accurately adjufted, that at its termina¬ 

tion the new and full moons (hould return, not only to 
the fame day, but within an hour and a half of the time 
they had happened, when the period commenced. The 
knowledge of fuch a period or cycle could be obtained 
only by a multiplicity of careful and accurate obferva. 
tions. Many revolutions of thole great luminaries muft 
have been completed, and numberlefs conjunctions have 
paft over, before their returns could be afeertained to 
happen in the fame day, at the end of nineteen years. 
The fmall difference of tim$ between the returning pe¬ 
riods of this cycle, was partly leffened by the interven¬ 
tion of another of 60 yearsr or of 720 revolutions of the 
moon, which, with the fettled intercalation of 22 luna¬ 
tions, were at firft fuppofed to bring a perfed coinci¬ 
dence of the relative pofitions of the fun and moon : 
but even according to this period, every new year was 
made conftantly to recede, in a very fmall degree, which 
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Chinefe correded afterwards from time to time. 

This cycle anfvvered a double purpofe, one as an era for 
chronological reckoning, and the other as a regulating 
period for a-luni-folar year. Each year of the cycle is 

diftinguifhed by the union of two charaders, taken from 
fuch an arrangement of an unequal number of words 

placed in oppofite columns, that the fame two charac¬ 
ters cannot be found again together for fixty years. 

The firft column contains a feries of ten words, the other 
twelve ; which laft are, in fad, the fame that denote the 
twelve hours or divifions of the day, each being double 
the European hour. The firft word or charader ot 

the firft feries or column of ten words, joined to the 
firft word of the fecond feries or column of twelve, 
marks the firft year of the cycle ; and fo on until the 
firft feries is exhaufted, when the eleventh word of 
the fecond feries, combined with the firft of the firft fe- 

marks the eleventh year of the cycle ; and the 
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twelfth or laft of the fecond feries, joined with the fe¬ 
cond of the firft feries, ferves for denoting the twelfth 
year. The third of the firft feries becomes unfted in 
regular progreffion with the firft of the fecond feries, to 
mark the thirteenth year ; and proceeding by this rule, 
the firft charader in the firft and in the fecond feries can¬ 
not come again together for fixty years, or until the 

firft year of the fecond cycle. The Chriftian year 
1797 anfwers to the 54th year of the 60th Chinefe cy¬ 
cle, which afeertains its commencement to have been 
2277 years before the birth of Chrift ; unlefs it be fup¬ 
pofed that the official records and public annals of the 
empire, which bear teftimony to it, (hould all be falfi- 

fied, and that the cycle when firft eftablifhed (hould 
have been antidated ; which is indeed as little probable 

as that the period, for example, of the Olympiads {hould 
be afierted to have commenced many ages prior to the 

firft Olympic games.” . # . . 
This is a very pontive decifion againft the opinion or 

a man whofe talents and knowledge of oriental learning 
were fuch as to give to his opinions on fuch fubjeds 
the greateft weight. If the ftatements and reafonings 
of Sir George Staunton be accurate, the Chinefe em¬ 
pire muft have fubfifted.at leaft 3000 years before the. 
Chriftian era; for he fays exprefsly, that many ages 
muft have elapfed before the commencement of that 
cycle, which, according to him, commenced 2277 years 
before the birth of Chrift. But furely Confucius was 

as well acquainted with the ancient annals of his own 
country, and the credibility which is due to them, as 

any man of the prefent age, whether Chinefe or Euro¬ 
pean ; and we have feen, that he confidered none ot 
them as authentic which relate events previous to the 

I ith century before our era. Even this is by much too 
early a period at which to rely upon them with impli¬ 
cit confidence, if it be true, as Sir George informs us,, 
that the tranfadions of the empire have been regularly 
recorded only from about three centuries before the birth 
of Chrift. With refped to the cycle, there is every 
probability that it was derived from India, where we 
know that aftronomy has been cultivated as a fcience 
from time immemorial, and where, we have (hewn in 
another place, that the commencement of the cycle was 

adually antedated (fee Philosophy, tf^Encycl)We 
have therefore no hefitation in preferring Sir William 
Jones’s opinion of the origin of the Chinefe empire to 

Sir George Staunton’s; not merely becaufe we believe 
the 
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China, the former of thefe gentlemen to have been more con- 
—-v-' verfant than the latter with Chinefe literature, but be- 

caufe we think his reafoning more confident with itfelf, 
and his conclufion more confonant to that outline of 
chronology, which, as he obferves, has been fo correCtly 

traced for the lad 2000 years, that we mud be hardy 
fceptics to call it in quedion. 

There is another point very nearly related indeed 

to this, about which thefe two learned men likewife 
differ. Sir George'Staunton informs us, that u no ac¬ 
counts of a general deluge are mentioned in Chinefe liif- 
toiy.” Sir William Jones, on the other hand, in the 
difcourfe already quoted, fays, “ I may affure you, af¬ 
ter full inquiry and confideration, that the Chinefe, like 
the Hindoos, believe this earth to have been wholly co¬ 
vered with water, which, in works of undifputed au¬ 
thenticity, they defcribe as flowing abundantly, then fub- 

Jidingy and feparating the higher from the lower age of 
mankind” To which of thefe authors (hall we give 
credit ? The high antiquity which Sir George Staun¬ 
ton afiigns to the Chinefe empire, rendered it neceffary 
for the perfons from whom he drew his information to 
get quit by any means of an univerfal deluge. The 
fydem of Sir William Jones left him at liberty to admit 

. or rejeCt that event according to evidence ; and in ad¬ 
dition to the authentic records to which he appeals, he 
quotes a mythological fable of the Chinefe, and another 
of the Hindoos, which, though he lays not upon them 
any great ftrefs, appear to us, when compared together, 
not only to corroborate his opinion refpeCting the de- 
feent of the Chinefe, but likewife to fiievv that both 
they and the Hindoos have preferved a traditionary ac¬ 
count of the deluge very fimilar to that which is give** 
by Mofes. The Chinefe fable is this : “ The mother 
of Fo-hi was the daughter of Heaven, furnamed Flower- 
loving ; and as the nymph was walking alone on the 
brink of a river with a fimilar name, (lie found herfelf 
on a hidden encircled with a rainbow ; foon after which 
(lie became pregnant, and at the end of twelve years 
was delivered of a fon, radiant as herfelf, who, among 
other titles, had that of Sui, or the Star of the Tear.” 
In the mythological fyflem of the Hindoos, “ the nymph 
Rohini, who prdides over the fourth lunar inanfion, 
was the favourite miftrefs of Soma or the Moon, among 
whofe numerous epithets we find Cumudanayaca, or de¬ 
lighting in a fpecies of waterflower that bloffoms at 
night. The offspring of Rohini and Soma was Bud- 

ha, regent of a planet ; and he married Ila, whofe fa¬ 
ther was preferved in a miraculous ark from an uni¬ 
verfal deluge.” The learned prefident (hews, that, ac¬ 
cording to the Brahams,, the Chinefe defeended from 
Buda ; and he mentions a divine perfonage connected 
with the Chinefe account of the birth of Fo-hi, whofe 

name was Niu-va. But if all thefe civcuinilances be 
laid together, it will appear, we think, pretty evident, 
that the two ancient nations have preferved the fame 
tradition of an univerfal deluge, and that the Chinefe 

rainbow and Niu-va, with the Indian ark,.point to 
the flood of Noah. 

To Sir William Jones’s derivation of the Chinefe 
from the Hindoos, the flate of their written language 
may occur as an objection ; for fince it is certain that 
alphabetical characters were in ufe among the Hindoos 

before the period at which he places the emigration of 

the Chinas, how, it may be allied, came thefe people to 

drop the mode of writing praClifed by their anceftors, China, 

and to adopt another fo very inconvenient as that which 
the Chinefe have ufed from the foundation of their em¬ 
pire ? The force of this objection, however, will vanifli, 
when it is remembered that the Chinas were of the mi- 
litary call ; that they had gradually abandoned the or¬ 
dinances of the Veda, and were in confequence degra¬ 
ded ; and that they rambled from their native country 
in fmall bodies. We do not know that the military caft: 
among the Hindoos was ever much devoted to letters ; 
there is the gieatetl reafon to believe that a degraded 

caft would negleCt them ; and it is certain that fmall 
bodies of men, wandering in deferts, would have their 
time and their attention completely occupied in provi¬ 
ding for the day that was paffing over them. That the 

Chinas ftiould have forgotten the alphabetical charac¬ 
ters of the Hindoos, is therefore fo far from being an 
objection to Sir William Jones’s account of their de- 
feent from that people, that it is the natural confequence 

of the manner in which he fays they rambled from Ilin- 
doftan to the northern provinces of what now confti- 
tutes the Chinefe empire. 

Of the origin of the characters which are ufed by 
this Angular people, the illuftrious preiident of the Afi- 
atic Society gives the following account from a Chinefe 
writer named Li Yang Ping. “ The earlieft of them 
were nothing more than the outlines of vifible objeCts, 
earthly and celeftial ; but as things merely intellectual 
could not be expreffed by thofe figures, the gramma¬ 
rians of China contrived to reprefent the various opera¬ 

tions of the mind by metaphors drawn from the pro¬ 
ductions of nature. Thus the idea of roughnefs and of 
rotundity, of motion and reft, were conveyed to the e) e 
by iigns reprefeniing a mountain, the fky, a river, and 
the earth. The figures of the fun, the moon, and the 
ftars, differently combined, flood for fmoothnefs and 
fplendour, for any thing artfully wrought, or woven 
with delicate workmanftiip. Extenfion, growth, in- 
create, and many other qualities, were painted in cha¬ 
racters taken from the clouds, from the firmament, and 
from the vegetable part of the creation. The different 
ways of moving, agility and flownefs, idlenefs and di¬ 

ligence, were expreffed by various infeCts, birds, fifties, 
and quadrupeds. In this manner paflions and fentiments 
were traced by the pencil, and ideas not fubjeCt to any 
fenfe were exhibited to the fight ; until by degrees new 
combinations were invented, new expreffions added, 
the characters deviated imperceptibly from their primi¬ 
tive fhape, and the Chinefe language became not only 
clear and forcible, but rich and elegant in the higheft 
degree % 

. of language, both as it is fpoken and written, FfliZbl, 
Sir George Staunton has given an account fo clear and vol ii. Me- 
fcientific, that it will undoubtedly place him high among moir I3» 
the mofl eminent philologifts of the 18th century. As 
there is nothing relating to the Chinefe more wonder¬ 
ful than their language, which is very little underftood 
in Europe, we (hall lay before our readers a pretty co¬ 
pious abftraCt of what he fays on the fubjeCt, referring 
them for further information to his account of Lord 
Macartney’s Embaffy to China. 

“ In the Chinefe tongue (fays Sir George) the 
founds of feveral letters in 1110ft alphabets are utterly 

unknown, and the organs of a native advanced in life 

cannot pronounce them. In endeavouring to utter the 

3 G 2 founds 

1 
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R and X, for inftance, tie fubftitutes has arifen, according to him, from the. fmgular habits 

fome other founds to which the fame organ has been 
accuftomed ; L for R, and, as we have reafon to think 
from fome expreflions of Sir William Jones's, F for B. 
The nice diftinXions between the tones and accents of 
words nearly refembling each other in found, but vary¬ 
ing much in fenfe, require a nicety of ear to diftinguifh, 

and of vocal powers to render them exactly. Synony¬ 
mous words are therefore frequently introduced in Chi- 
nefe dialogue to prevent any doubt about the intended 
fenfe ; and if in an intricate difcuflion any uncertainty 
fhould Hill remain as to the meaning of a particular ex- 
prefTion, recourfe is had to ’the ultimate criterion of tra¬ 
cing with the finger in the air, or otherwife, the form 
of the character, and thus afcertaining at once which 
was meant to be expreffed. In a Chinefe fentence 
there is no marked diftinXion of fubftantives, adjeXives, 
or verbs ; nor any accordance or gender, number, and 
cafe. A very few particles denote the pall, the pre- 
fent, and the future; nor are thofe auxiliaries employ¬ 
ed when the intended time may be otherwife inferred 
with certainty. A Chinefe who means to declare his 
intention of departing to-morrow, never fays that he 
will depart to-morrow ; becaufe the exprefiion of the 
morrow is fuflicient to afcertain that his depaiture mull 
be future. The plural number is marked by the addi¬ 
tion of a word, without which the fmgular always is im¬ 
plied. Neither the memory nor the organs of fpeech 
are burthened with the pronunciation of more founds 

to exprefs ideas than are abfolutely neceffary to mark 
their difference. The language is entirely monofyllabic. 
A fingle fyliable always expreffes a complete idea. Each 
fyllable may be founded by an European confonant pre¬ 
ceding a vowel, fometimes followed by a liquid. Such 
an order of words prevents the harftmefs of fucceeding 
confonants founding ill together ; and renders the lan¬ 
guage as foft and harmonious as the Italian is felt to 

be, from the rarity pf confonants, and the frequency of 

its vowel terminations. 
« The names or founds, by which men may be firft 

fuppofed to have diftinguifhed other animals, when oc- 
cafion offered to defignate them in their abfence, were 
attempts at an imitation of the founds peculiar to thofe 

beings ; and ft ill, in Chinefe, the name, for example, of 
a cat, is a pretty near refemblance of its ufual cry. . It 
occurred as naturally to endeavour, m fpeaking^to imi¬ 

tate the voice, if praXicable, as it was in writing to 
fketch a rude figure of the objeX of defcription. It is 
obfervable, that the radical words of molt languages, 
feparated from the fervile letters which mark their in¬ 
flexions, according to their conjugations or declenfions, 

are monofyllabic. A part of each radical word is re¬ 
tained in compofition to denote the meaning and etymo¬ 
logy of the compound, which thus becomes poly fy 11a- 
bic ; but the Chinefe grammarians, aware of the incon¬ 
venience refulting from the length and cpmplieation of 
founds, confined all their words, however fignificant of 
combined ideas, to fingle founds ; and retained only in 
writing, fome part at leaft of the form of each charac¬ 
ter denoting a Ample idea, in the compound characters 

conveying complex ideas.” 
This is a very plaufible, and perhaps the true, ac¬ 

count of the monofyllabic form of the Chinefe language ; 
but it is proper to Hate the different account which is 

given of this peculiarity by Sir William Jones. “ It 

of the people ; for though their common tongue be fo 
mufically accented as to form a kind of recitative, yet it 
wants thofe grammatical accents without which all hu¬ 
man tongues would appear monofyllabic. Thus Amitay 
with an accent on the firft fyllable, means, in the San- 
fcrit language, immeafurable, and the natives of Bengal 
pronounce it Omito ; but when the religion of Buddha, 

the fon of Maya, was carried into China, the people of 
that country, unable to pronounce the name of their 
new god, called him Foe, the fon of Mo-ye ; and di¬ 
vided his epithet Amita into three fyllables O-mi-to, 

annexing to them certain ideas of their own, and ex¬ 
prefling them in writing by three diftinX fymbols. 
Hence it is that they have clipped tlicir language into 
monofyllables, even when the ideas expreffed by them, 
and the written fyinbols for thofe ideas, are very com¬ 

plex.” 
“ In the Chinefe language Sir George Staunton in¬ 

forms us, that there is a certain order, or fettled fyntax, 
in the fuccefiion of words in the fame fentence ; a fuc- 
cefiion fixed by cuftom, differently in different langua¬ 
ges, but founded on no rule or natural order of ideas, as 
has been fometimes fuppofed ; for though a fentence 
confifts of feveral ideas, to be rendered by feveral words, 
thefe ideas all exift and are conneXed together in the 
fame inftant ; forming a piXure or image, every part of 
which is conceived at once. The formation of Chinefe 
fentences is often the fimpleft and moll artlefs poflible, 
and fuch as may naturally have occurred at the origin of 
fociety. To interrogate, for example, is often at leaft ' 

to require the folution of a queftion, whether the fub- 
jcX of doubt b<^ in a particular way or the contrary ; 
and accordingly a Chinefe inquiring about his friends 
health, will fometimes fay, hou, poo hou ? The literal 
meaning of which words is, u well, not well r” A Ample 
charaXer repeated Hands fometimes for* more than one 
of the objeXs which fingly it denotes, and fometimes 
for a colleXive quantity of the fame thing. The cha¬ 
raXer of moo fingly is a tree, repeated is a thicket, and 

tripled is a foreft. 
“ In Chinefe there are fcarcely fifteen hundred dif- 

tinX founds. In the written language there are at 
leaft eighty thoufand charaXers or different forms of 
letters, which number divided by the firft gives nearly 
fifty fenfes or charaXers upon an average to every found 
expreffed ; a difproportion, however, that gives more 
the appearance than the reality of equivocation and un¬ 

certainty to the oral language of the Chinefe. 
“ The charaXers of the Chinefe language were ori¬ 

ginally traced, in moll inftances, with a view to exprefs 
either real images, or the allegorical figns of ideas : a 
circle, for example, for the fun, and a crefcent for the 
moon. A man was represented by an ereX figure, with 
lines to mark the extremities. It was evident that the 
difficulty and tedioufnefs of imitation will have occa- 
fioned foon a change to traits more Ample and more 
quickly traced. Of the entire figure of a man, little 
more than the lower extremities only continue to be 
drawn, by two lines forming an angle with each other. 
A faint refemblance, in fome few inftances. Hill remains 
of the original forms in the prefent hieroglyphic charac¬ 
ters ; and the gradation of their changes is traced in 

feveral Chinefe books. Not above half a dozen of the 
prefent charaXers confift each of a fingle line ; but moft: 
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China, of them con fill of many, and a few of fo many as feventy 
—v- different ftrokes. The form of thofe characters has not 

been fo flux as the found of words, as appears in the in- 
fiance of almofl all the countries bordering on the Chi- 
nefe Sea or Eallern Alia, where the Chinefe written, 

but not the oral language, is underflood; in like man¬ 
ner, as one form of Arabic figures to denote numbers, 
and one fet of notes for mufic, are uniform and intel¬ 
ligible throughout Europe, notwithflanding the variety 
of its languages. 

“ A certain order or connection is to be perceived in 
the arrangement of the written characters of the Chi¬ 
nefe ; as if it had been formed originally upon a fyftem 
to take place at once, and not grown up, as other lan¬ 
guages, by flow and diflant intervals. Upwards of two 
hundred characters, generally con lifting each of a few 
lines or flrokes, are made to mark the principal objeCts 

of nature, foinewhat in the manner of Bffhop Wilkin’s 
divifions, in his ingenious book on the fubjeCl of uni- 
verfal language, or real character. Thefe may be con- 
fidered as the genera or roots of language, in which 
every other wortPor fpecies, in a fyflematic fenfe, is re¬ 
ferred to its proper genus. The heart is a genus, of 
which the reprefentation of a curve line approaches 
fomewhat to the form of the objeCt; and the fpecies 
referable to it include all the fentiments, pafllons, and 
affeCtions, that agitate the human breafl. Each fpecies 
is accompanied by fome mark denoting the genus or 
heart. Under the genus hand are arranged moft trades 

. and manual exercifes. Under the genus word every 
fort of fpeech, fludy, writing, underflanding, and de¬ 
bate. A horizontal line marks a unit; crofled by an¬ 
other line it Hands for ten, as it does in every nation 
which repeats the units after that number. The five 
elements, of which the Chinefe fuppofe all bodies in 
nature to be compounded, form fo many genera, each 

of which comprehends a great number of fpecies under 
it. . As in every compound charaCler or fpecies, the 
abridged mark of the genus is difcernible by a fludent 
of that language, in a little time he is enabled to con- 
fult the Chinefe dictionary, in which the compound cha¬ 
racters or fpecies are arranged under their proper gene¬ 
ra. The characters of thefe genera are placed at the 
beginning of the dictionary, in an order which, like 
that of the alphabet, is invariable, and foon becomes fa¬ 
miliar to the learner. The fpecies under each genus 
follow each other, according to the number of flrokes 
of which each confifts, independently of the one or few 
which ferve to point out the genus. The fpecies want¬ 
ed is thus foon found out. Its meaning and pronuncia¬ 
tion are given through other words in common ufe; the 
flrfl of which denotes its fignifleation and the other its 
found. When no one common word is found to render 
exaClly the fame found, it is communicated by two 
words with marks, to inform the inquirer that the con- 
fonant of the firfl word and the vowel of the fecond join¬ 
ed together form the precife found wanted. 

“ The compofition of many of the Chinefe charac¬ 
ters often difplays confiderable ingenuity, and ferves al- 
fo to give an infight into the opinions and manners of 

the people. The charaCler expreflive of happinefs in¬ 
cludes abridged marks of land, the fource of their phy- 
fical, and of children that of their moral, enjoyments. 
This charaCler, embellifhed in a variety of ways, is hung 

up almoft in every houfe. Sometimes written by the 

hand of the emperor, it is fent by him as a compliment, 

which is very highly prized, and fuch as he was pleafed 
to fend to the embaflador. 

“ Upon the formation, changes, and allufions of 
compound characters, the Chinefe have publifhed many 

thoufand volumes of philological learning. Nowhere 
does criticifm more abound, or is more ftriCl. The in¬ 
troduction or alteration of a charaCler is a ferious un¬ 
dertaking, and feldom fails to meet with oppofition. 

The moll ancient writings of the Chinefe are llill claffi- 
cal amongll them. The language feems in no inllance 
to have been derived from or mixed with any other. 
The written feems to have followed the oral language 
foon after the men who fpoke it were formed into a re¬ 
gular fociety. Though it is likely that all hieroglyphi- 
cal languages were originally founded on the principles 
of imitation, yet in the gradual progrefs towards arbi¬ 
trary forms and founds, it is probable that every fociety 

deviated from the originals in a different manner from 
the others *, and thus for every independent fociety 
there arofe a feparate hieroglyphic language. As foon. 
as a communication took place between any two of 
them, each would hear names and founds not common 
to both ; each reciprocally would mark down fuch 
names in the founds of its own charaClers, bearing, as 
hieroglyphics, a different fenfe. In that inftance, ccn- 
fequently, thofe charaClers ceafe to be hieroglyphics, 
and were merely marks of found. If the foreign founds 
could not be exprefled but by the ufe of a part of two 
hieroglyphics, in the manner mentioned to be ufed fome- 
times in Chinefe dictionaries, the two marks joined to¬ 
gether become in faCt a fyllable. If a frequent inter- 
courfe fliould take place between communities fpeaking 
different languages, the necefllty of ufing hieroglyphics 
merely as marks^of found would frequently recur. The 
praClice would lead imperceptibly to the difeovery that, 
with a few hieroglyphics, every found of the foreign 
language might be exprefled ; and the hieroglyphics 
which anfvveied belt this pnrpofe, either as to exaClnefs 
of found or fimplicity of form, would be feleCted for 
this particular ufe; and fervingas fo many letters, would 
form in fad together what is called an alphabet. Thus, 

the paflage from hieroglyphic to alphabetic writing may 
naturally be traced, without the necefllty of having 
4 recourfe to divine inflrudioii, as fome learned men 
have conjeClured, on the ground that the art of writing 
by an alphabet is too refined and artificial for untutored 
realon.’ 

“ The Chinefe printed charaCler is the fame as is 
ufed in moft manuferipts, and is chiefly formed of 
ftraight lines in angular pofitions, as moft letters are in 
Eaftern tongues, especially the Sanfcrit; the charaClers 
of which, in fome inflanees, admit of additions to their 
original form, producing a modification of the fenfe. 
A running hand is ufed by the Chinefe only on trivial 
occafious, or for private notes, or for the eafe and ex¬ 
pedition of the writer; and differs from the other as 

much as an European manufeript does from print. 
There are books with alternate columns of both kinds 
of writing for their mutual explanation to a learner. 

. “ The principal difficulty in the lludy of Chinefe wri¬ 
tings arifes from the general exclufion of the auxiliary 
particles of colloquial language, that fix the relation be¬ 

tween indeclinable words, fuch as are all thofe of the 

Chinefe language. The judgment mult be conflantly 

e&ercifed 

China. 
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China, exercifed by the iludent, to fupply the abfence of fuch 

afliftance. That judgment mull be guided by attention 
to the manners, cuftoms, laws, and opinions of the Chi- 
nefe, and to the events and local circumflances of the 
country, to which the allufions of language perpetually 

refer. If it in general be true, that a language is diffi¬ 
cult to be underftood in proportion to the diftance of 

the country where it is fpoken, and that of him who 
endeavours to acquire it, becaufe in that proportion 

the allufions to which language has continually recourfe 
are lefs known to the learner, fome idea may be concei¬ 
ved of the obftaeles which an European may expedl to 
meet in reading Chinefe, not only from the remotenefs 

of fituation, but from the difference between hiin and 
the native of China in all other refpe&s. The Chinefe 
characters are in fa£t (ketches or abridged figures, and 
a fentence is often a firing of metaphors. The diffe¬ 
rent relations of life are not marked by arbitrary founds, 
{imply conveying the idea of fuch connexion ; but the 
qualities naturally expected to arife out of fuch relations 
become frequently the name by which they are refpe&ive- 
ly known. Kindred, for example, of every degree is thus 
diflinguifhed with a minutenefsunknown in other langua¬ 

ges. That of China has diftinCl chara&ers for every modi¬ 
fication known by them of obje&s in the phyfical and in¬ 
tellectual world. AbflraCt terms are nootherwife expref- 

ied by the Chinefe than by applying to each the name of 
the moll prominent objects to which it might be applied, 
which is like wife indeed generally the cafe of other lan¬ 
guages. Among the Latins the abftraCt idea of virtue, 
for example, was expreffed under the name of valour or 
(Length {virtus), being the quality moll etleemed a- 

motig them, ns filial piety is confidered to be in China. 
The words of an alphabetic language being formed of 
different combinations of letters or elemental parts, each 

with a diflindt found and name, whoever knows and 
combines thefe together, may read the words without 
the lead knowledge of their meaning ; not fo hierogly¬ 

phic language, in which each character has indeed a 
found annexed to it, but which bears no certain relation 
to the unnamed lines or flrokes of which it is compo- 
fed. Such charadler is fludied and heft learned by be¬ 
coming acquainted with the idea attached to it; and a 
dictionary of hieroglyphics is lefs a vocabulary of the 
terms of one language with the correfpondent terms in 
another, than an encyclopaedia containing explanations 

of the ideas themfelves reprefented by fuch hierogly¬ 
phics. In fuch fenfe only can the acquifition of Chi¬ 
nefe words be juflly faid to engrofs moil of the time of 
men of learning among them The knowledge of the 
fciences of the Chinefe, however imperfeCt, and of their 
mofl extenfive literature, is certainly fufficient to oc¬ 

cupy the life of man. Enough, however, of the lan¬ 
guage is imperceptibly acquired bv every native, and 
may, with diligence, be acquired by foreigners for the 
ordinary concerns of life ; and further improvements 

mufl depend on capacity and opportunity.” 
Next to the lingular ilruClure of the oral and writ¬ 

ten language of the Chinefe, there is perhaps nothing 
in their hiflory more furprifing to a native of Europe 
than the number of the people, and the means by which 
they contrive to procure fubfiflence, without foreign 
trade, in a country fo cronded, and at the fame time 
not everywhere of a fertile foil. In the Encyclopaedia, 

the population of this vafl empire is Hated, from M. 

Grofier, at 200 millions: but great as this is, when com¬ 
pared with the population of every other extenfive coun¬ 

try, it appears to be far {hort of the truth. Sir George 
Staunton has publifhed a flatement, taken from one of 

the public offices in the capital, and given by a great 
and refpeCiable manderin to Lord Macartney, in which 
it is fhewn that China Proper contains not fewer than 
333 millions of inhabitants. As the extent of the coun¬ 
try is 1,297,999 fquare miles, there are of courfe very 
near 260 inhabitants to every fquare mile; and of thefe 
miles a very confiderable proportion confjfts of nothing 
but barren rocks. That this account is accurate there 
can be little doubt; for the extent of the provinces was 
afeertained by aflronomical obfervations, as well as by 
admeafurement; and the number of individuals is regu¬ 
larly taken in each divifion of a diflridl by a tything- 
nian, or every tenth mailer of a family. Thefe returns 
are colledled by officers rdident fo near as to be capable 
of correcting any grofs mffiake, and are all lodged in 

the great regifler of Pekin. 
For this exceffive population our author fatisfa&orily 

accounts. Celibacy, fays he, is rare in China, even in 
the military profeffion ; the marriages are prolific as 
well as early, and the influence of the patriarchal fy- 
ftem, to be explained afterwards, is fuch, that a man's 
children adds to his wealth. It is reckoned a diferedit 
to be without offspring; and they who have none adopt 
others, who become theirs exclusively. In cafe of mar¬ 
riage, fhould a wife prove barren, a fecond may be cf- 
poufed in the lifetime of the firft. The opulent, as in 
moll parts of the Eall, are allowed, without reproach, 
to keep concubines, of whom the children are confider¬ 
ed as being thofe of the legitimate wife, and partake in 
all the rights of legitimacy. “ Accidents fometimes of 
extraordinary drought, and fometimes of exceffive in¬ 
undations, occafionally produce famine in particular 

provinces, and famine difeafe ; but there are few drains 
from moral caufes either of emigration or foreign navi¬ 
gation. The number of manufactures, whole occupa¬ 
tions are not always favourable to health, whole con- 
ftant confinement to particular fpots, and fometimes in 
a clofe or tainted atmofphere, mull be injurious, and 
whofe refidence in towns expofes them to irregularities, 
bears but a very fmall proportion to that of hufband- 
men in China. In general there ftems to be no other 
bounds to Chinefe populoufnefs than thofe which the 

neceffity of fubfillence may put to it. Thefe bounda¬ 
ries are certainly more enlarged than in other countries. 
The whole furface of the empire is, with trifling excep¬ 
tions, dedicated to the production of food for man 
alone. There is no meadow, and very little palture ; 
nor are fields cultivated in oats, beans, or turnips, for 
the fupport of cattle of any kind, hew parks or plea- 
fure grounds are feen, excepting t hofe belonging to the 
emperor. Little land is taken up for roads, which are 
few and narrow, the chief communication being by wa- 

There are no commons, or lands fullered to lie 

China. 

ter. 
walle by the negled, or the caprice, or for the fport of 
great proprietors. No arable land lies fallow. *1 he 
foil, under a hot and fertilizing fun, yields annually, in 
mofl inllances, double crops, in confequence of adapt¬ 

ing the culture to the foil, and of fupplying its defe&s 
by mixture with other earths, by manure, by irriga¬ 
tion, by careful and judicious indullry of every kind. 

The labour of man is little diverted from that induflry 
to 
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China, to minifter to the luxuries of the opulent and power- 
—“V^^ful, or in employments of no real ufe. Even the fol- 

diers of the Chinefe army, except during the fhort in¬ 
tervals of the guards which they are called to mount, 
or the exercifes, or other occafional fervices which they 
perform, arc moftly employed in agriculture. The quan¬ 
tity of fubfilienee is increafed alfo, by converting more 
fpecies of animals and vegetables to that purpofe than is 
ttfual in other countries. And even in tile preparation of 
their food the Chinefe have economy and management.” 

The government of China is defpotic; and it is a cu¬ 
rious fpe&acle to behold fo large a proportion of the 
whole human race, connefted together in one great fy¬ 
ftem of polity, fubmittiag quietly, and through fo con- 
fiderable an extent of country, to one great Sovereign ; 
and uniform in their laws, their manners, and their lan¬ 
guage, but differing efTentially in each of tbefe refpe&s 
from every other portion of mankind : and neither de- 
firous of communicating with nor forming any defigns 
agaiirft the reft of the world. To produce fuch a phe¬ 
nomenon, many caufes muft be combined ; but perhaps 
the principal are to be found in the patriarchal fyftem 
already mentioned, in the laws and cuftoms of the em¬ 
pire, and in the belief that the emperor is the vicege¬ 
rent of heaven, and guided in all his actions by divine 
infpiration. 

The patriarchal fyftem is founded upon that filial 
piety which the philofophers of China have uniformly 
reprefented as the greateft of human virtues. Thefe 
fages, while they fuccefsfully inculcated this duty, have 
left parental affe&ion to its own natural influence; and 
hence in China parents are lefs frequently negle&ed than 
infants are expofed. The laws of the empire, to cor¬ 
roborate the difpofition to filial obedience, furnifh an 
opportunity for punifhing any breach of it, by leaving 
a man’s offspring entirely within his own power: and 
hence it is, that with the poor, marriage, as we have 
faid, is a meafure of prudence ; becaufe the children, 
particularly the fons, are bound to maintain their pa¬ 
rents. 

A Chinefe dwelling is generally furrounded by a 
wall fix or feven feet high. Within this inclofure a 
whole family, of three generations, with all their refpec- 
tive wives and children, will frequently be found. One 
(mail room is made to ferve for the individuals of each 
branch of the family, fleeping in different beds, divided 
only by mats hanging from the ceiling. One common 
room is ufed for eating. 

The prevalence of this cuftom, of retaining the feve- 
ral branches of a family under the fame roof, is attend¬ 
ed with important effe&s. It renders the younger tem¬ 
perate and orderly in their conduft under the authority 
and example of the older ; and it enables the whole to 
Itibfift, like foldiers in a mefs, with more economy and 

advantage. As the venerable patriarch of each habi¬ 
tation prefides over his defendants with the authority 
of a magiftrate; fo the different orders of magiftrates 
are, in their different diftri&s and provinces, looked up 
to with the veneration due from children to their pa¬ 

rents, while the emperor is revered as the grand patri¬ 
arch of the whole empire. 

Another thing which contributes much to the per¬ 

manency of the government and the internal quiet of the 
empire is, that in China there is lefs inequality in the 

fortunes than in the conditions of men. The ancient 
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annals of the empire teftify, that for a long period of 
time, the earth, like the other elements of nature, was 

enjoyed by its inhabitants almoft in common. Their 
country was divided into fmall equal diftridts ; every 
diftridl was cultivated conjointly by eight labouring fa¬ 
milies, which compofed each hamlet j and they enjoyed 
all the profit of their labours, except a certain {hare 

of the produce referved for public expences. It is 
true, indeed, that after a revolution, deplored in all the 
Chinefe hiftories, which happened prior to the Chriftian 

era, the ufurper granted all the lands away to the part¬ 
ners of his victories, leaving to the cultivators of the 
foil a fmall pittance only out of the revenue which it 
yielded. Property in land alfo became hereditary : but 
in procefs of time, the moft confiderable domains were 
fubdivided into very moderate parcels by the fucceflive 
dfftribution of the pofleffions of every father equally 
among all his fons ; the daughters being always married 
without dower. It very rarely happened that there 
was but an only fon to enjoy the whole property of his 
deceafed parents ; and it could fcarcely be increafed by 
collateral fucceffion. 

From the operations of all thofe caufcs, there was a 
conftant tendency to level wealth ; and few could fuc- 
ceed to fuch an accumulation of it as to render them 

independent of any efforts of their own for its increafe* 
Befides, wealth alone confers in China but little impor¬ 
tance, and no power ; nor is property, without office, 
always perfe&ly fecure. There is no hereditary digni¬ 
ty, which might accompany, and give it pre-eminence 
and weight. The delegated authority of government 
often leans more heavily on the unprote&ed rich than 
on the poor, who are lefs objedls of temptation. And 
it is a common remark among the Chinefe, that for-> 
tunes, either by being parcelled out to many heirs, or 
by being loft in commercial fpeculations, gaming, or 
extravagar.ee, or extorted by opprefiive mandarines, fel- 
dom continue to be confiderable in the individuals of the 
fame family beyond the third generation. To afeend 
again the ladder of ambition, it is neceflary, by long 
and laborious ftudy, to excel in the learning of the coun¬ 

try, which alone qualifies for public employments. 
There are properly but three clafles of men in China: 

men of letters, from whom the mandarines are taken ; 
cultivators of the ground ; and mechanics, including 
merchants. In Pekin alone is conferred the higheft de¬ 
gree of literature upon thofe who, in public exami¬ 
nations, are found moft able in the fciences of morality 
and government as taught in the ancient Chinefe wri¬ 
ters ; with which ftudies the hiftory of their country is 

intimately blended. Among fuch graduates all the ci¬ 
vil offices in the ftate are diftributed by the emperor ; 
and they compofe all the great tribunals of the empire. 
The candidates for thofe degrees are fuch as have fuc- 
ceeded in fimilar examinations in the principal city of 
each province. Thofe who have been chofen in the 
cities of the fecond order, or chief town of every dif- 

tri&'in the province, are the candidates in the provin¬ 
cial capital. They who fail in the firft and fecond 

cjades have ftill a claim on fubordinate offices, propor¬ 
tioned to the clafs in which they had fucceeded. Thofe 

examinations are carried on with great folemnity, and 
apparent fairnefs. Military rank is likewife given t,o 

thofe who are found upon competition to excel in the. 

military art, and in warlike exercifes. This diftribution 

off 
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China, of offices contributes greatly to the peace of the em« 
—v-' pire ; for the people cheerfully fubmit to the authority 

of thofe whom they believe to be placed over them by 
merit alone, and love that conftitution which brings 

within the reach of the meanell fubjed, who has talents 
and induftry, the higheft Ration next to the fupreme. 

« The gi eat tribunals are fituated, for the fake of con¬ 
venience, near the fouthern gate of the imperial palace 
at Pekin. To them accounts of all the tranfatftions of 
the empire are regularly tranfmitted. They are coun¬ 

cils of reference from the emperor, to whom they report 
every bufmefs of moment, with the motives for the ad¬ 
vice which they offer on the occafion. There is a body 
of dodlrine coinpofed from the writings of the carliefl 
ages of the empire, confirmed by fubfequent lawgivers 
and fovereigns, and tranfmitted from age to age with 
increafing veneration, which ferves as rules to guide the 

judgment of thofe tribunals. This do&rine feems, in¬ 
deed, founded on the broadeft bafis of univerfal juftice, 

and on the purefl principles of humanity. 
“ His imperial majefly generally conforms to the fug- 

geftious of thofe tribunals. One tribunal is dire&ed to 
confider the qualifications of the different mandarines 
for different offices, and to propofe their removal when 
found incapable or unjufl. One has for objed the pre- 
fervation of the manners or morals of the empire, call¬ 
ed by Europeans the tribunal of ceremonies, which it re¬ 
gulates on tiic maxim, that exterior forms contribute 
not a little to prevent the breach of moml rules. The 
mofl arduous and critical is the tribuml of cenfors $ 
taking into its confideration the effedl of fublifling laws, 
the conduct of the other tribunals, of the princes and 
great officers of Rate, and even of the emperor himfelf. 
There are feveral fubordinate tribunals ; fuch as thofe 
of mathematics, of medicine, of public works, of litera¬ 
ture and hi Rory. The whole is a regular and confident 
fyRem, eftahliihed at a very early period, continued 
with little alterations through every dynady, and re¬ 
vived after any interruption from the caprice or paffions 
of particular princes. Whatever deviation has been 
made by the prefent family on the throne, ariles from 

the admiffion of as many Tartars as Chiuefe into every 
tribunal,” The opinions of the former are fuppofed al¬ 
ways to preponderate; and many of them are indeed 
men of confiderable talents and Rrength of mind, as 
well as poliffied manners. They are, however, in gene¬ 
ral, fitter for military than civil offices. The hardy edu¬ 
cation, the fougli manners, the active fpirit, the wan¬ 
dering difpofition, the loofe principles, and the irregu¬ 
lar conduct, of the Tartar, lit him better for the pro- 
feffion, pradftice, and purfuits of war, than the calm, re¬ 
gulated, and domefiic habits of the Chincfe. Warriors 
feem naturally the offspring of Tartary, as literati are 
of China; and accordingly, the principal military com¬ 
mands are conferred on natives of the former country, 
as, with many exceptions indeed, the chief civil offices 

are on thofe of the latter. 
A military mandarin, who was much with Lord Ma¬ 

cartney, and was himfelf a diffinguiffied officer, affert- 
ed that, “ including Tartars, the total of the army in 
the pay of China amounted to j,oo3,ooo infantry and 
800,000 cavalry. From the obfervations made by the 
embaffy in the courfe of their travels through the em¬ 
pire, of the garrifons in the cities of the feveral orders, 

and of the military pofts at fmall diftances from each 

other, there appeared nothing unlikely in the calcula- China* 

tion of the infantry ; but they met few cavalry. If the 
number mentioned really do exift, a great proportion of 

them muR have been in Tartary, or on fome fervice di- 

Rant from the route of the embaffy. 
“ Of the troops, efpecially cavalry, a vaft number are 

Tartars, who have a higher pay than their Chiuefe fel- 
low-foldiers. The principal officers of confidence in 
the army are Tartars alfo. None of either nation are 
received into the fervice but fuch as are healthy, Rrong, 

and fightly. The pay and allowances of a Chinefe 
horfeman are three Chinefe ounces, heavier than Euro¬ 
pean ounces, and three-tenths of an ounce, of filver, 
and fifteen meafures or rations (the weight not men¬ 
tioned) of rice every lunar month. A Tartar horfe¬ 
man, feven fimilar ounces of filver, and 20 meafures of 
rice for the fame period. A Chinefe foot foldier has 
one ounce and fix-tenths of an ounce of filver, and ten 
meafures of rice ; and a Tartar of the fame defeription 

has two ounces of filver and ten meafures of rice every ■ 
lunar month. The Emperor furniffies the arms, ac¬ 
coutrements, and the upper garment, to all the foldiers. 
Befide their ordinary pay and allowances, they alfo re¬ 
ceive donations from the Emperor on particular occa- 
fions ; as when they marry, and when they have male 
children born. On the death of their parents they ob¬ 
tain ‘ a gift of confolation as do their families when 

the foldiers themfelves die. 
“ The public revenues of China Proper are faid to be 

little lefs than 200,000,000 of ounces of filver, which 
may be equal to about 66,000,000 of pounds fterling ; 
or about three times thofe of France before the late 
fubverfion. From the produce of the taxes all the ci¬ 
vil and military expences, and the incidental and extra¬ 
ordinary charges, are firfi paid upon the fpot out of 
the treafuries of the refpedtive provinces where fuch 
expences are incurred; and the remainder is remitted to 
the Imperial treafury at Pekin. This furplus amounted 

in the year 1792 to the fnm of 36,614,328 ounces of 
filver, or 12,204,776 pounds fterling, according to an 
account taken in round numbers. In cafe of infurrec- 
tions, or other occurrences requiring extraordinary ex¬ 

pences, they are generally levied by additional taxes on 
the provinces adjacent to the feene of action, or con- 

nefled with the occafion of the expence. 
“ In the adminiftration of the vail revenue of the Hate, 

the opportunities of committing abufes are not often 
negle&ed; as may be inferred from the frequent confif- 
cation to the Emperor in confequence of fuch tranfgref- 

fions. It is indeed affirmed, that much corruption and 
oppreffion prevail in moft of the public departments, 

by which confiderable fortunes are acquired, notwith- 

ftanding the modicity of the public Salaries.” 
With fuch a handing army and fo vaft a revenue, it 

will no longer appear wonderful that one man fiiould 
govern with defpotic fway even the immenfe multitude 
of people who inhabit the empire of China, efpecially 

trained up as thofe people are in habits of filial fubmif- 
fion to their fuperiors. But there are fome circumltan- 
ces in the fyftem of Chinefe policy, not yet mentioned, 
which contribute perhaps more than even thefe habits 
and that*power to preferve the liability of the govern¬ 
ment. The Emperor referves to himfelf alone the right 
of relieving the^ wants of the poor, produced by famine 
or any other unforeseen calamity. On fuch occafions 
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China, be always comes forward. He orders the public gra- 

•—-v—~^ narics to be opened ; remits the taxes to thofe who are 

vifited with misfortune; affords affiftance to enable them 
to retrieve their affairs; and appears to his fubjefts as 
{landing almofl in the place of Providence in their fa¬ 
vour, He is perfectly aware by how much a flronger 
chain he thus maintains his abfolute dominion, than the 
mere dread of punifhment would afford. The emperor, 
to whom the Britifh embaffy was fent, fhewed himfelf 

fo jealous of retaining the exclufive privilege of bene¬ 
volence to his fubjefts, that he not only rejedled, but 

was offended at, a propofal once made to him by fome 
confiderable merchants, to contribute towards the relief 
of a fuffering province ; whilfl he fcrupled not, at the 

fame time, to accept the donation of a rich widow to¬ 
wards the expences of a war in which he was engaged. 

This veneration, excited towards the emperor by his 
apparent benevolence, is increafed by an opinion zea- 
loufly inflilled into the people, that he has the faculty 
of predidting future events of the greatefl importance. 
The Chinefe, given up to the dotages of judicial aftro- 
logy, are firmly perfuaded that eclipfes of the fun and 
moon have a powerful influence on the operations of 
nature and the tranfadlions of mankind ; and the pe¬ 
riods of their occurrence become, of courfe, objedts of 
attention and folicitude. The government of the coun¬ 
try, ever anxious to eflablifh its authority in the general 
opinion of its fuperior wifdom and conflant care for the 
welfare of the people, employs the European miffion- 
aries at Pekin (for it is doubtful if any one of the na¬ 

tives has fo much fcience) to calculate eclipfes, and 
then announces them to the people with that folemnity 
whicji is fitted to enfure veneration for the fuperintend- 
ing power whence fuch knowledge is immediately de¬ 
rived to them. Eclipfes of the fun, in particular, are 
confidered as omeuous of fome general calamity; and 
as great pains are taken to infpire them with a belief 
that their prosperity is owing to the wifdom and virtues 
of their fovereign, fo they are tempted to attribute to 

fome deficiency on his part whatever they think por¬ 

tentous. To this prejudice the emperor finds it pru¬ 
dent to accommodate his condudl. He never ventures 
on any undertaking of importance at the approach of 
a folar eclipfe, hut affedls to withdraw himfelf from the 

prefence of his courtiers, to examine ftridlly into his 
late adminiflration of the empire, in order to correct 
any error, for the commiflion of which the eclipfe may 
have been an admonition. . On thefe occafions he in¬ 
vites his fubjefts to give him freely their advice; hut it is 
plain that advice mufl he offered with great deference 
to a being for whofe admonition the motions of the fun 
and moon are believed to be regulated; and while fuch 
notions are implicitly admitted, the perfon of the Chi¬ 
nefe emperor, as well as his authority, mufl be looked 

upon by his fubjefts as fomething more than human. 
Suppl. Vol. I. Part II. 
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This is in faft the cafe. He is not only approached 

in perfon with teilimonies of the utmoft refpeft, but is 

adored when abfent with all the rite3 and ceremonies 
which are ufed by the Chinefe in the worfhip of their 
divinities. On his birth-day, at the new and full moon, 

and probably on other feflivals, all the mandarines re- 
fideut in the neighbourhood of any of his numerous pa¬ 
laces affemble about noon, and repairing to the palace, 

folemnly proflrate tbemfelves nine times before the 
throne, their foreheads ftriking the floor each time ; 
whilfl i nee life is burning on tripods on each fide of it, 
and offerings are made, on an alter before it, of tea and 

fruits to the fpirit of the abfent emperor. Over the 
throne are feen the Chinefe cliarafters of glory and per- 
fe&ion ; and the name of the Deity is given to the em¬ 

peror, who is confidered by his votaries as pofTefling in 
fome fenfe the attribute of ubiquity. Mr Barrow, one 

of the gentlemen of the embaffy, was prefent at Turn* 
min-yuen, one of the imperial palaces, when thefe idola¬ 
trous rites of adoration were performed; and he was af- 
fured that they took place on that day in all parts of 

the empire, the proflraters being everywhere attentive 
to turn their faces towards the capital. 

That he who claims adoration in his abfeuce does 
not appear on his birth-day to receive the compliments 
of his fubjedls, will not fnrprife the reader. Tlie man¬ 

ner in which that feilival is celebrated at the palace, 
where the emperor happens to he refident, is thus de- 
feribed by Sir George Staunton, who witnefted this 
more than augufl ceremony at the palace of Zbe-bal in 

Tartary. “ The princes, tributaries, ambaffadors, great 
officers of date, and principal mandarines, were aflfem- 
bled in a vafl hall; and upon particular notice, were in¬ 
troduced into an inner building, hearing, at lead, the 

femblance of a temple. It was chiefly furnifhed with 
great inflruments of mufic, among which were fets of 
cylindrical bells, fufpended in a line from ornamented 
frames of wood, and gradually diminifhing in fize from 
one extremity to the other, and alfo triangular pieces 
of metal arranged in the fame order as the bells. To 

the found of thefe inflruments a flow and folemn hymn 
was fung by eunuchs, who had fuch a command of their 

voices as to refemhle the effeft of the mufical glades at 
a diflance. The performers were directed, in gliding 
from one tone to another, by the ftriking of a fhrill 
and fonorous cymbal; and the judges of mufic among 
the gentlemen of the embafty were much pleafed with 
their execution. The whole had indeed a grand effeft. 
During the performance, and at particular flgnals, nine 
times repeated, all the perfons proflrated themfelves 
nine times, except the ambaffador and his fuit, who 
made a profound obeifance (a). But he whom it was 

meant to honour, continued', as if it were in imitation of 
the Deity, inviiible the whole time.” 

That the awful impreffion meant to be made upon 

_ 3 H the 

Chine, 

(a) The Chinefe court, which confiders all other fovereigns as fubordinate to their own, exafts from foreiim 
mimitcrs, as well as from natives of the empire, nine proftrations upon their firft introduftion to the emueror 
Uns demand was made, in the laft century, of the Dutch, who inflantly complied with it in hopes of obtaining 

10 f^rrn-t°Te !UratlVe advantages ? and the confequence was, that their ambaftador was treated with neo-left 
and difmiffed without promife of the fmalleft favour. It was likewife made of a Ruffian ambaftador in the orV 

lent century ; but he would not comply with it, until a regular agreement was made for its return, on a like oe- 

cahon, to his own fovereign. Lord Macartney, who was repeatedly urgpd to go through die fame abieft cere¬ 

mony, displayed fuch firmnefs and addrefs, that after much evafion it was at laft announced to. him, that his im¬ 

perial majefty would be fatisfied with the fame form of refpeftful obedience that the Engliffi are in the habit of 
paying to their own fovereign ; and upon thefe terms his lordffiip was introduced and gracioufly received 
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China, the minds of men by this apparent v.-orflnp of a fellow- 

---'mortal might not be too quickly effaced, all fcenes ot 
fport and gaiety were poftponed to the next day, when 
a variety of entertainments was exhibited in the pre¬ 

fence of the emperor, furrounded by his court and tri¬ 

butary princes. . . . 
Notwithftanding the general veneration ot the Elu- 

nefe for the perfon and government of their emperor, 
the mandarines afferted that a fed had for ages fubfift- 

ed in the country, whofe chief principles were founded 
on an antipathy to monarchy; and who nourifhed hopes 

of at laft fubverting it. Their meetings were held in 
the utmoft fecrecy, and no man avowed any knowledge 
of them ; but a fort of inquifition was faid to be efta- 

blifhed in order to find them out, and they who were 
fufpe&ed of fuch fentiments were cut off, or hunted out 
of fociety. Should the French declaration of the rights 

of man, which, through the zeal of its authors, has 
been tranflated into one of the languages of India, find 
its way into China (of which the court is faid to be 

much afraid), it would indeed be a powerful engine in 
the hands of this fecret fed to fap the foundations of the 
ancient government. The minds of many of the Chinefe 

are far from fatisfied with their condition, which lays 
both their perfons and their fortunes at the mercy of 
the mandarines. No private man in China is exempted 
from corporal punifhment, which may be inflantly in¬ 

fixed on him at the nod of a magiftrate; and when he 
has occafion to fpeak to a great mandarine, he is obliged, 

by the police of the country, to throw himfelf on his 
knees, and in that poilure to communicate his bufmefs. 
The mandarine himfelf, on the other hand, lies under 

'the hard(liip of being frequently refponfible for events 
which he could not controul. Upon the general prin¬ 

ciple that it is his duty to watch over the morals of the 
people, he is in many cafes confidered as a criminal for 
not preventing crimes which he had not been able to 

prevent. The mandarines are thus aware of not being 
guaranteed by good condud againft difgrace; and feel¬ 

ing the chagrin of insecurity, many of them mud doubt- 
left be ripe for a revolt. Fear may keep them quiet du¬ 
ring the reign of a fovereign poffeffed of abilities and vigi¬ 
lance ; but the maxims which regulate the imperial fuc- 
cefiion are fuch, that a firm confederacy could hardly 
fail at the death of an emperor to introduce great changes 
into the conftitution. The throne of China is neither 
hereditary nor eledive. The choice of a fucceffor is 

left entirely tp the reigning prince, who may exclude, 
as has been inftanced, even his own offspring and fami¬ 
ly. To prevent commotions and fraud, it is no un¬ 

common pradice for the emperor, during his lifetime, 

to declare his fucceffor ; for when his fuccefiion is fet¬ 

tled by a written teftament, the throne is not always 
filled by him for whom it was deftined. The father of 
the emperor to whom the Britifh embaffy was fent, is 

faid to have obtained pofTefTion of the throne by fud- 
denly entering the palace in the laft moments of his 
predeceffor, and fubftituting his own name in a tefta- 

ment intended for the exaltation of another.. 
To what has been faid in the Encyclopaedia of the re¬ 

ligion of the Chinefe, we have here very little to add. 
Various deities are worfhipped in the empire by very 
different rites and ceremonies ; but there is in China no 
ftate religion. None is paid, preferred, or encouraged 

by it. The emperor is of one faith; many of the man¬ 

darines of another; and the majority of the common C 
people of a third, which is that of Fo. The men of let¬ 
ters venerate rather than adore Confucius ; and meet to 
honour and celebrate his memory in halls of a fimple but 
neat conftruftion. The numerous and lower claffes of 

the people are lefs able than inclined to contribute much 
towards the ere&ion of large and coftly edifices for pu¬ 

blic worfhip : their attention is almoft wholly engaged 
by their houfhold gods; for every houfe has its altar 

and its deities. 
“ No people are, in fad, more fuperftitious than the 

common Chinefe. Befide the habitual offices of devo¬ 

tion 011 the part of the priefts and females, the temples 
are particularly frequented by the difciples of Fo pre- 
vioufly to any undertaken of importance ; whether to 
marry, or go a journey, or conclude a bargain, or 
change fituation, or for any other material event in life, 

it is neceffary firft to confult the fuperintendant deity. 
This is performed by various methods. Some place a 
parcel of confecrated flicks, differently marked and 
numbered, which the confultant, kneeling before the 
altar, fhakes in a hollow bamboo, until one of them falls, 
on the ground ; its mark is examined, and referred to a 
correfpondent mark in a book which the prieft holds 
open, and fometimes even it is written upon a fheet of 
paper pafted upon the infide of the temple. Polygonal 
pieces of wood are by others thrown into the air. Each 
fide has its particular mark ; the fide that is uppermoft 
when fallen on the floor is in like manner referred to 
its correfpondent mark in the book or fheet of fate. 
If the firft throw be favourable, the perfon who made 
it proftrates himfelf in gratitude, and undertakes after¬ 
wards with confidence the bufinefs in agitation. But 

if the throw fhould be adverfe, he tries a fecond timer 
and the third throw determines, at any rate, the quef- 
tion. In other refpe&s, the people of the prefent^day 
feem to pay little attention to their priefts. The 
temples are, however, always open for fuch as clioofe 

to confult the decrees of heaven. They return thanks 
when the oracle proves propitious to their wifhes.^ Yet 
they oftener caft lots to know the lffue of a projected, 
enterprife than fupplicate for its being favourable ; and 

their worfhip confifts more in thankfgiving than ia* 

prayer. 
“ The Chinefe are feldom faid to carry the obje&s to 

be obtained by their devotion beyond the benefits of 

this life. Yet the religion of Fo profeffes the do&rine. 
of the tranfmigration of fouls, and promifes happinefa 

to the people on conditions, which were no doubt ori¬ 

ginally intended to confift in the performance of moral 
duties ; but in lieu of which are too frequently fubfti* 
tuted thofe of contributions towards'the ereaion or re* 

pair of temples, the maintenance of priefts, and a ftridl 
attention to particular obfervances. The negleft of 
thefe is announced as punifhable by the fouls of the de¬ 
faulters paffing into the bodies of the meaneft animals, 
in whom the fufferings are to be proportioned to the 

tranfgreffions committed in the human form.'’ 
Though the Chinefe artifts are very ingenious as 

mere workmen, there is hardly any thing which de- 

ferves the name of fcience in the whole empire. So 
little is the ftudy of mathematics cultivated, that there 
are few fhopkeepers in China who can perform the or¬ 
dinary operations of arithmetic; but caft up their ac¬ 

counts by means of an inftrument called fwanpan (See 
Swan- 
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Cmrit. S\jrANPAN, EncycL). Though the compofition of gtm- 

powder was certainly known in China much earlier 
than in Europe, and though the Chinefe had employed 
it from the beginning in blafting rocks, and in making 

a vaft variety of fire-works ; yet Sir George Staunton 
feems convinced, that they never thought of the inven¬ 
tion of guns till they were taught by the Europeans to 
introduce them into their armies. 

The (late of phyiic in this vaft country is extremely 

low, being nowhere taught in public fchools or colleges. 
“ A young man who wifhes to become a phyfician, has 
no other way of acquiring medical knowledge than by 
engaging himfelf to fome pra&itioner as an apprentice. 
He has thus the opportunity of feeing his mailer's 
pradlice, ot vifiting his patients with him, and of learn¬ 
ing fuch parts of his knowledge and fecrets as the other 

choofes to communicate to him. The emoluments of 
the profeftion feldom exceed the ikill'of the practitioner. 
As many copper coin as fcareely are equal to lixpence 
iterling is laid to be the ufual fee among the people ; 
and perhaps quadruple among the mandarines. Medi¬ 

cine is not divided in China into diitinCl branches as in 
rrioft parts of Europe. The fame perfon adls as phyfi¬ 
cian, furgeon, and apothecary. The furgical part of 
the profeftion is ftill more backward than the others. 
Amputation,^ in cales of compound fraClure and gan¬ 
grene, is utterly unknown ; and death is the fpeedy 

confequenee of fuch accidents. The Chinefe method 
of inoculation, which was introduced into the empire 
about the beginning of the tenth century of our era, 
is as follows : When the difeafe breaks out in any 
diftrid, the phyficians of the place carefully coiled a 
quantity of ripe matter from puftules of the proper fort ; 
which being dried and pulverifed, is clofely (hut up in 
a porcelain jar, fo as to exclude from it the atmofpheric 
air ; and in this manner it will retain its properties for 

many years. When the patient has been duly prepared 
by medicines, generally of an aperient kind, and ftridly 
dieted for a ftiort time, a lucky day ischolen to fprinkle 
a little of the variolus powder upon a fmall piece of 

fine cotton wool, and to fnfert it into the noftrils of 
the patient. 

“ No male phyfician is allowed to attend a pregnant 
woman, and ftill lefs to pradife midwifery ; in the in¬ 
delicacy of which both fexes feem to agree in China. 
1 here are books written on that art for the ufe of fe¬ 
male praditioners, with drawings of the ftate and pofi- 
tion of the infant at different periods of geftation ; toge¬ 
ther with a variety of diredions and preferiptions for 
every fuppofed cafe that may take place : the whole 
mixed with a number of fuperftitious obiervances. 

Many praditioners of phyfic take the advantage, as 
elfewhere, of the obfeurity in which that art is invol¬ 
ved, and of the ignorance and credulity of the people, 
to gain money by the fale of noftrums and fecrets of 
their own. They diftribute hand bills, fetting forth 
the efficacy of their medicines, with atteffed cures an¬ 
nexed to them. And there is one fed which boldly 

arrogates to itfelf the poffeftion of a medical fecret not 
to die ! To tliofe who had all the enjoyments of this 
life, there remained unaccomplifhed no other wilh than 
that of remaining for ever in it. And accordingly fe- 

veral fovereigns of China have been known to cherifh 
the idea of the poftibility of fuch a medicine. They 

had put themfelves, in full health, under the care of 

tliofe religious empirics, and took large draughts of the 

boafted beverage of immortality. The compofition 

did not confift of merely harmlefs ingredients; but pro¬ 
bably of luch extrads and proportions of the poppy, 

and of other fubftanccs and liquors, as occafioning a 
temporary exaltation of the imagination, paffed for an 

indication of its vivifying effedsi Thus encouraged, 

they had recourfe to frequent repetitions of the dofe, 
which brought 011 quickly languor and debility of fpi- 

rits: and the deluded patients often became vidims to 
deceit and folly in the flower of their age. 

44 There are in China no profeffors of the fciences 
conneded with medicine. The human body is never, 
unlcfs privately, diffeded there. Books, indeed, with 

drawings of its internal'ftrndure are foinetimes publish¬ 
ed ; but thefe are extremely impeded, and confulted, 

perpaps, oftener to find out the name of tlie fpirit un¬ 

der vvhofe protection each particular part is placed, than 
for obferving its form and fituation. 

46 It is a matter of doubt, whether natural hiftory, na¬ 
tural philofophy, or cuemiltry, be, as ieierces. much 

more improved than anatomy in China. There are fe- 
veral treatifes, indeed, on particular fubjeds in each* 
The Chinefe likewife poffefs a very voluminous Ency¬ 

clopaedia, containing many fads and obiervatiuns rela¬ 
tive to them ; but from tlie few refearches which the 

gentlemen of the embafty had leilure or opportunity 
to make during their fhort vifit to the country, they 
perceived no traces of any general fyftem or dodrine 

by which feparate fads or obiervatiuns w’ere conneded 
and compared, or the common properties of bodies af- 
certained by experiment ; or where kindred arts were 

conducted on iimilar views, or rules framed, or deduc¬ 
tions drawn from analogy, or principles laid down to 
conftitutea feienee.” 

Ot all people the Chinefe are perhaps the moft eager 
in their curiofity about foreigners coming among them, 

and the moft indifierent about the countries of fuch fo¬ 
reigners. . They have been always in the habit of con¬ 
fining their ideas to their own country, emphatically 

ilyled the middle kingdom, No Chinefe ever thinks of 
quitting it, except a few of defperate fortunes redding 
near tne lea-coaft, or fea-faring men, who form a clafs, 

in a great meafure, apart from fociety. Even foreign 
commodities confumed in China remind them only of 
Canton, whence they received them, as if produced in 
it ; and thefe commodities they confider, perhaps pro¬ 
perly, as of 110 real benefit to the empire. Regions out 
of Afia are fcareely mentioned in their books, or no¬ 
ticed in their diftorted maps ; and the great body of 

the people would be little gratified with accounts of 
fuch regions, which did not contain tales of wonders 
not performed at home, or of powers exerted beyond 
the ordinary boundaries of nature. 

CHINESE pump. See Pump in this Supplement. 
Chinese Weights are fo very different in many refpefts 

from thofe in ufe elfewliere, that it will at lead gratify 
the curiofity of our readers to take fome notice of them 

in this Work. Of thefe weights Charles Coquebert 

has prefented a fpecimen to the Philomathematical So¬ 
ciety in Paris. They are made tff copper, and bear a 

great refemblance in form to the body of a violin. 

Like that inftrument, they are rounded off at the ex¬ 

tremities, and indented on the Tides to admit the fingers. 

The faces are flat and parallel, and have Chinefe cha- 

3 H 2 ra&ers 

China, 

Chinefe* 
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Chinefe. ra&ers engraven on the upper furfacc. ^ y 

;in a regular decimal progrefiion, of which Coquebert 

has difcavered four diftind feries, the units of which 
are in the proportion of i, 10, 100, iooo. Infteadol 
employing a combination of one, two, four, and eight 

units, or after the new fyftem of one, two, and five units, 
the Chinefe have a diftind weight for every intermedi¬ 
ate number between one and ten. Thus they have weights 

©f 1,2, 3, 4j 5> 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 
go, 90, See. Of courfe, thofe weights which {land re- 
lated to each other in the proportion of 6 to 7, 7 to 8, 

8 to 9, 9 to 10, differ fo little in fize, that it would be 
Impoffible to diftinguifti them without the help of the 
eharaders which are engraven upon the face. l.his is 

confeffedly a defedh in the fyftem. Of the four diffe- 
tent feries exhibited to the fociety, the higheft bears in 
China the name of tin, and is nearly of equal value 
with a pound avoirdupois. The kin contains ten times 
the number of units of the next inferior weight, which 
the Chinefe denominate leang or loam, and which the 

Europeans call tael, taille, or Chinefe ounce. Ihis ounce 
is divided into ten tjitn, which anfwers nearly to our 
drachm. The tfien is again fubdivided into ten fen. 
The Chinefe extend the decimal fubdivifion of their 

weights confiderably farther. They have diftind names, 
which are all monofyllabic, for nine feries below the fen. 

Suppofing the kin to Hand for unity, they have, 

1, o 000 

a 9 ~ 
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The Chinefe weights, compared with the greatefl 

precifion, and with the help of the beft inftruments, 

bear the following proportion to our weights: The 

kin is equal to i pound 12 ounces 2 drachms 24 
trains; the leang 1 ounce I drachm 60 grains; the tfien 

*jo grains T®n ; the fen 7 grains Confequently the 
laft of this feries, the fun, amounts to no more than o 

grains 00000000708. 
Chinese Wheel is an engine employed in the province 

©f Kiang-fee, and probably through the whole empire, 
for railing water from rivers to irrigate plantations of 
fugar canes, on a fandy foil, confiderably elevated above 
the level of the river. By Sir George Staunton, who 
fays that it is ingenious in its contrivance, cheap in its 

materials, eafy in its operation, and effedual to its pur- 

pofe, it is thus deferibed : 
« Two hard wood-pofts or uprights are firmly fixed 

in the bed of the river, in a line perpendicular to its 

bank. Thefe polls fupport the axis, about ten feet in 

length, of a large and durable wheel, confifting of two 
unequal rims, the diameter of one of which, clofell to the 
bank, being about fifteen inches Ihorter than that of 

the outer rim ; but both dipping in the ftream, while 
the oppofite fegment of the wheel rifes above the eleva¬ 
ted bank. This double wheel is conneded with the 

axis, and is fupported by 1 6 or 18 fpokes obliquely in- 
ferted near each extremity of the axis, and crofting each 
other at about two-thirds of their length. They are 
there llrengthened by a concentric circle, and fallened 
afterwards to the rims: the fpokes inferted in the in¬ 
terior extremity of the axis reaching the outer rim, 
and thofe proceeding from the exterior extremity of the 
fame axis,,reaching the inner and fmaller rim. Between 

the rims and the crofting of the fpokes is woven a kind 
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They advance of clofe bafket-work, ferving as laddie-boards or floats, Chinefe, 

which meeting fucceflively the current of the ftream,, °Pine*^ 

obey its iinpulfe, and turn round the wheel. To both 
its rims are attached fmall tubes or fpouts of wood, 
with an inclination of about 25 degrees to the horizon, 

or to the axis of the wheel. The tubes are clofed at 
their outer extremity, and open at the oppofite end. 

By this pofition the tubes, which happen in the motion 
of the wheel to be in the ftream with their mouths or 
open ends uppermoft, fill with water. As that fegment 
of the wheel rifes, the mouths of the tubes attach to it, 
alter their relative inclination, but not fo much as to let 

their contents flow out till fuch fegment of the wheel 
becomes the top. The mouths of thofe tubes are then 
relatively depreffed, and pour the water into a wide 
trough placed on polls, from whence it is conveyed as 

may be wanted among the canes. 
“ The only materials employed in the conllrudion 

of this water-wheel, except the nave or axis, and the 

polls on which it refts, are afforded by the bamboo. 
The rims, the fpokes, the laddie-boards or floats, and 

the tubes or fpouts, and even the cords, are made of 
entire lengths, or fingle joints, or large pieces, or thin 
flices, of the bamboo. Neither nails, nor pins, nor 
ferevvs, nor any kind of metal, enters into its conftruc- 
tion. The parts are bound together firmly by cord¬ 
age, alfo of flit bamboo. Thus, at a very trifling ex¬ 
pence, is conftruded a machine which, without labour 
or attendance, will furnilh, from a confiderable depth, 
a refervoir'with a conllant fupply of water adequate to 

every agricultural purpofe. 
<< Thefe wheels are from 20 to 40 feet in diameter, 

according to the height of the bank and confequent 

elevation to which the water is to be raifed. Such a 
wheel is capable of fuftaining with eafe 20 tubes or 
fpouts, of the length of four feet, and diameter two 
inches in the clear. The contents of fuch a tube would 
be equal to fix-tenths of a gallon, and 3 periphery of 
20 tubes, twelve gallons. A ftream of a moderate ve¬ 
locity would be fufticient to turn the wheel at the rate 
of four revolutions in one minute, by which would be 
lifted 48 gallons of water in that Ihort period ; in one 
hour, 2880 gallons ; and 69120 gallons, or upwards of 

300 tons of water, in a day.” # . 
Sir George, who faw this wheel in motion, thinks it 

preferable in many refpeds to any machine yet in life 

for fimilar purpofes. He obferves, that, while it ap¬ 
proaches near to the Perfian wheel, of which a defenp- 

tion and figure is given in the article Hydrostatics, 

Ericycl. it is more fimple than that wheel in its con¬ 
trivance, and much lefs expeniive. This is indeed true ; 

but the fimpleft engine of the kind, and therefore the 
beft that has yet been invented, is perhaps that which 
is employed to throw water into the mofs of Blair 

Drummond in Perthihire. See Moss, Encycl 
CHOPINE, Choppine, or Chopeene, a high fhoe, or- 

rather clog, worn 200 years ago by the Italians. 
Tom Coryat, in his Crudities 1611. p* 262, calls 

them chapineys, and gives the following account of them: 
“ There is one thing ufed of the Venetian women, and 
fome others dwelling in the cities and towns fubjed to 

the figniory of Venice, that is not to be obferved, I 
tliinke, amongft any other women in Chriftendome, 

which is fo common in Venice, that no women whatfo- 

ever goeth without it, either in her houfe or abroad. 
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Chronolo 
gicii. 

Chowdry a thing made of wood and covered with leather of fundry 

colors, forne with white, feme redde, fome yellow. It is 
called a chapiney, which they wear under their Jhoes. 
Many of them are curioufly painted; fome alfo of them 
I have feen fairly gilt ; fo uncomely a thing, in my 

opinion, that it is pitty this foolifh cuftom is not cleane 
banifhed and exterminated out of the citie. There are 

many of thefe chapineys of a great height, even half a yard 
high, which maketh many of their women that are very 
fhort feeme much taller than the tailed women we have 

in England. Alfo I have heard it obferved among 
them,rthat by how much the nobler a woman is, by fo 

much the higher are her chapineys. All their gentle¬ 

women, and mod of their wives and widowes that are 
of any wealth, are afiided eyther by men or women 

when they walke abroad, to the end they may not fall. 
They are borne up mod commonly by the left arme, 
other wife they might quickly take a fall.” 

CHOWDRY, in Bengal, the pofleffor of feveral 
Talooks. It is alfo ufed as fynonymous with Talookdar, 
anciently a colledor. See Talook in this Supplement. 

CHRISOM was not, as is faid in the Encyclopedia, 
a face-cloth or piece of linen laid over the child’s head 
when it was baptized; but it was a white vedure or 
garment, which, immediately after it was baptifed, the 
pried put upon it, faying, “ Take this white vedure as 
a token of the innocency, which, by God’s grace in 
this holy facrament of baptifm, is given unto thee, and 
for a fign whereby thou art admoniflied, fo long as thou 
lived, to give thyfelf to innocence of living, that after 
this tranfitory life thou mayed be partaker of life ever- 
lading. Amen.” 

As foon as the pried had pronounced thefe words, 
he anointed the infant upon the head, faying, « Al¬ 
mighty God, the Father of our Lord Jefus Chrid, who 
hath regenerated thee by water and the Holy Ghod, 
and hath given unto thee the remidion of all thy fins ; 

he vouchfafe to anoint thee with the mid ion of his 
Holy Spirit, and bring thee to the inheritance of ever- 
Jading life. Amen.” 

It was from this anointing or chrfm that the white 
garment got the name of chrifom, which, after being 
worn a few days, was offered to the pried to be kept 
in the church or vedry, in order to be produced as 
evidence againdthe perfon wliofe chrifom it was, fhould 
he afterwards deny the faith in which he had been 

baptized. Thefe ceremonies were retained, for fome 
time after the reformation, in the church of England, 
which ordered the mother of the child (if the child was 
then alive) to offer, when die was churched, the chrifom 
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and other aceudomed offerings. If the child died'be- 
fore its mother was churched, the chrifom was not .gi¬ 
ven to the pried, but employed as a fhroud, in which 
the body was buried ; and hence it is that chrifoms are 
now enumerated, mod abfurdly indeed, in the weekly 
bills of mortality. We fay abfurdly ; beeaufe children 
who die unbaptized are called chrifoms, though the chri¬ 
fom, when it was ufed, was never put on till baptifm. 
See Whitby on the Booh of Common Prayer, &c. 

CHRONOLOGICAL characters are charaders 
by which times are didinguifhed. Of thefe fome 3re 

natural or adronomical ; others, artificial or hidorical. 
The natural charaders are fuch as depend on the mo¬ 

tions of the liars or luminaries, as eclipfes, foljlices, equi¬ 

noxes, the different afpelts of the planets; &c. The ar¬ 

tificial charaders are thofe that have been invented and 

edablifhed by men ; as the folar cycle, the lunar cycle, 

&c. Hidorical chronological characters are thofe fup- 
ported by the tediinony of hidorians, when they fix the 
dates of certain events to certain periods. Hutton’s Ma¬ 
thematical Dictionary. 

CHRONOSCOPE, a word fometimes ufed to de¬ 
note a pendulum or machine to ineafure time. 

CHUCKIAH, in Bengal, the jurifdiction of a Fo- 
gedar. See Fogedar in this Supplement. 

^ CHURCH is a word which has many different fig- 
njfications, all fufficiently explained in the Encyclope¬ 

dia Britannica, where there is likewife given a concife 
hjflory of the Chridian church (fee History, Sed. ii.), 

defedive, indeed, but perhaps not more fo than was to 
be expeded from the limits of the work and the extent 
of the fubjed. 

Of the conditution of the primitive and apodolical 
church, no man can have a corred notion who has not 

taken the trouble to confult the primitive and apodoli¬ 
cal writers ; for, as we have elfewhere obferved, all mo¬ 
dern compilers of ecclefiadical hidory are more or lefs 

prejudiced in behalf of the particular church to which 
they belong, and wred the language of the original 
writers fo as to make them bear witnefs to the antiqui¬ 

ty o £ modes of faith and ecclefiaflical polity, which are not 
perhaps a hundred years old. 

On this account we fiiall not here attempt to corred 
what we really think the midakes of him who compiled 

the feet ion of ecclefiadical hidory in the Encyclopaedia. 
Mofheim and Sir Peter King, whom lie feems to have 
implicitly followed, were indeed great men ; and it 
would be folly to deny that the Hijlory of the former, 

and the Inquiry of the latter into the. Confutation of the 
Primitive Church, are works of learning and ingenuity ; 
but it is not perhaps too much to fay, that both au¬ 

thors wrote under the influence of prejudice. Our read¬ 
ers will difeover how clofely either the one or the other 

has adhered to truth, by dudying the ecclefiadical wri¬ 
ters of the fird four centuries. Such a dudv will make 

them acquainted with the dodrines, difeipline, and wor- 
fhip of the church before it was incorporated with the 

date ; and we know not that kind of'knowledge which 
is of more importance to the divine, however much it 

may be defpifed in this age of affeded fcience and real 
ignorance. 

Of the principal churches at prefent exiding, a pretty 
fud account is given in the Encyclopedia, either under 

their different denominations, or under the titles of thofe 
tenets by which they are chiefly didinguifhed ; fo that 
from that Work alone a reader may form a tolerably 
accurate notion of the faith, worfhip, conditution, and 

difciphne of the church of Rome, the churches of End. 

land and Scotland, the Lutheran and Caiviniftical 
churches on the continent of Europe, as well as of the 
various leds which have arifen in thefe kingdoms du¬ 
ring the courfe of the lad and prefent centuries. There 
is, however, one church which boads of a very hio-h an¬ 
tiquity, and is certainly fpread over-a larger extent of 

country than all the other churches that we have men¬ 

tioned, of which the account given in the Encyclop e¬ 
dia is exceedingly defedive. Our readers will perceive 
that the church to which we allude, is 

Thin 

Clirono- 
dope 

I) 
Church. 
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Church, which comprehends in its bo- contrary to the fecond commandment orthe^decalogue, 

'Church* The Greek .— A 
1---'fom'(A) a confidence part of Greece, the Grecian 

The Greek >fles- Wallaehia, Moldavia, Egypt, Abyffinia, Nubia, 

church. Lybia, Arabia, Mefopotamia, Syria, Cilicia, and Pale 

ftine, which are all under the jurifdidion of the patri- 

CUiltiaiy LUW v. ---1> "' 

which, according to them, prohibits only the worihip- 
ping of fuch idols as the Gentiks believed to be gods ; 
whereas their pidui;es, being ufed merely as remembran¬ 

cers of Chriil and the faints, have written on each of 

Church. 

{line which are all under the jurilclittion or me pun- ^ —— . . 
archs of Conftantinople, Alexandria, Antioch, and Je- them tne name of the perfon whom it is meant to re- 

- If t0 thefe we add the whole of the Ruffian «refent. Dr K.mr affures us that the more learned of 
rufalem 
empire in Europe, 

prefent. Dr King affures us that the more learned of 
the Ruffian clergy would willingly allow no reprefenta- 

tion whatever of God the Father ; and that, during the 
reign of Peter the Great, the fynod not only ceniured 

Latin, with all the branches which have tprung iru.u tl.e ufe of fuch piftures m churches, but P^'^ed the 
h- and that it is with great impropriety that the church emperor that they might be everywhere taken down, 
of Rome is called by her members ^catholic or uni- Peter^however, though he full Y concurred in opinion 

ltl &_part of Siberia in Alia, Af- 

tracan, Cafan, and Georgia—h will be evident that the 
Greek church h is a wider extent of territory than the 

Latin, with all the branches which have fprung from 

The faith 
of that 
church. 

verfal church. That in thefe widely diffant countries 

the profeffors of Chriftianity are agreed in every minute 

article of belief, it would be ralh to affert ; but there is 
certainly fuch an agreement among them with refped 

both to faith and to difeipline, that they mutually hold 
communion with each other, and are in fad but one 

As the Greek church has no public or eftabhihed 

articles, like thole of the churches of England ^aiid 
Scotland, we can colled what is its dodrine only from 
its creeds, from the councils whofe decrees it receives ( b ), 

from the different offices in its liturgies, and from the 
catechifms which it authorifes to be taught. “ L he 
dodrine of the Trinity, and the articles of the Nicene 

and Athanafiau creeds, are received by the Greeks m 
Common with other CUriftians. In one particular, in¬ 

deed, tliev differ from the other churches of Europe, 
whether Romiffi or reformed- They believe that the 

Holy Spirit proceeds from the father fcnly, and not 
from the Father and the Son ; and in defence ofr this 

opinion they appeal to ecclefiaftical hiftory, the ads of 
councils, the writings of the fathers, ancient manu- 

feripts, and efpecially to a copy of the creed of Con¬ 
ftantinople, engraven on two tables of lilver, and hung 

up in the church of St Peter at Rome by order of Leo 
III Of the Nicene or Conftantinopolitaii creed, there- 

fore, as it is received by them, the eighth article tuns 
it, thefe words, ‘ I believe in the Holy Ghqll, the 
Lord and Giver of life, who proceeded from the Fa- 
ther, and with tl.e Father and the Son together is 

■way's Con- wor|hipped and glorified And the correfpondmg ar- 
Jlantmople, ^ Athanafian creed is of courfe, “ The Holy 

Jnc!'nl ani Ghoft is of the Father, neither made, nor created, nor 

begotten, but proceeding + .” . , , 
Though the biffiops and clergy of the Greek church 

ts'rabhor tl° ufe of images, which they pretend to be one 

It admits of caufe of their fepatation from the fee of Rome, they ad- 
piaures, mit into their churches the pi&ures ot faints to inftrudt, 
but not ot 

\ Valla- 

Modern ^ 
and Kings 
Kites and Ce- 

with the fynod, thought this a meafure for which the 
minds of his fubjeds were not ripe, and dreaded, that, 

if carried into execution it would occalion a general in- 
furredion. Such pidures, therefore, though not more 

impious than ablurd, are Hill m ufe ; and in many 
churcheSj as well ancient as modern, the figure of Da¬ 
niel’s Ancient of Days, together with that of Chrijl and 

a Jove, are painted in one group to fignify the Holy 
Trinity. Nay, when our author was in St Peterfburg, 

not thirty years ago, there was in the church of St Ni¬ 
cholas the pidure of an old man holding a globe, and 
furrounded with angels, on which God the Father 
was inferibed ; and we have not heard that the pidure 

has been iince taken down. 4 
In the Greek as well as in the Roman church, the Invocation 

invocation of faints is pradifed, but they are not invo-of faints, 

ked in either as deities, but merely as interceffors with 
the Supreme God, “ it being more modeft (fay the 
Greeks), as well as more available, to apply to them to 
intercede with God, than to addrefs ourfelvcs immedi¬ 
ately to tlie Almighty.” Plauiible as this reafoning 
may at fu ll light appear, it aferibes tq the faints the di¬ 

vine attribute of ubiqu.ty, and is likewile in diied con- 
tradidion to the dodrine of St Paul, who hath taught 

us, that as “ there is one God, fo there is but one me¬ 
diator between God and man, the man Chriil: Jefus.” 5 

The Greek church, at the celebration of the Lord’s payers me 

Supper, commemorates the faithful departed, and eventic 

prays for the remiffion of their fins ; but Ihe allows not 
of purgatory, nor pretends to determine dogmatically 

concerning the ftate or condition of departed fouls. 
She mult, however, believe that no final judgment is 

paffed upon the great body of mankind (c) till the 
confummation of all things, otherwife fuch prayeis 
could not be offered without abfurdity ; and in this part 
of her dodrine Ihe is certainly countenanced by all the 

writers of the primitive church, if not by fome paffages 
of the Lcred feriptures *. The pradice of praying for * y[ath. uresot laintsto mltruCt, or tne iucrcu . - — r-~ r j o 

.— - . ^ ;nn the dead is loudly condemned in every Proteltant conn-Xxv. 19, 20 
they fay, the ignorant, and to animate the derot,on ot the dean is to y who does not in efTed-3—34- 

?raven others. This practice they conhder as by no means try, and yet there is nocn ,t i. tS 
image?. * * iv. B. 

(a) King’s Rites and Ceremonies of the Greek Church-Bruce’s Travels to the Source of the Nile-and I.obo’s 

Voyage to Jhyfftnia. , n are received, and nine provincial ones. The feven general 
00,'“ the Greek church feven geue,^ Conftantine. 2. The firft council of Conftan- 

councils are, I. Ihe council of Nice, h 3 \ The council of Ephefus, A. D. 4-U, in the reign 

tinoplt, 1. M AD. 581, under ln'0J°®“t , . ^ io the reign ofMnrcian. 5. The fecond conn. 

iB T'""’ 

A'(f) W8X ‘he ,h,t Enoch,’ Eli,., ,nd fh.Ce faint, who 

TOfe with our Saviour, have been already judged, and now enjoy their reward m heaven. 
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pray for his departed friends. This may appear a pa¬ 
radox, but it is an obvious and a certain truth ; for 

where is the man who believes in a general judgment, 
and does not nv'ifh that his deceafed wife, or parent, or 
child, or friend, “ may find mercy of the Lord in that 
day ?” Such a wifh is the efience of a prayer ; which 

confiffs not of the founds in which our fentiments are 
cloathed, but in the afpirations of a devout heart. 

Supererogation, with its confequent indulgences and 
difpenfations, which were once fo profitable, and after¬ 

wards fo fatal to the intereffs of the court of Rome, are 
utterly difallowed in the Greek church, which likewife 

lays no claim to the character of infallibility. She-is 
indeed, like feme other churches, very inconfident on 

this lad topic ; for whilft flie pretends not to an abfo- 
lute exemption from error, her clergy feem to coniider 

their own particular mode of worfhip as that which 
alone is acceptable to God. 

Prcdeilination is a dogma of the Greek church, and 
a very prevailing opinion amongil the people of Ruffia; 

“ and I mud do the juftice (fays Dr King) to thofe 
who have written upon it, efpecially the lateb authors 
of that country, to fay that they have treated it, as de¬ 
pending on the attribute of prefcience in the divin'e na¬ 
ture, with a much better kind of logic than that with 
which fuch points are generally difeufled.” As our 
author has not given us the reafoning of the Ruffian* 
doctors on this difficult fubjedt, we cannot hazard any 
opinion of our own on the foundnefs of their logic ; 
but from the date of fcience in that vad empire, as it 
was reprefented to us by an abler judge than he, we 
doubt of its being entitled to the praife which he be- 
dows on it. (See Russia, n° 104. Encycl.) 

In the Greek church there are feven facraments; or, as 

they are there termed, myjlerics, viz. baptifm; the chrfm9 
or baptifmal umffion ; the eucharijl; confejfion ; ordina¬ 
tion ; marriage; and the mydery of the holy oil, or eu- 
chelaion. By the Greeks a mydery is defined to be 
“a ceremony or a& appointed by God, in which God 
giveth or fignifieth his grace ; and of the. feventh which 

they celebrate, four are to be received by all Chridians, 
■viz. baptifm, the baptifmal un&ion> the eucharijl, and con- 

fejficn. Of thefe, baptifm and the eucharijl are deemed 
the chief; and of the other three, none, not even the 
euchelaion, is confidered as obligatory upon all. 

With refpeft to baptifm, we know not that they hold 
any peculiar opinions. They confider it indeed as fo 
abfolutely neceffary to falvation, that in cafes of extre¬ 
mity, when a pried or deacon cannot be had, it may be 
adminidered by a midw ife or any other perfon, and is 
not to be repeated on any occafion whatever. In this 
opinion, as well as in the practice founded on it, they 
are in perfect harmony with the church of Rome, 
which, as every perfon knows, has for many ages al¬ 

lowed the validity of lay-baptifm in cafes of neceffity. 
The Portuguefe Jefuits, who in the lad century vifited 

Abyffinia in the capacity of miffionaries, have maintain¬ 
ed that, once every year, all grown people are in that 

country baptifed : but Mr Bruce has ffiewn, by the 

mod incontrovertible evidence, that this was a mere 
fi&ion, invented to throw odium upon what the church 

of Rome calls the eadern chifm, and abhors perhaps 
more than paganifm itfelf. 

The daily fervice of the Greek church is fo long and 

fo complicated, that it is impoffible for us to give an 

Church. adeqnade account of it without fwelling this article far 
beyond its due proportion. Of this the reader will be 

convinced, when he is informed that the feveral books intricate 

containing the church fervice for all the days in the and tedious, 
year, amount to more than twenty volumes in folio, 

befides one large volume called the regulation, which 

contains the directions how the red are to be ufed. 
The four gofpels make one volume by themfelves ; 

and whenever the gofpel is read in any fervice, the dea¬ 
con exclaims; “ Wifdom, band up. Let us hear the 
holy gofpel. ” The pried then faith, “The leffon from 

the gofpel according to St Matthew, St Mark, See.” 
The deacon fays again, “Let 11s band.” The choir, 
at the beginning and end of the gofpel, always fays, 
“ Glory be to thee, O Lord, glory be to thee.” From 
the old tebament and the epidles cxtra&s only are ufed 
in the fervice ; and when they are to be read, the dea¬ 

con calls out, “ Attend.” 
The fervice of this church as it now bands, and was 

at firb drawn up in writing, is calculated for the ufe of 
monaderies ; and when it was afterwards applied to pa¬ 

rochial churches, many of the offices or forms, which 
were compofed for different hours of the day and night, 
were ufed as one fervice, without the flighteft altera¬ 

tion being made to avoid repetitions. Something of 
this kind has taken place in the church of England, 
where the matins, the litany, and the communion, 
which were formerly' three diitindi fervices, read at dif¬ 
ferent times of the day', are now run into one fervice ; 
which by thofe not accuftomed to it is therefore deem¬ 

ed long, as well as deformed by needlefs repetitions* jr 
The fervice of every day, whether it has a vigil orBegins,*n 

not, begins in the evening of what we would call the the even* 
preceding day, as among the Jews ; and for the fame inZ* 
reafon, becaufe it is faid in the Mofaic account of the 
creation, that “ the evening and the morning were the 
firff day.” The feveral fervices, according to the ori¬ 
ginal or monkifh inffitution, are, 1. The vefpers, which 
ufed to be celebrated a little before fun-fet ; 2. The af+ 
ter-vefpers, anfwering to the completorium of the Latin 
church, which ufed. to be celebrated after the monks 
had flipped, and before they went to bed ; 3. The me- 

fonyefticon, or midnight fervice ; 4. The matins at break 
of day, anfwering to the laudes of the Romifii church ; 
5. The jirjl hour of prayer, or prima9 at fun-rife ; 6* 
The third hour, or tertia, at the third hour of the day ; 

7. The ftxth hour, or fexta, at noon ; 8. The ninth hour9 
or riona^ in the afternoon at the ninth hour of the day-. 
Thefe are called the canonical hours ; but it is to be 
obferved, that the after-vefpers were not added till a 
late period, before which the reafon affigned for the 
number of fervices being feven, was, that David faith, 
“ Seven times a-day will i praife thee.” When all the 

pfalms and hymns were fung, thefe daily fervices could 
not poffibly have been performed in lefs than twelve or 

fourteen hours. In the church of Ruffia, and probably iu^ 
other branches of the Greek church, there are at prefent 
but three fervices in the day: the ninth hour, the vefpers9 
and the after^vefpers making one ; the mefonyefiicon, the 
matins, and prima, another ; and the third and Jixtb 

hour, with the communion, the laft. In all the fervices, 
except the communion, prayers and praifes are offered 
to fome faint ; and to the Virgin Mary, almod as often. 
as to God ; and in fome of the fervices, after every 

ffiort prayer uttered by the deacon. or the prieft, the 
choir f 
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Church. choir chaunts « Lord have mercy Upon us,” thirty, 

■—v—- forty, or fifty times, fucceffively. 
Though the number of fervices is the fame every 

day, the fervices themfelves arc conftantly varying in 
fome particular or other, as there is not a day which, 

i in the Greek church, is not either a fall or a feftival. 

Befides the faints, wliofe feftivals are marked in the ca¬ 
lendar, and who are fo very numerous that there are more 
than one for every day io the year, there are other faints 
and feftivals, to which fome portion of the fervice for 

every day of the week is appropriated. Thus, Sunday 
is dedicated to the refurre£lion: Monday, to the angels; 

Tuefday, to St John Baptift; Wednefday, to the Virgin 
and the crofs; Thurfday* to the apoflies; Friday, to the 
paffion of Chrift ; and Saturday, to the faints and mar¬ 
tyrs. For thefe days there arc particular hymns and 
fervices, in two volumes folio, to which there is a fup- 
plement containing fervices for the faints and feftivals, 
as they occur in the calendar throughout the year. 
Thefe different fervices are mixed together, and adjuft- 
cd by the directions contained in the book of regulation ; 

and it is the difficulty of this adjuftment which makes the 
public worfiiip of the Greek church fo very intricate, 

that, as was faid of the fervice of the Englifh church be¬ 
fore the Reformation, “ there is more bufinefs to find out 
ivbat fnould be read, than to read it when found out.” 

We have obferved, that the Greeks have no peculiar 

opinions refpeaing the nature of baptifm ; but the rites 
and ceremonies with which that ordinance is admini- 

ftered will appear to our unlearned readers very extra- 
_ ordinary. On the day that a woman is delivered, the 
ninifter- *efl. g0es to the houfe, and ufes a form of prayer for 
baptifm.^er ,md for tjie child. On the eighth day the child 

ffiould be regularly carried to the church, where the 
pried having figned it with the fign of the crofs on the 
forehead, on the mouth, and on the bread, offers up 

for it a prayer, in which he firft gives it a name, com¬ 
monly the name of the faint for that day in the calen¬ 

dar ; he then takes it from the midwife, and (landing 
before the pi&ure of the bleffed Virgin,. he makes the 
fign of the crofs with the infant, uttering a kind of 
hymn in honour of the Virgin and of Simeon, who 

held in bis bofom the Saviour of our fouls. He then 
difmiffes the company with an exhortation not to delay 
the baptifing of the infant, ffiould it appear in danger 

of death before the regular time for its baptifm. 
On the fortieth day after her delivery, the mother 

ffiould attend the church to be purified, and carry the 
child again to be prefented, the perfon who is to be 
fponfoi*5being prefent. UpQn their arrival at the church 
door, the pried utters fome pious exclamations ; and 

then, the mother holding the child in her arms and 
bowing down her head, he makes the fign of the crofs 

upon her and the child, and laying his hand upon its 
bead, he prays that the woman may be cleanfed from 
every fin and from every defilement, and that the child 
may be fan&ified and endued with underftanding, with 
wifdom, and with gentlenefs of manners. He then 
figns it again, and again prays for it, for its parents, 
and for its fponfor ; after which, if it has been privately 
baptifed, he takes it in his arms, and makes with it the 

Mode of 
admimfter- 
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fign of the crofs before the door of the church, faying, Church. ^ 

“ N. N. the fervant of God, enters into the church, in "v™> 
the name of the Father, and of the Son, and of the 

Holy Ghoft, now and for ever, even unto ages of ages. 
Amen.” He then carries the child into tlie church, 

faying, “ he fliall go into thine houfe, and {hall worffiip 
toward thy holy-temple and advancing into the mid¬ 
dle of the church, he fays, “ In the midft of thy church 

fliall he praife thee.” Then, if the child be a boy, he 
carries him within the rails of the altar ; but if a girl, 
only to the door, and fays “ Nunc (limitIts (d);” after 

which he delivers it to the fponfor, who makes three 

reverences, and retires. 
This is called the prefentation of the child in the 

temple, and can only be performed after it has been 
baptized. In the detail we have given, we have fuppo- 
fed that it was baptized privately before the purifica¬ 
tion of the mother, which is now indeed commonly the 
cafe. Such baptifm, however, is not regular, being al¬ 

lowed only in cafes of neceffity ; and when it has not 
taken place, the mother and child are difmiffed as foon 

as ffie is purified, and return at fome other time, not 
fixed, in order that the child may be publicly baptized. 

Previous to baptifm, the child, though not two 
months old, muff be folcmnly initiated into the church 
as a catechumen (See Catechumen,. EncycL). By 
thofe whofe religion is a reafonable fervice, fuch initia¬ 

tion of an infant will be confidered as a very idle cere¬ 
mony; and the rites with which it is performed are not 
well calculated to give it even a fi&itious importance. 
At the door pf the church the pried unties the girdle 
of the infant; takes off all his clothes but one loofe gar¬ 
ment ; turns him towards the eail, with his head unco¬ 

vered, his feet naked, and his hands held down ; blows 
thrice in his face ; figns him thrice with the fign of the 
crofs on the forehead and on the bread, and lays his 
hand upon his head, praying that his “ ancient erroi 

may be put away from him ; that his heart may be fil¬ 

led with fafth, hope, and charity ; and that he may 
walk in the ways of God’s commandments. The 
pried then four times exorcifes the infant, commanding 
Satan, in the fird exorcifm, to “ tremble, depart, and 
flee from Chrift’s creature, nor dare to return again, 
nor dare to lurk concealed within him, or to meet him, 
or to meditate againft him, either in the evening or the 

morning, at midnight or at noon-day.” In the lad 
exorcifm he blows thrice upon the child’s mouth, upon 

his forehead, and upon his bread ; faying, each time. 
Drive away from him every evil and unclean fpirit 

that lurks in him, and hath made itfelf a neft in his 
heart.” The child is now become a catechumen, and, 

being turned to the weft, uncovered, without ffioes, and 

his hands lifted up, the pried repeatedly afks him if he 
renounces and has renounced the Devil and all his works ? 
and receiving from the fponfor the proper aiifwer, he 

fays, “ Blow and fpit upon him and having blown 
and fpit upon the catechumen, he turns him to the eaft, 
and holding down his hands, afks him repeatedly if he 
be joined to Chrift, and if he believes in him ? The ca¬ 
techumen or his fponfor replies to each queftiQn, that 

he is, and has been, joined to Chrift ; and as a proof oi 
his 

(d) We quote the words of Dr King. 

Greek hymns have Latin defignations l 

Is it poffible that in the Greek church Latin hymns are ufed? or that 
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Chtrch. hrs faith he repeats, from beginning to end, the Nicene 

creed. After a repetition of the formerly repeated 
queflions and anfwers, the prieft prays that the cate¬ 

chumen may be called to God’s holy fan deification, and 
receive the grace of God’s holy baptifm. 

Baptifm may be celebrated immediately after the 
candidate has been made a catechumen, or on any fub- 
fequent day at no great diftance. In the fiift part of 
the form there is not much that is Angular, or with 
which every fcholar is not acquainted. After praying 

that the water may beffandlified, in terms differing little 
from thofe which are ufed in the mod refpe&able Pro- 
t eft ant: churches, the prieft dips his fingers in it, figns 
it thrice with the fign of the crofs; and then blowing 
upon it, fays three times, i( Let every adverfe power he 

Confounded under the fign of the crofs.” He then fo- 
lemnly exorcifes it of the daemon of darknefs and all 
evil fpirits; and prays, that “ the perfon to be baptifed 
therein may put oft the old man, which is corrupt after 
the lull of fraud, and may put on the new man after 
the image of Him that made him. After this, he 
blows thrice into a veffel of oil of olives held by the 
deacon, figns it thrice with the fign of the crofs ; and 
prays fervently, that it may “ become to thofe who are 
anointed with faith, and are partakers thereof, the unc¬ 
tion of incorruption, the armour of righteoufnefs, the 
renewing of foul and body, for turning afide all machi¬ 
nations of the devil, and for deliverance from all evil.” 
He then fings allelujah thrice with the people, and 
pours the oil on the top,of the water ; and making 
three croffes with it, fays aloud, “ Bleffed be God, who 
enlighteneth and fandlifieth every man that cometh in¬ 
to the world, now and forever, even unto ages of ages.” 
1 he perfon to be baptized is then prefented ; and the 
prieft, taking fome of the oil with two fingers, and ma¬ 
king the fign of the crofs on his forehead, on his breaft, 

and betwixt his fhoulders, fays, “ N the fervant of God 
is anointed with the oil of gladnefs, in the name of the 
bather, and of the Son, and of the Holy Ghoft, now 
and forever, even unto ages of ages. Amen.” He then 

- %\ls hl’m oh the breaft and the middle of the back, 
faying, “ For the healing of his foul and bodythen 

on the ears, faying, “ For hearing the faith then 
on the palms of the hands, faying, “ Thy hands have 
made me and fafhioned methen on the feet, “ That 
he may walk in the way of thy commandments.” Af¬ 
ter the whole body is thus anointed, the prieft baptizes 
him, ufing the trine immerfion ; which is unqueftionably 
the moft primitive manner. He takes the child in his 
arms, and holding him upright with his fate towards the 
eaft, he fays, “ N the fervant of God is baptized (dip¬ 

ping him the firjl time), in the name of the Father, A- 
men ; in the name of the Son (dipping him again), A- 
men ; and of the Holy Ghoft (dipping him the third 

time). Amen, now and for ever, even unto ages of ages. 

Amen.” After the baptifm, the prieft wipes his hands* 
and with the people fings thrice, from beginning to 
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end, the 3 2d Pfalm; he then puts upon the baptized Church. 
perfon a white garment; faying, “ N the fervant of'-v~—J 

God is clothed with the garment of righteoufnefs, in 
the name of the Father, and of the Son, and of the 
Holy Ghoft, now and for ever, even unto ages of ages 
(e).” Fie then prays that he may be delivered from 
the evil one, and all his in/idious lnares ; that he may 
be confirmed in the true faith; and that he may pre- 

ferve his foul in purity and righteoufnefs: and proceeds 
immediately to anoint him with the Holy Chri/m. r$ 

This chrifm is a very different thing from the oil The bap- 

with which he was anointed previous to baptifrn, and tir™al 
which was ufed in the coal'ecration of the baptifmal 
water. It can be prepared only by a bifhop, and only 
on one day in the year, viz. Thurfday in Paflion-week; 
and as the anointing with it is fubftituted in place of 
the apoftolical rite of laying 011 hands, called conjirma- 
tion in the wellern churches, great quantities of it are 
of courfe prepared at once, and diftributed through the 
different churches of each diocefe. The chrifm eonfifts 
of the following; ingredients, which in different propor¬ 
tions are all boiled together, and afterwards folemnly 

confecrated by the bifhop : Fine oil (we fuppofe of 
olives), white wine, ffyrax calamita (f), palm-dew, 

rofe-flowers,. black palm-gum, Bahl-gum, marjoram, 
thick and thin oil of nutmegs in very different quanti¬ 

ties, oil of cinnamon, oil of cloves, lignum Rhodii, oil 
of oranges, oil of marjoram, oil of lavcndar, oil of rofe- 
mary, effence of rofemary, cedar, black balfam of Pe¬ 

ru, fandarac, whit eft maftic, and Venice turpentine. 
With this holy mixture the baptized peifon is anointed, 
the prieft making with it the fign of the crofs on his 

forehead, on his eyes, his noftrils, his mouth, bo.h ears, 
his breaft, his hands, and his ft#;; facing at each part, 
“ The feal of the gift of the; Holy Ghoft. Amen.” 

Then with the fponfor and the child he goes thrice 
round the font, turning from the right to the left; the 
choir, in the mean time, finging, “ As many of you as 
are baptized unto Chrift have put on Chrift, allelujah.” 

Seven days after this ceremony is performed, the 
child is again brought to the church ; when the prieft, 
after praying for him, unties his girdle and linen clothes, 
wafhes him with clean water, and, fpriiikling him, fays, 

“ Tllou haft been juftified, enlightened, fan&ified in 
the name of our Lord Jefus Chrift, and with the Spirit 
of our God.” 1 hen taking a new fponge moiftened 
with water, he wafhes his face, breaft, &c.; faying, 

“ Thou haft been baptized, enlightened, anointed, fanc- 
tified, wafhed, in the name of the Father, and of the Son, 
and of the Holy Ghoft, now and for ever, even unto ages 
of ages. Amen.” & 

The laft ceremony appended to baptifm Is that ofTheton- 
the tonfure, or (having the head of the child in the Cure, 
form ot the crofs. At what time this rite crept into 
the church it would not be eafy to difeover. Some 

think it leceived its origin from the religious ceremo¬ 

nies of the Heathen, who certainly rounded the corners 

3 I of 

.. FlLJF 7o'6' W1-11 P,erce,yef that marn>r thefe rites and ceremonies are common to the Greek church and 
the church of Rome in the celebration of the facrament of baptifm. Ch and 

(f) We quote the words of Dr King, taking it for granted that our readers will pardon our not a-h,.*™ 

4” “S«',h“ rp'Ci“ “ °f ‘I* hef,Z 
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of their heads, and marred their beards, at a very early 
period, in honour of their idols (See Theology, n 
j r(j. Encycl,) ; and fome pious, but foolifh Chriltians, 
efteemed it highly commendable to transfer to the true 
God that worihip, in a different form, which had been 
rendered by their anceftors to falfe deities. Others 
will have the tonfure to typify the dedication of the 

perfon to the fervice of God ; the cutting off of the 
hair being always cordidered as a mark of fervitude. 

Be thefe conje&ures as they may, the prieft, after the 
child is baptized, offers up for him feveral prayers, all 
alluding to the rite to be performed; and then cuts his 
hair crofswife, faying, “ N the fervant of God is fhorn, 

in the name of the Father, and of the Son, and or the 
Holy Ghoft, now and for ever, even unto ages of ages. 

Amen/’ . . , 
We have given a full account of the manner in wincn 

the facrament of baptifm is celebrated among the 
Greeks, that the reader may have fome notion of the 
childifh fuperftition of that church, with which certain 
zealous Proteftants in England were very defirous, at 
the beginning of this century, to form a union. There 

_ is no occafion for dwelling fo long upon their other of- 

The Greeksfices. For the celebration of the Lord’s Supper they 
have three have three liturgies that are occafionally ufed, viz. that 
- 0f St Chryfoftom, which is in ordinary daily ufe; that 

of St Bafil, ufed on particular days ; and that of the 
prefanaified, as it is called, which is ufed on the Wed- 
nefdays and Fridays during the great fall before Eafter. 

Between the liturgies of St Chryfoftom and St Bahi 
there is no effential difference; and the office of the pre- 
fan&ified is merely a form of difpenfing the communion 
with elements which had been confecrated on the pre¬ 
ceding Sunday. We would gladly infert the liturgy of 

St Chryfoftom, or at leaft fuch an abftradl of it as we 
have given of the form of adminiftering baptifm ; but 

as our limits will not permit us to do fo, we muft refer 
iuch of our readers as have any curiofity refpeaing 

fubjeds of this nature to Dr King’s Kites and Ceremo¬ 

nies of the Greek Church. 
It is proper, however, to obferve here, that many 

fuperftitious ceremonies have been added to the fervice 

fince the age of St Chryfoftom, and that no man can 
compare bis genuine works with the liturgy which now 
goes under his name, and entertain the fmalleft doubt 

but that the latter has been greatly, though gradually, 

Stranee ce- corrupted. In the ofFertory there is a ftrange ceremo- 
retnony at ny, cabled the Jlayhg of the Holy Lamb, when the prieft, 

-‘r" taking into his left hand one of the five loaves which 
are to be confecrated, thrufts a fpear into the right fide 

of it • faying, “ He was led as a lamb to the (laugh- 
ter ;”’then into the left fide, adding, “ And as ablame- 
lefs lamb before his ihearers is dumb, fo lie openeth not 
bis mouth then.into the upper part of the loaf; lay- 

iog, “ In his humiliation his judgment was taken away: 

and into the lower part ; adding, “ And who fhall de¬ 

clare liis generation ?” Fie then thrufts the fpear o* 
bliquely into the loaf, lifting it up, and faying, “ For v 
his life was taken away from the earth.” After this 
he lays down the loaf, and cutting it crofswife, fays, 
a The Lamb of God, which taketh away the fins of 

the world, is (lain for the life and falvation of the world.” 
All this, and more to the fame purpofe, is unqueftion- 
ably modern; but we have no doubt but that the prieft 
ufes the words of Chryfoftom himfelf, when, in the 
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confecration of the elements, he fays, “ We offer unto The confe- 
thee this reafonable, this unbloody facrifice ; and we oration of 

implore, we pray thee, we humbly befeech thee, to fend 
down the Holy Spirit upon us, and thofe oblations 
prefented unto thee; and make this bread the precious 

body of thy Chrift ; and that which is in this cup the 
precious blood of thy Chrift, changing them by thy 

Holy Spirit.” . _ t . 
Dr King obferves, that this invocation ot the Holy 

Spirit upon the elements, which in the eaftern church 

is always ufed after the words of Chrift, “ This is my 
body, this is my blood, &c.” is inconfiftent with the 
Popifh do&rine of tranfubftantiation : and he is un¬ 

doubtedly right; for the church of Rome teaches, that 
the change is made about the middle of the mak, when 
the prieft, taking into his hand firft the bread and then 
the wine, pronounces over each feparately the facred 
words of confecration; i.e. the words of Chrift. “ It 

is the office of the prieft, in this and in all other facra- 
ments (fays a dignitary of that church), only to per¬ 
form the outward fenftble part ; but the iuward lnvilible 

effe& is the work of the great God, who accordingly 

changes the fubftance of the bread and wine into the 
body and blood of Chrift the very inftant that the fa¬ 
cred words of confecration are pronounced by the prieft 
over them.” But if this be fo, it would be impious, 
and we believe that by the church of Rome it is deem¬ 
ed impious, to pray afterwards, that God would fend 
down his Holy Spirit to change into the body and 

blood of Chrift elements which he had already changed 
into that body and blood, in confequence of the prieft s 
pronouncing over them the all-powerful words of Limit. 
Yet is it certain, that in the prefent Greek church tran- 
fubftantiation is as much an article of faith as in the 

church of Rome ; for now every bifliop at his conie- 
cration declares, in the moft folemn manner, that he be- i8 
lieves and “ underftands that the tranfubftantiation 

the body and blood of Chrift, in the holy {upper, is ef- 

fefted by the influence and operation of the Holy 
Ghoft, when the bifhop or prieft invokes God the Fa- 
ther in thefe words, and make this bread the precious 
hody of thy Chrift, &c.” This is indeed a different ac¬ 
count from that of the Latin church of the time at 
which this portentous changers wrought; but fuch dif¬ 

ference is a matter of very little importance (g). L 

the change itfelf be admitted, the confequence mult be 

the fame, whether it be fuppofed to take place when 

(o) Mr 1« fern, ,» tab. whether tranfubftantiation be the “j tttt'befoed ifS 
a converfation which he had on the fubjett with a priel, w io o e J Saviour’s bodv and blood. It muft 
eonverfion of the fubftance of the bread and wine into the fubftance of our dt^Wne not to be 

be remembered, however, that the prieft bad at the time a powerful reafo■ though it muft not be 

true. The Jefuits uniformly atteft, that the Abyflinmns believe nud;c/the language of Abyffinia more 
forgotten that Ludolf was of a different opinion, and that no man had ftudied the language oi ap) 

fuccef&fully than he. 
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Chu^h. the prieft pronounces the words of inftitution, or after 
\r“"~ he has invoked the defcent of the Holy Ghoft ; in ei¬ 

ther cafe it leads to idolatry. It may be proper to men¬ 
tion, that in the Greek church it is deemed effential to 
the validity of this holy facrament, that a little warm 
water be mixed with the wine ; that the napkin, which 

is fpread over the holy table, and anfvvers to the cor¬ 
porate of the church of Rome, be confecrated by a bi- 
fhop, and that it have fome fmall particles of the re* 

cate in both hques of a martyr mixed in the web, otherwife the eu- 
kinds. charift cannot be adminiftered. In this church chil¬ 

dren may receive the communion immediately after bap- 
tifm ; and the lay communicants, of whatever age, re¬ 
ceive both the elements together, the bread being fop- 
ped in the cup : The clergy receive them feparately. 

We have obferved, that one of the feven myjleries or 
facraments of the Greek church is confeffion; but among 

the Greeks it is a much more rational and edifying 
fervice than in the church of Rome. In the Greek 
church the end of confeffion is the amendment of the 
penitent ; in the church of Rome it is to magnify the 
glory of the prieft. In the former church, the confef- 
fors pretend only to abate or remit the penance, decla¬ 
ring the pardon from God alone ; in the latter, they 
take upon them to forgive the fm itfelf. The Greek 
church prefcribes confeffion four times in the year to 
all her members ; but the laity, for the moft part, con- 
feis only once a year previous to receiving the holy com¬ 
munion ; and to this they are in Ruffia obliged by the 
laws of the empire. 

The ceremonies with which matrimony is performed 
in the Greek church confift of three diftinft offices, 
formerly celebrated at different times, after certain in¬ 
tervals, which now make but one fervice. Firft, there 
was a folemn fervice, when the parties betrothed them- 
felves to each other, by giving and receiving rings or 
other prefents, as pledges of their mutual fidelity and at¬ 
tachment. The ancient ufage was for the man to re¬ 
ceive a gold ring and the woman a filver one, which 
is ftill alluded to in the rubric, though, in the prefent 
pra&ice, the rings are generally both of gold. At this 

time the dowry was paid, and certain obligations were 
entered into to forfeit fums in proportion to it, if ei¬ 
ther of the parties fhould refufe to ratify the engage¬ 
ment. At this ceremony, called the or record¬ 
ing of the pledges before witneffes, the prieft gives lighted 
tapers to the parties to be contra&ed, making the fign 
of the crofs on the forehead of each with the end of 
the taper before he deliver it. 

The fecond ceremony, which is properly the mar¬ 
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riage, 1*3 called the office of matrimonial coronation, from Church, 
a lingular circumftance in it, that of crowning, the par- 

ties. This is done in token of the triumph of conti¬ 
nence ; and therefore it has, in fome places, been omit¬ 
ted at fecond marriages. Formerly thefe crowns were 

garlands made of flowers or flirubs ; but now there are 
kept, in moft churches, crowns of filver or fome other 
metal for the celebration of matrimony. At the put¬ 
ting of them on, the prieft fays, “ N, the fervant of 
God, is crowned for the handmaid of God ; and “ N, 
handmaid of God, 1*3 crowned for the fervant of God, 
in the name of the Father, and of the Sou, and of the 
Holy Ghoft adding thrice, “ O Lord our God, 
crown them with glory and honour.” 

The third ceremony is that of diffolving the crowns 
on the eighth day; after which the bride is condii&ed 
to the bridegroom’s lioufe, immediately to enter on the 
cares of his family. 

With refpedt to difeipline and government, the Greek 

church bears a ftriking refemblance to that of Rome, and fecuUr 
In both there is the fame divifion of the clergy into clergy, 

regular and fecular; the fame fpiritual jurifdi&ion of 
biffiops and their officials, and the fame diftin&ion of 

ranks and offices. In fome points the difeipline of the 
Greeks differs from that of the Romans. All orders 
of fecular clergy in the Greek church inferior to bilLops 
are permitted to marry ; but celibacy, and the affump- 

tion of the monaftic habits, are indifpenfably requifitc 
in thofe who are candidates for the mitre. The regu¬ 
lar clergy, fays Mr Dallaway, are generally men of a 

certain education; whereas the feculars are of the 
meaner fort, and illiterate in the extreme. 

In the Greek church there are five orders of clergy Five orders 
promoted by the impofition of hands ; but it does not°f clergy, 
appear that the ordination of the reader, or of the fnb- 
deacon, is confidered as a facrament. The forms ufed 
in the ordination of deacons, prefbyters, and bifhops, 
are ferious and fignificaiit (h), bearing in themfelves 
evidence of great antiquity. The candidate for the 
deaconate or priefthood kneels before the holy table, 
and the biffiop, laying his right hand on his head, faith, 24 

66 The divine grace, which healeth our infirmities, and Form of 

fupplieth our defe&s, promoteth N, the moft piousfub-ordination* 

deacon, to the order of deacon or, in the cafe of the 
priefthood, “ The moft pious deacon to the order of a 
prejbyter ; let us pray for him, that the Grace of the 
Holy Spirit may come upon him.” It does not ap¬ 
pear, from Dr King’s account of thefe offices, that in 
the Grqek church the attending prefbyters lay on their 
hands together with the bifhop at the ordination of a 

3 I 2 prefbyter. 

(h) We muft except thofe ufed in the church of Abyffinia, which, according to Mr Bruce, are fhamefully in¬ 
decent. “ A number of men and children prefent themfelves at a diftance, and there ftand, from humility, not 
daring to approach the abuna or bifhop. He then afks who thefe are ? and they tell him that they want to be 

deacons. On this, with a fmall iron crofs in his hand, after making two or three figns, he blows with his mouth 
'twice or thrice upon them ; faying, Let them be deacons. I faw once (fays our author) all the army of Ecgem- 

dermade deacons, juft returned from fhedding the blood of 10,000 men. With thofe were mingled about 1000 

women, who consequently having part of the fame blaft and brandifhment of the crofs, were as good deacons as 
the reft. In the ordination of priefts a little more ceremony is ufed; for they muft be able to read a chapter 
of St Mark, which they do in a language of which the abuna underftands not one word. They then give him 

a brick of fait, to the value perhaps of fixpence, for their ordination ; which, on account of» this prefent, the 

Jefuits maintained to be Simoniacal.” There is but one bifhop or abuna in Axbyffiman, and he is always a fo¬ 
reigner, fubordinate in his jurifdi&ion to the patriarch of Alexandria. 
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Church, prefbyter, as is pra&ifed in the church of England ; but 

feveral bifhops lay on their hands together with the 

archbifhop at the confecration of a bifhop. 
This is indeed a very folemn ceremony. The can¬ 

didate for the epifcopate, who is always an archiman¬ 
drite or ibieromonachus, i. e. an abbot or chief monk in 
fome monaftery, being named to the vacant fee, and 
the ele&ion being confirmed, repairs, at the time ap¬ 
pointed, to the church where the confecration is to be 
performed. Being arrived, he is introduced by the 
proto-pope (1) and proto-deacon to the archbifhop and 

bifhops, who are arranged in proper order on a tempo¬ 
rary theatre or platform ere&ed in the church for the 
occafion. He there gives an account of his faith ; de¬ 
clares folemnly that he has neither given nor promifed 
money, or any bribe-worthy fervice, for his dignity ; 

and promifes to adhere fteadily to the traditions and 
canons of the eaftern church, to vifit his diocefe regu¬ 
larly, and to oppofe flrenuoufly all innovations and he- 

• refies, particularly the errors of the Latin church. This 
being done, the archbifhop fays, “ The grace of the 
Holy Spirit, through my humility, exalts thee N. archi¬ 
mandrite or hieromonachus, beloved of God, to be 

bifhop of the cities N. N. which God preferve.” With 
much ceremony the bifhop ele£ is then conduced from 

the theatre, within the rails of the htdy altar, where he 
kneels down with the other bifhops, who hold open 
over his head the holy gofpel ‘with the letters inverted, 
the archbifhop faying aloud, “ The divine grace, which 
always healeth our infirmities, and fupplieth our defers, 

by my hand condufteth thee N. archimandrite or hiero¬ 
monachus, beloved of God, bifhop ele& of the cities of 
N. N. which God preferve !—Let us pray therefore 
for him, that the Grace of the moft Holy Spirit may 
come upon him.” Then the priefts fay thrice, “ Lord 
have mercy upon us and while the bifhops continue 
to hold the gofpel, the archbifhop figns the newly con- 
fecrated bifhop thrice with the fign of the crofs, faying, 
«« In the name of the Father, and of the Son, and of the 

Holy Ghofl, now and for ever, even unto ages of ages. 
Amen.” Then all the bifhops putting their right hands 
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The laft facrament of the Greek church is that of Church* 

the holy oil or euchelaion, which is not confined to per- 
fons periculofe agrotantibus, et mortis periculo imminente, 
like the extreme un&ion of the Romifh church ; but is 
adminiftered, if required, to devout perfons upon the 
flighted malady. Though this ordinance is derived 
from St James, chap. v. ver. 14, 15. it is by no means 
deemed neceffary to falvation, or obligatory upon all 

Chriftians ; and it is well that it is not, for feven priefts 
are required to adminifter it regularly, and it cannot be 

adminiftered at all by lefs than three. The oil is con- 
fecrated with much folemnity ; after which each prieft, 

in his turn, takes a twig, and dipping it in the oil now 
made holy, anoints the Tick perfon crofs-wife, on the 

forehead, on the noftrils, on the paps, the mouth, the 
bread, and both fides of the hands, praying that he may 
be delivered from the bodily infirmity under which he 

labours, and raifed up by the grace of Jefus Chrift. 
In the Greek, as well as in the Latiri church, there 

is a fervice, called the divine lavipedium, obferved on the 
Thurfday, of paflion-week, in imitation of our Saviour’s 
humility. At Conftantinople Jefus Chrift is, on this 
occafion, perfonified by the Patriarch, and everywhere 
elfe by the bifhop of the diocefe, and the twelve apoftles 
by twelve regular priefts, when a ludicrous conteft ariles 
who fhall reprefent Judas ; for the name attaches for 

life. This office is perfcAmed at the weft end of the 
church, where an arm-chair is fet at the bottom, facing 

the eaft, for the bifhop ; and on each fide are placed 
twelve chairs for the twelve priefts, who are to repre¬ 

fent the twelve apoftles. The prayers and hymns ufed 
on this occafion are exceedingly beautiful and appro- 

26 

priate; and when the firft gofpel, relating our Saviour’s 

wafhing of his difeiples feet, begins to be read,, the 
bifhop or patriarch rifes up, and takes off his pontifical 
veftments by himfelf without affiftance. He then girds 
himfelf with a towel, and taking a bafon of water in 
his hand, kneels down and wafhes one foot of each 
prieft, beginning with the youngeft ; and after having 
wafiled it he kiflfes it. All this is done as the feveral 

Amen.77 l'hen ail tne onnops putting ineir rigiu nanus circumftances are read ; and when he comes to the laft 
on his head, the archbifliop prays that he may be con- pneft, who is fuppofed to reprefent Peter, that prieft 

firmed in the office of which they have judged him rffeth up and/aith, “ Lord, doft thou wafh my feet . ... in _ _ _ _ , „ 
worthy, that his priefthood may be rendered irreproach¬ 

able, and that he himfelf may be made holy and worthy 
to be heard of God. After this, one of the affifting 
bifhops reads a fhort litany in a low voice, to be heard 
only by thofe within the altar, and the other bifhops 
make the refponfes. At the end of the litany the arch¬ 
bifhop, laying his hand again upon the head of the new¬ 
ly confecrated bifhop, prays in very decent and devout 
terms, that Chrift will render him an imitator of himfelf. 

&c. The bifhop anfwers in the words of our Saviour ; 

and having finifhed the whole, puts on his garments a- 
gain, and fits down ; and as the fecond gofpel is read (k),_ 
repeats the words of our Saviour, “ Know ye.what I, 
have done unto you ?” &c. The office is certainly an¬ 
cient, and, if decently performed, muft be affeding. . *7 

Under the word Patriarchs, Encycl we have gi*The privi- 

ven a fufficient account of the rife of the patriarchates,1^ 
as well as of the various degrees of rank and authority^ Confta&. terms, that Chnit will render lnm an imitator ot nimien, as weu as ui me vcu^c■ . “ n i <>1 com 

the true Shepherd ; that he will make him a leader of claimed by the bifhops of feveral other fees in he Gre tmople. 

the blind, a light to thofe who walk in darknefs, and a chuch. It may be. proper to add here, that afterthe 

teacher of infants ; that he may fhiue in the world, and taking of Conftantinop e ^ y^ ° f * e c 

receive at laft the great reward prepared for thofe who 
contend boldly for the preaching of the gofpel. After 
this the paftoral-ftaff is delivered to the new bifhop, 
with a very proper and folemn exhortation from the 
archbifhop, to feed the flock of Chrift committed to his 

care. 

nued to the patriarch of that city the fame prefent 
which the Greek emperors had been accuftomed to 

make—a paftoral ftaff, a white horfe, and four hundred 
ducats in gold. To the Greek church and the main^ 
tenance of its clergy he left indeed ample revenues, 
which they have gradually facrificed to their incomtan*. 

cy> 

(1) In the Greek church all parifh priefts are called papas or popes ; and.the proto-pope is-an archprefbyter* 

(k) The firft gofpel is John xiii. 3—12. The fecond gofpel is John xiii. 12—iS. 
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Church, cy, their ambition, and their private jealonfy. Still, 
Chufan. however, the patriarch of Conftantinople fills a very lu- 

crative and high office. ** Befides the power of nomi¬ 
nating the other three patriarchs, and all epifcopal dig¬ 
nitaries (fays MrDallaway), he enjoys a moft extenfive 
}urifdi<ftion,comprifing the churchesof Anatolia, Greece, 
Wallachia, Moldavia, and the iflands of the Archipelago. 
Since the clofe of the iixteenth century, the Ruffian 
church has claimed a jurifdi&ion independent of the fee 
of Conftantinople ; though appeals have been made to 
that fee in cafes of extraordinary importance. The in¬ 
fluence of the patriarch with the Porte is very extenfive, 
as far as his own nation is concerned. His memorials 
are never denied ; and he cau, in fa£l, command the 
death, the exile, imprifonment for life, depolition from 
offices, or pecuniary fine, of any Greek whom he may 
be inclined to punifh with rigour, or who has treated his 
authority with contempt. On the death of the patri¬ 
arch the moil eager competition is exerted to fill the 
vacant throne ; which, as it is obtained by bribery and 
intrigue, is of courfe a very unftable feat to the fuccefs- 
ful candidate, ffiou]d another offer to accept the appoint¬ 
ment at a lower falary.” For a fuller account of the 
do&rines, difcipline, and worfhip of the Greek church 
at prefent, we refer the reader to King's Rites and Ce¬ 
remonies of the Greek Church in Rujfia, and to Dalla- 

•way's Cotijlaniinople ancient and modern (publiffied in 

1797) > from which two works this abftraft has been 
moftly taken. 

CHUSAN-Islands, a clufter of fmall iflands on the 
eail coil of China, which were vifited by Lord Macart¬ 
ney in his courfe to Pekin. Moil of thefe iflands feem 
to be hills rifing regularly out of the fea, and rounded 

at top, as if any points or angles txiiling in their ori¬ 
ginal formation had been gradually worn off into a 
globular and uniform ffiape. Many of them, though 
clofe to each other, are divided by channels of great 
depth. They reft upon a foundation of grey or red 
granite, fome part refembling porphyry, except in 
kardnefs. They were, certainly, not formed by the 
fucceffive alluvian from the earth brought into the fea 
by the great river at whofe mouth they are fituated, 
like the numerous low and muddy iflands at the mouth 
of the Po, and many others ; blit fhould rather be con- 
fidered as the remains of part of the continent thus 
fcooped and furrowed, as it were, into iflands, by the 
force of violent torrents carrying off, further into the 
fea, whatever was lefs refiftable than the rocks juft men¬ 
tioned. Some of them wore a very inviting afpe<ft ; 
one in particular, called Poo-too, is defcribed as a per- 
feA paradife.. This fpot was chpfen, no doubt, for its 
natural beauties, and afterwards embellifhed, by a fet of 
religious men, who, to the number of three thoufand, 
poftefs the whole of it, living there in a ftate of celi¬ 
bacy. It contains four hundred temples, to each of 
which are annexed dwelling-houfes and gardens for the 
accommodation of thofe monks. This large monaftery, 
as it may be called, is richly endowed, and its fame is 
fpread throughout the empire. 

T. he Englifh Fall India Company had once a fadlory 
at Chufan, the principal of thefe iflands, from which 
they were many years ago interdi&ed. This, accord¬ 
ing to the account of a Chinefe merchant who remem¬ 

bered the fa&ory, was not occafioned by any offence 

given by the Englifh, but by the. avarice of the officers 

governing at Canton, who draw large fums from the 

accumulation of foreign trade in that port. Perhaps, 

too, the exceffive jealoufy of the Chinefe government 
might fancy danger ir» the unreftrained communication 
between foreigners and the fubje&s of that empire in 
feveral of its ports at the fame time. 

Ting-hai, the chief town of Chufan, refembles Ve¬ 
nice, but on a fmaller fcale. It is furrounded, as well 
as interfered, by canals, over which are thrown fleep 

bridges, afcended by fteps like the Rialto. The ftreets 
are narrow, and paved with fquare flat ftones; but the 
houfes, unlike the Venetian buildings, are low andmoft- 

ly of one ftory. The ornaments of thefe buildings are 
confined chiefly to the roofs, on the ridges of which are 
uncouth figures of animals in clay, ftone, or iron. The 
town is full of fhops, containing chiefly articles of clo¬ 
thing, food, and furniture, difplayed to full advantage. 
Even coffins are painted in a variety of lively and con- 
trafting colours. The fmaller quadrupeds, including 
dogs, intended for food, are expofed alive for fale, as 
well as poultry, and fifli in tubs of water, with eels in 
fand. AVhen the gentlemen belonging to the embafiy 
were at Ting-hai, they were ftruck with the number of 

places where tin-leaf and flicks of odoriferous wood, 
were fold for burning in the temples, which indicated 
no flight degree of ihperftition in the people. Super- 
ftition, however, made them not idle ; for throughout 
the whole place there was a quick and adlive induftry. 

Men palled bufily through the ftreets, while not an in¬ 
dividual was feen alking alms ; and the women were 
employed in the fhops. At Chufan, the number of 
valuable harbours, or places of perfedl fecurit/• for fhips 
of any burden, is almoft equal to the number of iflands. 
This advantage, together with'that of their central fi- 
tuation, in refpedl to the eaftern coll of China, and the 
vicinity of Corea, Japan, Leoo keoo, and Eormofa, at¬ 
tract confiderable commerce, efpecially. to Ning;poo, a 
city of great trade in the-adjpining province of Che-chi- 
ang, to which all the Chufan iflands are annexed. From 
one port in that province twelve veflels fail annually for 
copper to Japan. 

Recording to Brookes, Chufan ia in N. Lat. 30. oa. 
M|»E. Long. 124. o. 

'JC INARA, or Cynara, which we translate arti¬ 
choke, is, according to Profeflbr Beckmann, the name 
which was given by the ancients to a plant very diffe¬ 
rent from the artichoke of our kitchen gardens, though 
he admits that they belong to the fame genus. The 
proofs which lie adduces for the truth of his opinion 
are too tedious to be introduced into this Work, efpe¬ 
cially as they appear not to .us to beabfolutely conclufive. 
We mult therefore refer the reader to his Hiftory of 
Inventions. The cinarat carduus, and fcolymits (fee 
Scolymus in this Supplement), were in his opinion 
fpecies of the thi/lle, of which the roots and young 

Jhootsas well as the bottom of the calyx of . the laft, 
were eaten. He has proved indeed, he thinks, that 
the Greeks and Romans ufed the pulpy bottom of the, 
calyx, and the tendered: ftalks and young fhoots of ma¬ 
ny plants belonging to the thiftle kind, in the fame 

manner as we ufe artichokes and cardoons, but that 
thefe latter were unknown to them. 

“ It appears probable (fays he) .that the ufe of thefe/ 
thiftles, at leaft in Italy and Europe in general, was iir. 
the courfe of time laid afide and forgotten* andthat the 

srti* 

Chilian, 
Cinara. 
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• Cmrabar artichoke, when it was fir ft brought to Italy From the 

Levant. wasconfidered as a new fpecies of food. It is 
^undoubtedly certain that our artichoke was firft known 

in that country in the 15th century. Hermolaus Bar- 
barns, who died in 1494, relates that this plant was 
firft feen at Venice in a garden in 1473, at which time 
it was very fcaree. About the year 1466, one of the 
family of Strozza brought the firft artichokes to Flo¬ 
rence from Naples. Politian, in a letter in which he 
deferibes the dilhes he found at a grand entertainment 

in Italy in 1488, among thefe mentions artichokes. 
They were introduced into France in the beginning of 

the 16th century, and into England in the* reign of 

Henry VIII.” 
The original country of the artichoke is unknown. 

Linnaeus fays that it grew wiH in Narbonne, Italy, 
Aind Sicily, as the caidoon did in Crete ; but our au¬ 
thor has proved very fufficiently, that with refpedl to 
'both thefe fads the great botanill was mifinformed. 
The artichoke is certainly known in Perfia ; but Ta¬ 
vernier fays exprefsly, that it was carried thither, like 

■nfparagus and other European vegetables of the kitchen 

garden, by the Carmelite and other monks; and that 

it was only in latter times that it became common. 
CINNABAR. See Chemistry in this Supplement, 

ui° 91. 
CIRCLE of Curvature, or circle of equicurva- 

ture, is that circle which has the fame curvature with a 
^iven curve at a certain point ; or that circle whofe ra¬ 

dius is equal to the radius of curvature of the given 

curve at that point. 
Circles of Declination are great circles interfering 

each other in the poles of the world. 
Circle of Dijjipation, in optics. See Optics, En- 

cycL n° 253. 
Circle Equant, in the Ptolemaic ailronomy, is. a 

circle deferibed on the centre of the equant. Its chief 

ufe is to find the variation of the firft inequality. 
Circles of Excurfton are little circles parallel to the 

ecliptic, and at fuch a diftance from it, as that the ex- 
curfions of the planets towards the poles of the ecliptic 
may be included within them ; being ufually fixed at 

about \6 degrees. , , 
Circles of P of lion, are circles palling through the 

common interfedions of the horizon and meridian, and 

through any degree of the ecliptic, or the centre of 

any ftar, or other point in the heavens; and are ufed 
for finding out the fituation or pofition of any ftar. 
Thefe are ufually fix in number, cutting the equinodial 

into 12 equal parts, which the aftrologers call the celef 

Ual houfes, and hence they are fometimes called circles 

of the celef ial houfes. 
CIRCULAR Lines, a name given by fome authors 

to fuch ftraight lines as are divided by means of the di- 
vifions made in the arch of a circle ; fuch as the fines, 

tangents, fecants, &c. # 
Circular Parts, called, from the ufe which he firft 

made of them, Napier's circular parts, are the five parts 
of a right-angled or a quadrantal fplierical triangle ; 
they are the two legs, the complement of the hypothe- 
nufe, and the complements of the two oblique angles. 

Concerning thefe circular parts, Napier gave a gene¬ 
ral rule in his Logarithmorum Canonis Defcrtptio, which 
is this ; “ The redangle under the radius and the fine 

of the middle part is equal to the redangle under the 

] C O A 
Circular tangents of the adjacent parts, and to the redangle un* 

der the cofmes of the oppofite parts. The right angle 
or quadrantal fide being ncgleded, the two fides and , 
the complements of the other three natural parts are 
called the circular parts, as they follow each other as it 

were in a circular order. Of thefe, any one being fix¬ 
ed upon as the middle part, thofe next it are the adja¬ 
cent, and thofe fartheft from it the oppofite parts.” 

This rule contains within itfelf all the particular rules 

for the folution of right-angled fpherical triangles, and 
they were thus brought into one general comprehenlive 
theorem, for the fake of the memory ; as thus, by 
charging the memory with this one rule alone : All the 
cafes of right-angled fpherical triangles may be refol- 
ved, and thofe of oblique ones alfo, by letting fall a 
perpendicular, excepting the two cafes in which there 
are given either the three fides, or the three angles. A nd 
for thefe a fimilar expedient has been devifed by Lord 
Buchan and Dr Minto, which may be thus expreffed: 
“ Of the circular parts of an oblique fpherical triangle, 

the re&angle under the tangents of half the fum and 
half the difference of the fegments at the middle part 
(formed by a perpendicular drawn from an angle to the 

oppofite fide), is equal to the re&angle under the tan¬ 
gents of half the fum and half the difference of the op¬ 
pofite parts.” By the circular parts of an oblique fphe¬ 
rical triangle are meant its three fides and the fupple- 
ments of its three angles. Any of thefe fix being af- 
fumed as a middle part, the oppofite parts are thofe 
two of the fame denomination with it, that is, if the 
middle part is one of the fides, the oppofite parts are 
the other two, and, if the middle part is the fupple- 
ment of one of the angles, the oppofite parts are the 
fupplements of the other two. Since every plane tri¬ 
angle may be confidered as deferibed on the furface of 

a fphere of an infinite radius, thefe two rules may be 
applied to plane triangles, protided the middle part be 

reftri&ed to a fide. 
Thus it appears that two fimple rules fuffice for the 

folution of all the poffible cafes of plane and fpherical 
triangles. Thefe rules, from their neatnefs, and the 
manner in which they are expreffed, cannot fail of en¬ 
graving themfelves deeply on the memory of every one 
who is a little verfed in trigonometry. It is a circum- 
ftance worthy of notice, that a perfon of a very weaK. 
memory may carry the whole art of trigonometry in 

his head. 
CIRCULATING Decimals. See Decimals in 

this Supplement. 
CLOCK, a machine for meafuring time, of which a 

defeription is given in the Encyclopaedia. For the 

fcientific principles of clock and nhatch-making, as well 
as for a ffiort account of the moft valuable conftru£lioiu»|i 

fee Nf psych-Making in this Supplement. 
COACH, as we have obferved in the Encyclopaedia, 

is a very modern invention, if by that word be meant a 
covered carriage fufpended on fprings. We learn, in¬ 
deed, from tne laborious refearches of Profeffor Beck¬ 
mann, that coaches of fome kind were known in the be¬ 
ginning of the 16th century ; but they were ufed only 
bv women of the firft rank, for the men thought it 1- 
graceful to ride in them. At that period, when the 
eledlors and princes did not choofe to be prefent at the 
meetings 'of the ftates, they excufed themfelves by in¬ 

forming the emperor that their htalth did not permit 
* r them 
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Coach, them to ride on horfeback ; and It was confidered as a 

point eftablifhed, that it was unbecoming for them to 

ride like wome.n. It is certain, however, that, about 
the end of the 15th century, the emperor, kings, and 
princes, began to employ covered carriages on journeys, 

and afterwards on public folemnities. 
The wedding carriage of the firft wife of the Empe¬ 

ror Leopold, who was a Spaniih princefs, coll, together 

with the barnefs, 38,000 florins. The coaches ufed by 
that Emperor are thus deferibed by Kink: “ In the 
imperial coaches no great magnificence was to be feen ; 
they were covered over with red cloth and black nails. 
The harnefs was black, and in the whole work there 
was no gold. The pannels were of glafs, and on this 
account they were called the imperial glafs coaches. On 
fellivals the harnefs was ornamented with red filk frin¬ 
ges. The imperial coaches were diftinguifhed only by 
their having leather traces ; but the ladies in the impe¬ 
rial fuite were obliged to be contented with carriages, 
the traces of which were made of ropes.” At the mag¬ 
nificent court of Duke Erneft Auguftus of Hanover, 
there were in the year 1681 fifty gilt coaches with fix 
horfes each. So early did Hanover begin to furpafs 
other cities in the number of its carriages. The firft 
time that ambaffadors appeared in coaches on a public 
folemnity was at the imperial commiffion held at Er- 
furth in 1613 refpe&ing the affair of Juliers. 

In the hiftory of France we find many proofs that at 
Paris, in the 14th, 15th, and even 16th centuries, the 
French monarchs rode commonly on horfes, the fervants 
of the court on mules, and the princeffes, together with 
the principal ladies, fometimes 011 affes. Perfons of the 
firft rank often fat behind their equerry, and the liorfe 
was often led by fervants. Carriages, however, of fome 
kind appear to have been ufed very early in France. 
Au ordinance of Philip the Fair, iffued in 1294 for fup- 
prefiing luxury, and in which the citizens wives are for¬ 
bid to life carriages (cars)y is ftill preferved. Under 
Francis I. or rather about 1550, fomewhat later, there 
were in Paris for the firft time only three coaches. 

The oldeft carriages ufed by the ladies in England 
were known under the now forgotten name of whirli- 
cotes. When Richard II. towards the end of the 14th 
century, was obliged to fly before his rebellious fub- 
je£ls, he and all his followers were on horfeback ; his 
mother only, who was indifpofed, rode in a carriage. 
This, however, became afterwards fomewhat unfafhron- 
able, when that monarch’s queen, Ann, the daughter of 
the Emperor Charles IV. fhewed the Englifh ladies how. 
gracefully and conveniently fhe could ride on a fide- 
faddle. Whirlicotes were laid afide, therefore, except 
at coronations and other public folemnities. Coaches 
were firft known in England about the year 1580, and, 
as Stow fays, were introduced from Germany by Fitz- 
allen, earl of Arundel. In the year 1598, when the 
Englifh ambaflador came to Scotland, he had a coach 

with him. Anderfon places the period when coaches 
began to be in common ufe about the year 1605. The 
celebrated duke of Buckingham, the unworthy favou¬ 
rite of two kings, was the firft perfon who rode with a 

coach and fix horfes, in 1619. To ridicule this new 

pomp, the earl of Northumberland put eight horfes to 
his carriage. 

Refpedfing the progrefs of luxury with regard to 

coaches, the reader will find ipuch curious information 

in the firft volume of Profeffor Beckmann's Htjlory of ^°bah* 

Inventions. It is perhaps one of the moft entertaining 
articles in that very learned work. The author, how¬ 
ever, with all his labour, has not been able to afeertain 

the country in which coaches hung on fprrrigs were firft 

ufed ; but he feerAs inclined to give the credit of the 
invention to Hungary. 

COBALT (fee Chemistry-Az^a;, in this Supple¬ 
ment), is a valuable article to potters and dyers. To 
fit it for their ufe, it is firft roafted and freed from the 
foreign mineral bodies with which it is united: it is then 
well calcined, and fold either mixed or unmixed with 
fine fand under the name of zaffer (*ajfera) ; or it is 
melted with filiceous earth and potafhes to a kind of 
blue glafs called fmalt, which when ground very fine is 
known in commerce by the name of powder blue. All 
thefe articles, becaufe they are moft durable pigments, 
and thofe which beft withftand fire, and becaufe one can 
produce with them every fliade of blue, are employed 
above all for tinging cryftal and for enamelling ; for 

counterfeiting opaque and tranfparent precious Hones, 
and for painting and varpifhing real porcelain and earth¬ 
en and potters ware. This colour is indifpenfably ne- 
ceffary to the painter when he is defirous of imitating 
the fine azure colour of many butterflies and ether na¬ 
tural obje&s; and the cheaper kind is employed to give 
a blueifh tinge to new.walhed linen, which fo readily 
changes to a difagreeable yellow, though* not without 
injury to the health as well as to the linen. 

Profeffor Beckmann, in his Hifloryof Inventions, gives 
the following account of the paint prepared from co¬ 
balt. “ About the end of the 15th century cobalt ap¬ 
pears to have been dug up in great quantity in the 
mines on the borders of Saxony and Bohemia, difeover- 
ed not long before that period. As it was not known 
at firft to what ufe it could be applied, it was thrown 
afide as a ufelefs mineral. The miners had an averfion 
to it, not only becaufe it gave them much fruitlefs la¬ 
bour, but becaufe it often proved prejudicial to their 
health by the arfenical particles with which it was com¬ 
bined; and it appears even that the mineralogical name 
cobalt then firft took its rife? At any rate, I have ne¬ 
ver met with it before the beginning of the i6tli cen¬ 
tury ; and Mathefius and Agricola feem to have firft 
ufed it in their writings. Frifeh derives it from the 

Bohemian word kowy which fignifies metal; but the 
conje&ure that it was formed from cobalus9 which was 
the name of a fpirit that, according to the fuperftitiousv 
notions of the times, haunted mines, deftroyed the la¬ 
bours of the miners, and often gave them a great deaF 
of unneceffary trouble, is more probable ; and there is 
reafon to think that the latter is borrowed from the 
Greek. The miners, perhaps, gave this name, to the" 
mineral out of joke, becaufe it thwarted them as much 
as the fuppofed fpirit, by exciting falfe hopes, and ren¬ 
dering their labour often fruitlefs. It was once cufto- 

mary, therefore, to introduce into the church fervice a 

prayer that God would preferve miners and their works , 
from lobolts and fpirits. 

“ Rdpe&ing the invention of making an ufeful kind 
of blue glafs from cobalt, we have no better information 

than that which Klotzfch has publiftied from the papers - 
of Chriftian Lehmann. The former, author of an hif- 
torical work refpeding the upper diftri& of the mines 

in Mifnia, and a clergy maa-at Scheibenberg, colle&edi 

witlis 
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Cobalt, with great diligence every information that refpe&ed 
—"Y—^ the hiflory of the neighbouring country, and died at a 

great age in 1688. According to his account, the co¬ 
lour-mills at the time when he wrote were about 100 
years old ; and as he began firft to write towards the 
end of the thirty years war, the invention feems to fall 

about 1540 or 1560. He relates the circumflance as 
follows: ‘ Chriflopher Schurer, a glafs-maker at Plat- 
ten, a place which belongs ftill to Bohemia, retired to 
Neudeck, where he eftablifhed his bufinefs. Being once 
at Schueeberg, he colle&ed fome of the beautiful co¬ 
loured pieces of cobalt which were found there, tried 
them in his furnace ; and finding that they melted, he 
mixed fome cobalt with glafs metal, and obtained fine 

blue glafs. At firft he prepared it only for the ufe of 
the potters; but in the courfe of time it was carried as 
an article of merohandife to Nuremberg, and thence to 

Holland. As painting on glafs was then much culti¬ 
vated in Holland, the artifts there knew better how to 
appreciate this invention. Some -Dutchmen therefore 

repaired to Neudeck, in order that they might learn the 
procefs ufed in preparing this new paint. By great pro- 

mifes they perfuaded the inventor to remove to Magde¬ 
burg, where he alfo made glafs from the cobalt of Schnee- 
berg ; but lie again returned to his former refidence, 
where he conflru&ed a handmill to grind his glafs, and 

•afterwards ere&ed one driven by water. At that pe¬ 
riod the colour was worthy! dollars per cWt. and in Hol¬ 
land from 50 to 60 florins. Eight colour mills of the 
fame kind, for which roafled cobalt was procured in calks 
from Sclineeberg, were foon conilrudled in Holland; and 
it appears that the Dutch mull have been much better 
acquainted with the art of preparing, and particularly 

with that of grindingit, than the Saxons; for the Elec¬ 
tor John George fent for two colour makers from Hol¬ 
land, and gave a thoufand florins towards the enabling 
them to improve the art. He was induced to make this 

advance chiefly by a remark of the people of Schnee- 
berg, that the part of the cobalt which dropped down 
while it was roafling contained more colour than the 

roafled cobalt itfelf. In a little time more colour-mills 
were ere&ed around Schneeberg. Hans Burghard, a 
merchant and chamberlain of Sclineeberg, built one, by 
which the eleven mills at Platten were much injured. 
Paul Nordhoff, a Frieflander, a man of great ingenuity, 

who lived at the Zwittermill, made a great many expe¬ 
riments in order to improve the colour; by which he 
was reduced to fo much poverty that he was at length 
forced to abandon that place, where he bad been em¬ 
ployed for ten years in the colour-manufa&ory. He 

retired to Annaberg, eftablifhed there in 1649, by the 
afiiftance of a merchant at Leipfic, • colour-manufa&o- 
ry, of which he was appointed the director; and by thefe 

means rendered the Annaberg cobalt of utility. The 
confumption of this article, however, mud have decrea- 

fed in the courfe of time ; for in tile year 1659, w^en 
there were mills of the fame kind at more of the towns 
in the neighbourhood of mines, he had on hand above 

8000 quintals.’ Thus far Lehmann.” 
Kofsler fays, that the Bohemian cobalt is not fo good 

as that of Mifnia, and that its colour is more.like that 
of allies. We trull, however, that the qualities of fo¬ 
reign cobalt fhall foon be a matter of little importance to 
the Britifh artift, as a rich mine of this mineral has late¬ 
ly been difeovered near Penzance in CornwaL 

COFFEA, the CoFFRR-Trce, is a plant which has 
been botanically deferibed in the Encyclopaedia Britan- v— 
nica, where fome account is likewife given of the modes 
of cultivating it, as well as of the qualities of its fruit. 
Since that account, however, was publifhed, two works 
have fallen into our hands, from which we deem it our 
duty to make fuch extra£ls as may not only correct 
fome miftakes which we had committed, but alfo com¬ 

municate ufeful information to the public. 
In our former article we adopted the common opi¬ 

nion, that the coffee produced in Arabia is fo greatly 
fuperior to that which is raifed everywhere elfe, that it 
is vain to think of cultivating the plant to any extent 
in the Well India iflands. We are happy to find that 
this is a vulgar error. In the year 1783, when the cul¬ 
tivation of coffee was not fo well underilood in Jamaica 
as at prefent, fome famples from that illand were pro¬ 
duced in London, and pronounced by the dealers to be 

equal to the very bell brought from the Eaft. “ Two 
of the famples were equal to the bell Mocha coffee, 
and two more of them fuperior to any coffee to be had 
at the grocers fhops in London, unlefs you will pay the 
price of picked coffee for it, which is two Ihillings per 
pound more than for that which they call the beji cof¬ 
fee. All the reft of the famples were far from bad cof¬ 
fee, and very little inferior, if at all, to what the gro¬ 

cers call bejl coffee * Mofeley*» 
If this be fo, it furely becomes the legiflature of Treatjfe on 

Great Britain to encourage the cultivation of coffee in^#*- 
the Well Indies, efpecially as it thrives bell in foil which 
is not fit for the fugar-cane, and may be raifed in con- 
fiderable quantities by thofe who are not able to Hock 
a fugar plantation. The encouraging every article which 

inertafes the intercourfe with our colonies is increafing 
our commerce. The payment for all the llaples of the 
Well Indies is made in our manufactures *, the fale oi 
which mull increafe in proportion to the numbers that 
are employed in the cultivation of what is bartered for 
them. Our Well India iflands, without draining us of 

fpecie or bullion, can fupply us with many of thofe ve* 
ry articles for which we are drained in other parts of 
the world, and particularly with coffee. 

To give a detailed account of the introduction of the 
coffee-tree into the Well Indies, would fwell this article 
to very little purpofe. According to Boer-haave, a 
Dutch governor was the firff perfon who procured Irelh 
berries from Mocha, and planted them in Batavia ; and 
in the year 1690 fent a plant from thence to Amfler- 
dam, which came to maturity, and produced thofe ber¬ 
ries which have fince furniflied all that is now cultiva¬ 

ted in the Well Indies. 
In 1714a plant from the garden of Amfterdam was 

fent by Mr Pancras, a burgomaffer and director of the 

botanic garden, as a prefent to Louis XIV. which was 
placed in the garden at Marly. In 1718, the Dutch 
began to cultivate coffee in Surinam; in 1721* the 
French began to cultivate it at Cayenne; in 1727, at 
Martinico; and in 1728, the Engiifh began to cultivate 

it in Jamaica. 
As it has been more cultivated in the French Weft 

India iflands than in the Britifh, it may be of import¬ 
ance to our colonifts to be made acquainted with the 
practice of the French planters. Accordingly Dr La- 
borie, a royalifl of St Domingo, has lately publifhed a 

volume for their inflruction on this fubject; in which 
are 
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CofTea arc many judicious obfervations, the refult of long expe. 

"w rience, refpedling the foil fit for a coffee plantation ; 
the various eftablifhments neceffary ; the cultivation of 

the coffee-trce through the feveral flages of its growth 

and duration ; and the management and ufe of the ne¬ 
groes and c'attle. 

With refpe# to foil, it is a fa£, fays he, beyond con- 
tradition, that low lands, and even the mountains near 
the champaign country, are lefs proper for the produc¬ 
tion of coffee, than lands which are high and at a di¬ 

ftance from the fea. The coffee-tree delights in a com¬ 
paratively cool climate, and in an open and permeable 
virgin foil; and is hurt by the parching deflrutive air 
of the fea. The foil on the mountains of St Domingo 
confifts. generally of a bed of mould more or lefs deep ; 
but which, for the production of coffee-trees, ought not 
to be lefs than four or five feet. If the declivity be 

gentle, the fofteft and mofl friable earth is preferable to 
all others; but in fleep grounds a firm though not clayey 
foil, mixed with a proportion of gravel or fmall flones, 
through which the water may find an eafy way, is the 
mofl defirable. The colour of the ground is of little 
confequence, though fuch as is fomewhat reddifh is ge¬ 
nerally to be preferred. With regard to expofure, the 
north and weft are the moft eligible in low and hot fi¬ 
xations,. becaufe thefe expofures are the cooleft ; and 
on the higheft mountains the fouth and eaft are to be 
chofen, becaufe they are the hotteft. On the whole, 

neither the higheft nor the lowed fituations are the beft, 
but thofe which are confiderably above the middle of 
the mountains. 

Whatever be the planter’s circumftances in point of 
fortune, and our author thinks that he ought not to 

undertake a fettlement without the command of 3000 
or 400c pounds fterling, he ought not to fet out with 
a great number of negroes. If he cannot command a 
plentiful fupply of vi&uals from fome contiguous plan¬ 
tation, fix, or at the moft twelve, male negroes, with 

one or two women, will be found fufficient to make the 
firft eftay. After building two huts, one for the mafter 
or overfeer and the other for the Haves, they are to com¬ 

mence their operations by cutting away the underwood 
and creeping plants with the bill, and felling the trees. 

The trees are to be cut as low as poflible, but the roots 
are to be left m the ground, becaufe they preferve the 
iml during the firft period of culture ; and in burning 
this mafs of wood and fhrubs, the only way fometimes 
of clearing the ground, care muft be taken that the fire 
be nowhere fo violent as to convert the foil Into the 
confiftence of brick, which it is very apt to do if the 
loil be clayey. Amid the coffee-trees, after they are 
planted, may be fown beans, maize, and all kinds of ef- 
culent plants, pot herbs, and roots ; but particular care 
muft be taken to remove from thefe plantations all creep¬ 
ing plants, fuch as melons, yams, potatoes, gourds, and 

more efpecially tobacco, which multiplies to a vaft ex¬ 
tent, and exhaufts the ground. 

. ^ Domingo the moft approved method of plant¬ 
ing the coffee-tree is in ftraight rows crofting each other 

at right angles, and the diftance between the plants is 
regulated by the quality and expofure of the ground. 
1 he richer the foil, the expofures being the fame, and 
the cooler the expofure, the quality of the foil being 

the fame, the farther muft the trees be planted afunder. 

If on the north and weft the ground be good, plant ftill 
Suppl. Vol. I. Part II. 
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farther; but, on the contrary, if to the eaft or fouth it 
be light (which it generally is), plant ftill nearer. Thus 

if it be proper on a fouth or eaft expofure to plant at 
the diftance of fix feet, it will be neceffary to plant at 

the diftance of feven on a weft or north expofure, if the 

ground be of the fame quality as in the other fixa¬ 
tions. 

Though coffee, like all other vegetables, grows from 
the feed. Dr Laborie advifes, in the forming of large 
plantations, to make ufe of faplings reared in nurfe- 
ries ; and the fixation fitted for a nurfery is a plain, or 
at leaf! a ground of gentle afeent, where the mould is 

crumbly. In forming a nurfery, fome plant the whole 
cherry; but our author recommends the taking ofFthe 
ftcin, and waging the feparated feeds; in which we fufpeft 

that he is miftaken, as his practice is certainly a devia¬ 
tion from nature. The nurfery muft be kept very clear 
of weeds, and neither corn nor any thing elfe fown 
in it. 

. The fcakm for tranfplanting the faplings is da. 
ring the genial rains of April and May, when great at¬ 
tention is required, as the treafures of future harvefts 
are at flake. Thofe plants are the fitted for being re¬ 
moved which, in the language of our author, are 
crowned, or have each four little boughs ; and, if the 
feeds were frefh and fown in furrows about an inch from 
each other, this perfection is generally attained in the 
courfe of a year. The faplings muft not be pulled un 
by force, but carefully raifed by means of a flat, {ham, 
iron {hovel, thruft deep under their roots ; and the foot¬ 
er they are planted, after being taken up, the better. 

. In Panting, the firft thing to be done is to thruft' 
into the ground a dibble, or (harp pointed flick, round 

which a hole is dug from nine to twelve inches in dia¬ 
meter, and from fifteen to eighteen in depth. Then a 

quantity of the mould taken out of the hole is thrown 
back into it, till its depth be diminifhed about four or fix 
inches ; and the plant being fupported with the left 
hand, in the middle of the hole, while the end of its 
ftraight root, which our author calls its pivot, touches 
lightly the new bed, the furrounding mould is with the 
right hand thrown in, to the height of fix inches. This 

being lightly prefted down with both hands, more earth 
is thrown in and prefTed in the fame manner, care being 

taken not to hurt, or bend, or difplace the fapling, 
which muft be fet fo deep that its two inferior branches 
be rather below the level of the ground. On this ac¬ 

count three or four inches of the hole are left open, 
which, by the time that thefe branches rife above its 
margin, are filled up by the furrounding earth. The 

bufinefs is finifhed by finking the fharp-pointed flick at 
the upper margin of the hole, where it ferves as a fmall 
fence to the infant tree. In hot fituations plantain 
trees are intermingled with the coffee trees for the pur- 
pofe of made and coolnefs. They are ufually placed W 
every fourth or fixth row, as the trees are more or lefs 
diitant, and the expofure more or lefs hot. 

To the bufinefs of planting very foon fucceeds that 
of weeding; for there is hardly any plant to which 

weeds are fo pernicious as the coffee-tree : they caufe 
it to grow yellow, fade, wither, and perifh. Where 

the ground flopes much, efpecially if the foil be foft 
and triable, the weeds muft be taken up by the hand ; 

for ,f they be rooted out by the hoe, the foil will be fo 
loofened that the rams wiU fweep it away. Some 

3 K weeds, 

Coftea, 
—V—' 
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Cofifca weeds, however, from the depth of their roots mull he 

-v-'dug up ; and when that Is the cafe the earth muft be ■ 
carefully returned and prefTed down. If, in weeding, 
any faplings be found withered, others of the feme 
fize muft be brought from the nurfery and planted in 
their Head, with what our author calls their clod, 1. e. 
with the earth of the* nurfery adhering to their roots. 
If any fepling be found broken or twilled, it mull be 
cut clofe by the ground in a.Hoping dire&ion, the cut 

furfece facing the north, and it will foon put forth tuck¬ 
ers, of which the bell only need be preferved. In plan¬ 
tations of eighteen or twenty months old trees are often 
found with yellow, withered leaves, of which the caule 

is fometimes a premature load of fruit, which mnit 

therefore be inllantly removed or the tree will penlh. 
If, after this, it begin not in a few days to recover, it is 
probably eaten at the roots by a large white worm re- 
fembling a dug. In that cafe the tree mull be remo- 
ved, the worm taken out, and before another tree be 

planted in its Head, a large hole mull be made in the 
ground, expofed to the influence of the fun at leatt tor 

a fortnight. „ * . - 
The natural height of the coffee tree is from 15 to 

18 feet ; and if left to itfelf it would have the form of 
moll other trees, i. e. a naked trunk and a branchy head. 
This is prevented by what the planters call flopping; 
which is performed by cutting off the top of the tree 
when it has arrived at the proper height, which varies 

according to circumftances. In the bell foil and molt 
genial expofure, it is fuffered to grow to the height of 

five feet, and in the worll Hopped at two ; but under the 
fame albeit, and on ground of the fame quality, all the 

trees ought to be flopped at the fame height. This ope¬ 
ration of Hopping is very apt to make the trees, put 
forth fuperfluous branches, which renders them mac- 

ceffible to the genial warmth of the fun, an“’°‘_cour e’ 
deficient in the powers of fruaification Thefe mull 

be plucked away while yet tender ; for if they be u er- 
ed to grow till it become neceffary to cut them, a num¬ 
ber of fprouts fucceed ; whereas, when they are pluck¬ 

ed, the wound foon cicatrizes, and nothing; follows. . 
The faw and the knife, however, muft fometimes be 

ufed ; for when trees grow old their heads are apt to 
fpoil : fuperfluous branches may have been left upon 
them through negled ; a bough may have been broken 

by accident ; or branches may be fpent by too great a 
load of fruit. In all thefe cafes recourfe muft be had 
to pruning, which fhould be performed immediately af¬ 
ter crop, and in fuch a manner as that the tree, when 

it puts forth its new branches, may ftill have as much 

as pofiible its natural or former appearance This will 
be accomplifhed by cutting the withered bough imme¬ 

diately above a knot, whence a good fecondary branch 

is put forth, which may be eafily trained into the pro¬ 
per fhape. Our author direfts the cut to be always 
made fo as that the Hoping furface (hall face the north; 
by which expofure it will efcape the injury which it 
would otherwife receive from the exceffive heat ot the 

fun. This is a good advice ; but it would ftill be an 
improvement on it to treat the wound with I orlyth s 

or Hit’s platter, which we have defenbed elfewhere 
(See EncycL Vol. XVIII. page 562). When the tree 
is completely pruned, the rnofs and other excrefcences 
muft be feraped from the trunk with a wooden knife, 

great care being taken not to injure the bark. 

] C O F 
After pruning follows what is called nipping. This t CoffVa, 

is nothing more than the removal of thofe fuperfluous >r""~ 
fmall twigs which are fent forth from every cut furface 
in fuch numbers as would foon exhauft the tree ; aud it 

is called nipping, becaufe they are plucked away by the 
hand, and not cut by the knife. It is needlefs to add, 
that when the ground begins to be Impoven(h$d, it 
muft be enriched by proper manure. This is known 
to every hufbandman both in Europe and in the Weft 
Indies ; but it is not perhaps fo generally known that 
the weedings, and chiefly the red fkins of coffee, when 
gathered into pits, are, in procefs of time, converted 

into a black mould, which our author fays makes the 

very beft manure. ~ , 
<< The fruit of the coffee, when perfectly ripe, ap¬ 

pears like a fmall oval cherry. Under a red and (hilling 
(kin a whitifh clammy lufeious pulp prefents itfelf, 
which generally iiiclofes two feeds. . Thefe feeds have 
one fide flat, the other hemifpherical. The firft is 
marked with a longitudinal flffure, and the flat fldes are 

applied to each other. When the feeds are opened, 
they are found covered with a white, ligneous, brittle 
membrane, denominated parchment; on the in fide of 
which is another filver-coloured membrane, exceedingly 

thin, and feeming to originate from the fiffure of the 
feeds. Sometimes the cherry has but one feed or gram, 

which then is in the form of a fmall egg. This is pe¬ 
culiar to old decayed trees, or to the extremities of iome 

fmall branches.’’ . .. , 
The bufinefs of preparation confifts in taking the 

feed from its covering, in drying, and in cleaning it fo 
as to have every advantage at market. Our author 
thinks that the beft method of preparing the coffee is 

to ft rip the feed of its outer (kin immediately on its be- 
in* pulled, and to dry it in its parchment. The pro¬ 
cefs has been already deferibed in the Encyclopaedia;, 

but we believe it to be an injudicious one. We have 
the authority of a very eminent botamft , celiac- »Dr 

quainted with all the vegetable produaums of the WeftWnghu 

Indies, to fay, that the improvement which we have 
th'ere mentioned, as propofed by Mr Miller, is greatly 
preferable to Dr LaborieVpra&ice, Indeed he hun- 

felf admits, that coffee dried in the cherry is more heavy 
than when dried in parchment, and that it generally 

has a higher flavour. Nay, he fays exprefsly, that “ it 
planter wants to have coffee of the firft quality, either 

for hitnfelf or for his friends, he muft. fet a part a num¬ 
ber of his oldeft trees, and not gather the fruit till it is 
ripened into drynefs. It is in that manner, he believes, 
that the Arabians in Yemen make their little harvells 
and be declares, that coffee thus nouriftied on the tree 

to the laft moment, muft have every perfeftion of which 

it is capable.” His only plaufible objeftion is, that 
the trees are foon exhaufted when the fruit is left to. 

long upon them ; but doubtlefs this exhauftion might 

be retarded by proper manure. . . 
The chemical analyfis of coffee evinces that it pot- 

feffes a. great portion, of mildly bitter and lightly aftrin- 
gent gummous and refinous extraA ; a con 1 era •* 
quantity of oil; a fixed felt; and a volatile felt.—Thefe 
are its medicinal conftituent principles. The intention 
of torrefaCtion is not only to make it deliver thofe prin¬ 
ciples, and make them foluble in water, but to give it 

property it does not poffefs in the natural flate of the 

berry. By the adtion of fire, its leguminous tafte and 
the 
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Coffea. tlie aqueous part of its mucilage are deftroyed ; its fa- 
““"V"—"’' line properties are created and difengaged, and its oil 

is rendered empyreumatic. — From thence arifes the pun¬ 

gent fmell, and exhilarating flavour, not found in its na¬ 

tural (late. • 
The roafting of the berry to a proper degree requires 

great nicety : Du Four juflly remarks, that the virtue 
and agreeablenefs of the drink depend on it, and that 

both are often injured in the ordinary method. Ber¬ 
nier fays, when he was at Cairo, where it is fo much 
ufed, he was allured by the bell judges, that there were 
only two people in that great city, in the public way, 
who underllood the preparing it in perfection* If it 
be under-done, its virtues will not be imparted, and in 
ufe it will load and opprefs the ftomach :—If it be 
overdone, it will yield a flat, burnt, and bitter talte, its 

virtues will be dellroyed, and in ufe it will heat the body, 
and adl as an aftringent. 

Fourteen pounds weight of raw coffee is generally 
reduced, at the public roafting houfes in London, to 
eleven pounds by the roafting ; for which the dealer 
pay's feven pence half-penny, at the rate of five fliillings 
for every hundred weight. In Paris, the fame quan¬ 
tity is reduced to ten pounds and an half. But the 
roafting ought to be regulated by the age and quality 
of the coffee, and by nicer rules than the appearance of 
the fumes, and fueh as are ufually pra&iied : therefore 
the reduction mull confequently vary, and no exaCt 
ffandard can be afeertained. Belides, by mixing dif¬ 
ferent forts of coffee together, that require different de¬ 
grees of heat and roafting, coffee has feldom all the ad¬ 
vantages it is capable of receiving to make it delicate, 
grateful, and pleafant. This indeed can be effected no 
way fo well as by people who have it roafted in their 
tfwn houfes, to their own talle, and frefh as they want 
it for ufe. The clofer it is confined at the time of roaft¬ 
ing, and till ufed, the better will its volatile pungency, 
flavour, and virtues, be preferved. 

The mode of preparing this beverage for common 
ufe differs in different countries,, principally as to the 
additions made to it.—But though that is generally 
underftood, and that tafte, conftitution, the quality of 
the coffee, and the quantity intended to be drunk, muft 
be confulted, in regard to the proportion of coffee to 
the water in making it—yet there is one material point, 
the importance of which is not well underftood, and 
which admits of no deviation. 

The prefervation of the virtues of coffee, particularly 
when it is of a fine quality, and exempt from ranknefs, 
as has been faid, depends on carefully confining it after 
it has been roafted ; and not powdering it until the 
time of ufing it, that the volatile and ethereal princi¬ 
ples, generated by the fire, may not- efcape. But all 
this will fignify nothing, and the beft materials will be 
ufelefs, unlefs the following important admonition is 
ftriClly attended to ; which is, that after the liquor is 
made, it ftiould be bright and clear, and entirely ex¬ 
empt from the leaft cloudinefs or foul appearance, from 

a fufpenfion of any of the particles of the fubftance of 
the coffee. 

There is fcarcely any vegetable infufion or deco&ion Coffea 
whofe effects differ from its grofs origin more than that ^ 
of which we are fpeaking. Coffee taken in fubftance , c e el% 
caufes oppreffion at the ftomach, heat, naufea, and in- 
digeftion : confequently a continued ufe of a prepara¬ 

tion of it, in which any quantity of its fubftance is con¬ 
tained, befides being difgu-fling to the palate, mnft tend 

to produce the fame indifpofitions. The reliduum of 
the roafted berry, after its virtues are extra&ed from it, 
is little more than an earthy calx, and muft therefore be 
injurious. 

The want of attention to this circumftance has been 
the caufe of many of the complaints againft coffee, and 

4 of the averfion which fome people have to it ; and it is 
from this confideration that coffee fhould not be pre¬ 
pared with milk inftead of water, nor fhould the milk 

be added to it on the fire, as is fometimes the cafe, for 
economical dietetic purpofes, where only a fmall quan¬ 
tity of coffee is ufed, as the tenacity of the milk im¬ 
pedes the precipitation of the grounds, which is nccef- 
fary for the purity of the liquor, and therefore neither 
the milk nor the fugar fhould be added until after it is 

made with water in the ufual way, and the clarification 
of it is completed (a).—The milk fhould be hut when 
added to the liquor of the coffee, which fhould alfo be 
hot, or both fhould be heated together, in this mode of 
ufing coffee as an article of fuftenance. 

If a knowledge of the principles of coffee, founded 
on examination and various experiments, added to ob- 
fervations made on the extenfive and indiferiminate ufe 

of it, cannot authorife us to attribute to it any par¬ 
ticular quality unfriendly to the human frame ; if the 
unerring teft of experience has confirmed its utility, in 
many countries, riot exclulively productive of thofe in¬ 
conveniences, habits, and difeafes, for which its pecu¬ 
liar properties feem moft applicable—let thofe proper¬ 
ties be duly confidered ; and let us refleCl on the ftate 
of our atmofphere, the food and modes of life of the 
inhabitants, and the chronical infirmities which derive 
their origin from thefe fources, and it will be evident 
what falutary effeCls might be expeCled from the general 
dietetic ufe of coffee in Great Britain. 

COFFER-dams, or Batardeaux, in bridge-building, 
are enclofures formed for laying the foundation of piers, 
and for other works in water, to exclude the fui round¬ 
ing water, and fo prevent it from interrupting the work¬ 
men. 

COLCHESTER, the chief town in Effex, is de- 
feribed in the Encyclopaedia Britannica ; but the de- 
feription is in many refpeCls erroneous. The following 
account of it was fent to us by an obliging correfpon- 
deut, who is defirous that the place of his nativity may 
be accurately deferibed in this Supplement. 

Colchefter is pleafantly fituated upon an eminence, 
gradually rifing on the fouth fide of the river Colne. 

It is the ancient Colonia Camulodunum, from which 
word Colonia, both the town and the river Colne re¬ 

ceived their names. The Saxons called it Colneceajler. 
That it flourifhed under the Romans, feveral buildings 

full of their bricks, and innumerable quantities of coin 

__ 3 K 2 dug 

(a) It is not to coffee alone that this refledion is confined ; every article we ufe as a diluter demands the 
fame attention. Malt liquors, particularly fmall beer, which in this refpeft is much negle&ed, ought always to 

be carefully fined. The faeculent matter entangled by the mucilage of the malt is hurtful to digeftion, and de¬ 
trimental to health. 
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Colchtfier, <W up in and about it, fully evince. Tn the year 1763, optical phenomenon, which was^ firft 
Colon-" " * 1 -r—~-— — «• CmnA 111 a curious teffeliated or mofaic pavement was found in 

* the garden of the late Mr Barnard, furgeun in the 
High Street, now the property of Mr John Wallis, 
about three feet under the furface of the earth. The 
emperor Conftantine the Great was born here, his mo 
ther Helen being daughter of Cool, governor or king 

of this didridl under the Romans. She is faid to have 
found out the crofs of Chrift at Jerufalem ; and on that 
account the arms of this town are a crofs regulee be¬ 
tween three ducal coronets, two in chief and one in 

bafe, the coronet in bafe palling through the crofs. 
The walls wherewith the town was encompafled are 

Hill tolerably entire on the fouth, eaft, and weft Tides, 
but much decayed on the north fide : they are general¬ 

ly about nine feet thick. By a Hatute of King Henry 
VIII. this town was made the fee of a fuffiagan biffiop. 

This town is the moll noted in England for making 

of baize ; it is alio of fpecial note for candying the erin- 

go roots, and for oyfters. 
In the condufion of the civil war 1648, this town 

differed a fevere fiege of ten weeks ; and the belieged 
making a very refolute defence, the fiege was turned 
into a blockade, wherein the garrifon and inhabitants 
fullered the utmoft extremity of hunger, being reduced 

to eat horfe-flefh, dogs, and cats, and were at laft obli¬ 
ged to furrender at difcretion, when their two valiant 

chief officers, Sir Charles Lucas and Sir George Lille, 
were Ihot under the caffle walls in cold blood. Col- 
eheffer is a borough by prefcription, and under that 
right fends two members to pailiament, all their char¬ 

ters being filent upon that head. The charter was re¬ 
newed in 1763. The town is now governed by a may¬ 
or, recorder, 12 aldermen, 18 affillants, and 18 com¬ 
mon-council men. Quarter.feffions are held here four 

times in the year. # . 
The famous abbey gate of St John is Hill Handing, 

and allowed to be a furprifing, curious, and beautiful 
piece of Gothic aichite&ure, great numbers of perfons 
coming from remote parts to fee it. It was built, to¬ 

gether with the abbey, in IC97, and Gudo, Heward to 

King William Rufus, laid the HrH Hone. 
St Ann’s chapel, Handing at the eaft end of the 

town, is valuable in the effeem of antiquarians as a 
building of great note in the early days of Chriftianity, 

and made no final 1 figure in hiftory many centuries pall. 

It is now pretty entire. 
St Botoph’s priory was founded by Ernulphus 111 the 

reign of Henry I. in the year mo. It was demoliffi- 
ed in the wars of Charles I. by the parliament army 
under Sir Thomas Fairfax. The ruins Hill exhibit a 
beautiful lketch of ancient mafonry, much admired by 
the lovers of antiquities. The caffle is Hill pretty en¬ 

tire, and is a magnificent ffrudlure, in which great im¬ 

provements have of late been made. Here is an excel¬ 

lent and valuable library. 
The markets, which are on Wednefday and Satur¬ 

day, are very well fupplied with all kinds of provifions. 
There are no lefs than fix difienting meeting-houfes in 
this town. Colchefier is 51 miles from London. It 
had 16 parifh churches, in and out of the walls, hut 
now only 12 are ufed, the r^ff being damaged at the 

fiege in 1648. 
COLOURS. See Pigments in this Supplement. 

Accidental CouWks, a name given to a very curious 

_ _ _, we believe, at- Colours, 
tended to by Buffon. That philofoplier wrote a fhort1 ~ * 

paper on it, which was publifhed in the Memoirs of 
the Academy of Sciences for the year 1743. 

If a perfon look Hedfatlly and for a confiderable time 
at a fmall red fquare painted upon white paper, he will 

at lail ohferve a kind of green-coloured border furround 
the red fquare. If he now turn his eyes to fome other 
part of the paper, he will fee an imaginary fquare of a 
delicate green bordering on blue, and correfpcnding ex¬ 

actly in point of fize with the red fquare. This imagi¬ 
nary fquare continues vifible for fome time, and indeed 
does not difappear till the eye has viewed fucceffively a 
number of new objedls. It is to this imaginary fquare 
that the improper name of accidental colour has been 
given. If the fmall fquare be yellow, the imaginary 
fquare or accidental colour is blue : the accidental co¬ 
lour of green is red ; of blue, yellow ; of white, black ; 
and on the contrary, that of black is white. 

The firfi perfon, as far as we know, who gave a fa- 
tisfadlory explanation of thefe phenomena was Profeffor 

ScherfFer of Vienna, whofe differtatioh, tranflated' by 
Mr Bernoulli, has been publifiied in the 26th volume of 

the journal de Phyfique. 
In order to underhand thefe phenomena, let us re- 

col left, in the firff place, that light confifts of feven.rays, 
namely, red, orange, yellow, green, blue, indigo, violet ; 
that whitenefs confiffs in a mixture of all thefe rays : 
and that thofe bodies which refledl but very little light 
are black. Thofe bodies that are of any particular co¬ 
lour, refledl a much greater quantity of the rays which 
conflitute that particular colour than of any other rays. 

Thus red bodies reflect moft red rays ; green bodies, 

moH green rays, and fo on. 
Let us recoiled!, in the fecoiid place, that when two 

impreffions are made at the fame time upon any of our 
organs of fenfation, one of which is Hrong and the 
other weak, we only perceive the former. Thus if we 

examine by the prifm the rays refle&dd by a red rofe, 
we fhall find that they are of four kinds ; namely red, 
yellow, green, and blue. In this cafe, the impreffion 
made by the red rays makes that made by the others 
quite infenfible. For the fame reafon^ when a perfon 
goes from broad day light into an ill-lighted room, it 

appears to him at firft perfe&ly dark, the preceding 
Hrong impreffion rendering him for fometime incapable 

of feeling the weaker impreffion. 
With the affiHance of thefe two remarks, it will not 

be difficult to explain the phenomena of accidental co¬ 
lours. When a perfon confiders attentively for fome 

time a whice fquare lying on any black fub&ance (paper 
for inHance), it is evident that the part of the retina 
on which the white fquare is painted, receives a Hronger 

impreffion tha* any other part ; at lead the greateft 
number of rays Hrike upon it. A weaker impreffion, 

therefore, will adl on it with much lefs force than upon 

the red of the retina. Confequently, when the eye is 
turned from the white fquare to fome other part of the 
black paper, a fquare is perceived of the fame fize with 
the white fquare, and much blacker than any other part 
of the paper : this is evidently in confequence of the 
weaker impreffion made by the rays refledfed by the 
black paper upon that part of the eye previoufly fa¬ 
tigued by the copious refle&ion from the white fquare* 

For the very fame reafon, if, after looking for a fuffi- 
cient 
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Colours. cient time at a white fquare lying on a black ground, 

we turn our eyes upon a fheet of white paper, we per¬ 

ceive a very well defined black fquare. In this cafe, 
the part of the retina already fatigued is not fo fenfible 

to the rays reflected by the white paper as the other 
parts of it which have not been fatigued. The reafon 
then that black is the accidental colour of white is fuf- 

ficiently evident. 
On the contrary, when we look a fuffieient time at a 

black fquare lying upon a white ground, if we turn our 
eyes to any other part of the white paper, or even upon 
black paper, vve fhall perceive a fmall fquare anfwering 
to the black fquare, and much brighter than any other 
part of the paper: evidently becaufe that part of the 
retina on which the black fquare was painted being lefs 
fatigued is more fufceptible of imprellions than any 
other part of the eye. Thus we fee why the accidental 
colour of black is white, and why that of white on the 

contrary is black. Thefe fadls, indeed, have been long 
known, and they have been generally explained in this 
manner. 

When a perfon has looked for a fuffieient time at 
a red fquare placed on a fheet of white paper, and then 
turns his eyes to another part of the paper, that part 
of the retina on which the red was painted being fa¬ 
tigued, the red rays refle&ed from the white paper ceafe 
to make any fenfible impreffion on it, and consequently 
there will be feen upon the white paper a fquare fimilar 
to the red fquare, and the colour of which is that 
which would refult from the mixture of all the rays of 
Ifght except the red. In general, therefore, the acci¬ 
dental colour is the colour which refults from the mix¬ 
ture of all the rays of light, thofe rays excepted which 
are the fame with the primitive colour. 

Now, in order to difeover the accidental colours, 
let us- recolledl the manner which Newton employed to 
determine the colour which refults from the mixture of 
feveral others, the fpecies and quantity of which are 
known. He did it by dividing the circumference of a 
circle, fo that the arches are to one another in the 
proportion of a firing fhortened by degrees, in order to 
found one after another the notes of an octave ; which 
is nearly the proportion that the different rays occupy 
when light is decompofed by’means of the prifm. Or 
fuppofe the circumference of the circle, £6 ufual,, divi¬ 
ded into 360 degrees, the different rays, according to 
Benvenut, fhould occupy the following arches ; 

Red, - 450 
Orange, - - - - 27 
Yellow,. - .... 48 

Green,.60 
Blue, 60 

Indigo, - - - - 40 
Violet,.Bo 

Let us now compare the a£lion of colours on one 
another with that of different weights; and for that pur- 
pofe let us fuppofe each colour concentrated in the cen¬ 
tre of gravity of its arch. In order to find the colour 
refulting from any mixture, vve have only to find the 

common centre of gravity of the arches which reprefent 
the different colours : The colour refulting from the 
mixture will be that of the arch to which the common 

centre of gravity approaches neareft:.. And if that com¬ 
mon centre of gravity is not in the ftraight line which; 

joins the centre of the circle, and the centre of gravity 

of the arch to which it is moft contiguous, the refult¬ 
ing colour will approach more or lefs to the colour of1 

the contiguous arch towards wdiich the line, paffing 
through the centre of the circle, and the common cen¬ 
tre of gravity of the arches, falls. And farther, the re¬ 
fulting colour will be more or lefs deep according to 
the diffance of the common centre of gravity from the 
centre of the circle. 

In the cafe under confideration at prefent, namely, to 
determine the different accidental colours, the applica¬ 
tion of this method is remarkably eafy ; becaufe only 
one of the feven primitive colours is excluded, and confe- 

quently the fix colours from the mixture of which vve wiffi 
to know the refulting colour are all contiguous. For it 
is evident, that the ium of the fix arches, reprelenting 
thefe fix colours, will be divided into two equal parts by 
the line which paffes through the centre of the circle and 
their common centre of gravity ; and that if the fame 

line be produced till it reaches the circumference of the 
circle on the other fide, it will alfo divide the arch re- 
prefenting the feventh or omitted colour into two equal 

parts. Let us fuppofe, for inftance, that the violet is 
omitted, and that we wanted to know the colour reflat¬ 

ing from the mixture of the otlie* fix colours, vve have 
only to hifefl the arch reprefenting the violet, and from 
the point of fedtion to draw a diameter to the circle, the 
arch of the circle oppofite to the violet through which 
the diameter paffes will indicate the colour of the mix¬ 
ture. The arch reprefenting the violet being 8o», let us 

take the half of it, which is 40°, and let us add to it 
45° for the red, 270 for the orange, and 48° for the yel¬ 

low, we fhall have 160°, w hich wants 20° of half the 
circumference of the circle. If now we add the 6oQ 

for the green, the fum total will be 220°, confiderably 
more than half the circumference ; confequently the 
common centre of gravity is neareft the green arch; but 
it falls 1 o° nearer the yellow than the ffraight line which 
joins the centre of the c-ircle and the centre of gravity of 
the green arch. Hence we fee that the refulting colour 
will be green, but that it will have a fhade of yellow. 

It is evident, then, that the accidental colour of vio¬ 
let muff be green with a fhade of yellow ; and this is- 
actually the cafe, as any one may convince himfelf by 
making the experiment. 

Suppofe, now, we wanted to know the accidental co¬ 
lour of green, or, which is the fame thing, the colour re¬ 
fulting from the mixture of all the primitive rays ex¬ 
cept the green. The green arch, is 6o‘Ythe- half of 
which is 3c0 ; if to this we add 6o° for the blue arch, 
and 40° for the indigo arch, vve fhall. have 130°, or 
50° degrees lefs than a femicirele. If to this vve add 
the violet arch, which is 8o°, we fhall havre 30° more 
than the femicirele ; confequently the common centre 
of gravity falls neareft the violet, and it is io° nearer 
the red arch than is the centre of gravity of the violet 

arch. Hence we know that the accidental colour of 
green will be violet or purple, with a fhade of red: And 
experiment confirms this. 

Buffon ohferved that the accidental colour of blue 
was reddifh and pale. Let us fee /whether we fhall ob¬ 
tain the fame refult from our method. Let us fuppofe 
that Buffon employed a light blue. In that cafe, if to 
30, the half of the blue arch, we add Oo for the green, 

48 for the yellow, aLd 27 for the orange, we fhall have 
l6j°; or 150 lefs than half the circumference of the 

circle-i- 

Colours 
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Colours, circle : Confequently the common centre will fall neareft 

_' the red arch, but within 1 5^ of the orange. 1 he acciden¬ 
tal colour muft therefore be red, with a fhade of orange ; 

or, which is the fame thing, it muff be a pale red.. 
In the fame manner we may difeover, that the acciden¬ 

tal colour of indigo is yellow, inclining a good, deal to 
orange ; and that the accidental colour of indigo and 
blue together is orange, with a flrong (liade of red. 
Both of which correfpond accurately with experiment. 

It would be eafy to indicate, in the fame manner, 
the accidental colour of any primitive colour, if what 
has been faid were not fufiicient to explain the caufe of 
accidental colours, and to (how that their phenomena 
correfpond exadly, both with the Newtonian theory of 
optics, and with what we know to be laws of our fen- 

fations in other particulars. 
From the theory above given, which is thatof Profefior 

Seller {Ter, the following confluences may be deduced: 
I. The accidental colour of a red fquare, lying upon 

a white or a black ground, ought to be blackifh, if we 

call our eyes upon a red coloured furface, 2. If the. 
furface upon which vrt look at a red fquare be itfelt 
coloured, if it be yellow, for in fiance, the white paper 
upon which we afterwards call our eyes will appear 
blue, with a green fquare in it correfponding to the ori¬ 
ginal red fquare. And, in general, we ought to per¬ 
ceive the accidental colour of the ground on which the 
fquare is placed, as well as the fquare itfelf. 3. If while 
we are looking at the little fquare we change the fitua- 
tion of the eye, fo that ’its image fhall occupy a diffe¬ 
rent place 011 die retina, when we turn our eyes to the 
white paper we fhall fee two fqaares, or at leall one un¬ 

like the figure of the original one. 4. If the white, pa¬ 
per on which we look be farther diflant than the little 
fquare was, the imaginary fquare will appear confide- 

rably larger than the true one. 5. If while we are 
looking at the little fquare, we gradually make the.eye 
approach to it, without altering its fituation, the ima¬ 

ginary fqnare will appear with a pale border. [hefe, 
and many other confequences that might eafily be de¬ 
duced, will be found to take place conflantly and accu¬ 
rately, if any one choofes to put them to the tefl of ex¬ 
periment ; and therefore may be confidered as a com¬ 
plete confirmation of the theory given above of the 

caufe of accidental colours. 
There is another circumflance refpeding accidental 

colours which deferves attention. If we continue look¬ 
ing fledfaflly at the little fquare longer than is neceffa- 
ry, in order to perceive its accidental colour, we fhall 
at lafl fee its border tinged with the.accidental colour 
of the ground on which the fquare is lying. For i.n- 
flance, if a white fquare be placed upon blue, paper, its 
border becomes yellow ; if upon red paper, it becomes 
green; and it becomes reddifh upon green. In like 
manner, the border of a yellow fquare becomes greenifh 
upon a red ground, and that of a red fquare on a green 

ground becomes purple. 
The caufe of this phenomenon feems to depend upon 

the contradion and extenfion of the image of the fquare 
painted on the retina. We know for certain, that the 
diameter of the pupil changes during our infpeding the 
fquare ; at firfl it becomes lefs, and afterwards increafes. 
And though we cannot fee what pafles in the bottom 
of the eye, we can fcarcely doubt that fimilar move¬ 

ments are going on there, if we attend to the changes 

_ ] COM 
that are continually taking place in the border of out 
little fquare * fometimes it is large, fometimes fmall; at 
onetime it difappears altogether, and the next moment 

makes its appearance again. # b 
There is another phenomenon conneded with acci* 

dental colours, which it is not fo eafy to explain; name¬ 
ly, that if we look at thefe little fquares for a very long 
time, till the eye is very much fatigued, their acciden¬ 
tal colours will appear even after we fhut our eyes. 1 he 
very fame thing takes place if we attempt to look at 
a very luminous objed; as the fun, for inftance. Pro- 
feffor Scherffer thinks that this may be partly owing 
to the light which (fill paffes through the eye-lids. 
That fome light paffes through the eye-lids is evident, 
becaufe when we Jook towards a flrong light with our 
eye-lids Ihut, we fee diilindly their colour, derived from 
the blood-veffels with which they are filled ; and it we 
pafs our finger before our eyes, we fee the fhadow of 
the finger though our eye-lids be fhut, provided our 

eyes be turned towards the window. But that this 
light is not fufficient to explain the phenomenon in 
queflion is evident from this circumflance, that the fame 
accidental colours make their appearance though we go 
immediately into the darkefl place. Perhaps we have 
accounted for the phenomenon elfewliere (See Meta¬ 

physics,^^/. n° 54.) We pafs.over the other con- 
jedures of Profefior Scherffer, which are exceedingly 
ingenious, but not fufficiently fupported by fads to be 

admitted. 
COLUMBA Noachi, Noah's Dove, a fmall con- 

ftellation in the foutliern hemifpheve, confifling of 10 

flars. 
COMAR, or Khomar, a Zemindar’s demefne of 

land. 
COMBUSTION is an operation of nature, which, 

though of the higheft importance, feems not to have 
attraded much of the attention of philosophers.previ¬ 
ous to the feventeenth century. Since that period in¬ 

deed, the labours of Bacon and Boyle, and Hooke and 
Mayow, together with thofe of Stahl and Lavoilier, 
have thrown much light on the fubjed ; as the reader 
will find by confuting the articles Ch emistry both in 
this Supplement and in the Encyclopaedia. The the¬ 
ory of Lavoifier is by far the moil rational that has yet 
been offered to the public, and places its author in the 
firfl ranks of philofophy. He correds the errors of his 
predeceffors, and has advanced before them one very 
important Hep ; but, as we have elfewliere obferved, 

many new fleps are ftill wanting to render his theory 
of combuflion complete. It explains indeed, in a fatis- 
fadory manner, why, during the procefs of combuflion, 

the burning body gradually watles away ; but it gives 
no explanation of the conflant emiffion of heat and 
light, though a circumflance as worthy of attention as 

the wafling of the body. > 
The emiffion of light and heat the French chemifls 

feem indeed to have confidered as of no importance ; 
for rather than acknowledge that the theory of their 
juflly admired and ill-fated affociate is incomplete, they 
have chofen to give a new meaning to the word combus¬ 
tion; and to make it ffgnify the combination of a body 
with oxygen, whether during that procefs light and heat 

be evolved or not. Surely fuch condud is unphilofo- 
phical; and yet our own chemifls, with a fervility 

which ill becomes the countrymen of Bacon and New¬ 
ton, 

Colourt 
I! 

Combnf- 
tion. 
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Cmnbuf- ton, have, for the moil part, acquiefced in this abfurd 

don. definition of combuftion. 
From the clafs of idolaters of the fcience of the great 

nation mull be excepted Dr Thomfon, the author of 
the article Chemistry in this Supplement. Senlihle 
that combujlion, in the fenfe ufually affixed to that word, 
denotes a phenomenon very different from many of thofe 
which are included under the term in its new accepta¬ 
tion, he acknowledges the theory of Lavoifier to be 
defective ; but influenced by that diffidence which is 
the infeparable attendant on the fpirit of true philofo- 
phy, he has not ventured to complete it in the article 
to which we have referred. He has indeed formed a 
theory of his own, and fubmitted it to public difcuf- 
fion ; but, with great propriety, gives it no place in 
his Syftem of the Science, till it lhall have undergone 
the examination of other chemilts. 

The condu&or of this work, however, perfuaded that, 
while gratifying his readers in general, he (hall not in¬ 
jure his friend’s fame, embraces with pleafure the op¬ 
portunity afforded him, by a new edition, of laying be¬ 
fore them r.concife view of this very ingenious theory. 

Dr Thomfon, then, admitting the truth and accu¬ 
racy of the Lavoiferian theory as far as it proceeds, di¬ 
vides the bodies which occupy the attention of chemifts 
into, I. Combuflibles ; 2. Supporters of combujlion ; and, 
3. Incombujliblts. 

The combustibles, or thofe bodies which, in com¬ 
mon language, are faid to burn, may be divided into, 
l. Simple combuftibles; 2. Compound combuflibles ; and, 
3. Combuftible oxides. Simple combuflibles arc,fulphiir9 

pbofphorus, carbon, hydrogen, and all the metals, except 
perhaps gold, filver, and mercury. Compound combuf- 
tibles confift of compounds formed by the Ample com¬ 
buftibles uniting together two and two ; and combuf¬ 
tible oxides are compofed of one or more Ample combuf- 
tibles combined with a dofe of oxygen. Thefe oxides 
may be arranged under two heads : viz. thofe which 
containing only a [ingle bafe combined with oxygen, 
may therefore be termed fimple com bud ible oxides ; and 
thofe which containing more than one bafe, may there¬ 
fore be termed compound combuftible oxides. The 
fimple combuftible oxides are only four in number ; 
namely, oxide of fidphur, oxide of phofphorus, charcoal, 
and carbonic oxide gas. All the fimple combuftible ox¬ 
ides are by combuftion converted into acids. The com¬ 
pound combuftible oxides include by far the greater 
number of combuftible bodies ; for almoft all the ani¬ 
mal and vegetable fubftances belong to them, and the 
double bafe is ufually carbon and hydrogen. 

The supporters of combujlion are a fet of bodies 
which are not of themfelves, ftri&ly fpeaking, capable 
of undergoing combuftion, but which are abfolutely 
neceflary for the procefs. All the fupporters known 
at prefent are fix ; viz. 1. Oxygen gas ; 2. Air ; 3. Ga- 

feous oxide of a%ot ; 4. Nitrous gas ; 5. Nitric acid; and, 
6. Oxy-muriatic acid. There are other fubftances, to be 
mentioned afterwards, to which the author gives the 

name of partial fupporters ; but all fupporters contain 
one common principle, namely oxygen. 

The incombustible bodies are neither capable of 
undergoing combuftion themfelves, nor of fupporting 
the combuftion of bodies that are. Of courfe, they 

are not immediately connedled with combuftion ; but 

they: are noticed here, becaufe fome of the alkalies and 

earths, which belong to this clafs, poflefs certain pro- 
perties in common with comouftibles, and are capable 
of exhibiting phenomena fomewhat analogous to com¬ 

buftion ; phenomena which the author dderibes under 
the title offemi-combujlion. 

From the preceding obfervations it is obvious, that, 
in every cafe of combuftion, there mull be prefect a 

combujlible and a fupporter ; and Lavoifier alcertaired 
beyond a doubt, that, during the procefs, the combuf¬ 
tible always unites with the oxygen of the fupporter. 
This new compound our author calls a produB of com- 

bufion ; and maintains that every fuch product is either 
watery or an acid, or a metallic oxide. He admits, in¬ 
deed, that other bodies fometimes make their appear¬ 
ance during combuftion ; but affirms that thefe, upon 
examination, will be found neither to be produdis, nor 
to have undergone combuftion. 

But though the combination of the combuftible with 
oxygen be a conftant part of combuftion, yet the faci¬ 
lity with which combuftibles burn is not in proportion 
to their apparent affinity for that gas. Phofphorus, 
for inftanee, burns more readily than charcoal ; yet 
charcoal is capable of abftradling oxygen from phof¬ 
phorus. The combuftible oxides take fire more rea¬ 
dily than fome of the fimple combuftibles. Thus, char¬ 
coal burns more eafily than carbon or diamond ; and al¬ 
cohol, ether, and oils, .which are all compound combuf¬ 
tible oxides, are exceedingly combuftible ; whereas the 
metals, which are fimple combuftibles, do not burn, 
when air is the fupporter, but at a very high tempera¬ 

ture. This facility of burning combuftible oxides is 
probably owing to the weak affinity by which their 
particles are united ; and to the fame caufe, viz. the 
inferiority of the cohefion of heterogeneous particles, 
is to be attributed the fadl, that fome of the compound 

fupporters occafion combuftion in circumftances when 
the combuftibles would not be a died on by fimple fup¬ 

porters. 

None of the products of combuftion are themfelves 
combuftible, in the ufual and proper acceptation of that 
word. This, however, is not owing to their being fa-- 
turated with oxygen, for feveral of them are capable of 
combining with an additional dofe of it ; but during 

this new combination no caloric nor light is ever emit¬ 
ted, and the compound formed differs eflentially from 
a mere produB of combuftion, being by the additional 
dofe of oxygen con ve/ted into a fupporter. 

When the fupporters, thus formed by the combina¬ 
tion of oxygen with produBs, are made to fupport com¬ 
buftion, they do not lofe all their, oxygen, but only the 
additional dofe which conftituted them fupporters. Of 
courfe they are again reduced to their original ftate of 
prodmfts of combuftion and as they owe their proper¬ 
ties as fupporters, not to the whole of the oxygen 

which they contain, but to the, additional, dofe, the au»- 
thor calls them partial fupporters. 

All the partial fupporters with which we are ac¬ 
quainted contain a- metallic bafis; for metallic oxides 
are the only produ&s at prefent known capable of com¬ 
bining with an additional dofe of oxygen. The fol. 

lowing oxides, which are produ&s of combuftion, com^ 
bined each with an additional dofe of oxygen, are par¬ 

tial fupporters : 1. Red oxide of iron; 2. Yellow oxide 
of gold ; 3. White oxide of filver ; 4. Red oxide of 

mercury ; 5, Arfenic acid ; 6. Red and brown oxides 

of. 
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Con'ibuf of Icxad j 7. Black oxide of manganefe ; 8, Acidulous 

tUM * oxide of antimony ? 9. White oxide of tin. 
'rims it appears that feveral of the products of corn- 

* bullion are capable of combining with oxygen; and 
hence it follows that the incombnftihility of produ&s is 
not owing to their want of affinity for oxygen, but to 

fonie other caufe. 
Thoucrh no mere product of combuftion is capable of 

fupportin* combuftion, this is not occafioned by any 
want of affinity for combuftible bodies ; for feveral of 
thefe pvodu&s are capable of combining with an addi¬ 

tional dole of their bafes. By this combination, how¬ 
ever, they lofc their properties as produ&s, and are 
converted into comhujltbles ; whence it follows that the 
procefs muff differ effentially from that of combuftion. 

Thus fulphuric acid, a produff of combuftion, by com¬ 
bining with an additional dofe of fulphur or its oxide, 

is converted into fufphurous acid; a fubftance which, 
from many of its properties, Dr Thomfon concludes to 
be combujUbls. Thus alfo phofphoric acid, a produd 
of combuftion, is capable of combining with phofpho- 
rated hydrogen, and forming phofphorous acid, a com¬ 
buftible body. When this iaft acid is heated in con- 
ta6l with a fupporter, it undergoes combuftion ; but it 
is only the additional dofe of the combuftible which 
burns, and the whole is converted into phofphoric acid. 
Hence we fee that it is not the whole balls of thefe 
compounds that is combuftible, but merely the addi¬ 

tional dofe ; and therefore the compounds themfelves 
may be termpartial combujlibl.es, to indicate, that part 

only of the bafe is capable of undergoing combuftion. 
Now, fince the produ&s of combuftion are capable of 
combining with oxygen, but never exhibit the pheno¬ 
mena of combuftion, except when they are in the ftate 

of partial combuftibles, combuftible bodies muft con¬ 
tain fome principle, which they lofe during combuftion, 
and to which they owe their combuftibility ; for after 

they have loft it, they unite to oxygen without exhibit¬ 

ing the phenomena of combuftion. 
Though the produffs of combuftion are not capable 

of fupporting combuftion, they not unfrequently part 
with their oxygen juft as fupporters do, give it out to 
combuftibles, and convert them into produ&s ; but du¬ 
ring this procefs no heat nor light is ever evolved. Wa¬ 
ter, for inilance, gives out its oxygen to iron, and con¬ 
verts it into black oxide, a product; and fulphuric acid 
-gives out its oxygen to phofphorus, and converts it into 
phofphoric acid. Thus we fee that the oxygen of pro- 
du&s is capable of converting combuftibles into pro¬ 
ducts, juft as the oxygen of fupporters ; but during 
the combination of the laft only are heat and light e- 
mitted. The oxygen of fupporters, then, contains fome- 

thing which the oxygen of produdls wants. 
Whenever the whole of the oxygen is abftraCled from 

produCls, the combuftibility of their bafe is reftored as 

completely as before combuftion ; but no fubftance is 
capable of abftra&ing the whole of oxygen, except a 
tombujlille or a partial combujlible ; and when this is 
done, the combuftible or partial combuftible lofes its 
own combuftibility by the procefs, and is converted into 

a produCt. 
From thefe faCts, which have been all eftablifhed by 

Stahl, Lavoifier, and our author, it follows that the 

products of combuftion may be formed without aCtual 

combuftion : but in thefe cafes a ww comhJHllc is al- Com 
ways evolved. The procefs is merely an interchange of fl° 
combuftibility ; for the combuftible is converted into a " v 
produCt only by means of a produCt. Both the oxy¬ 
gen and the bafe of the produCt having undergone 
combuftion, have loft fomething which is effential to 

combuftion. The procefs is merely a double decompo- 
fition. The produCt yields its oxygen to the combuf¬ 
tible, while, at the fame time, the combuftible gives 
out fomething to the bafe of the produCl. The com¬ 
buftibility of that bafe, then, is reftored by the lofs of 
its oxygen, and by the reftoration of fomething which 

it receives from the other combuftible thus converted 
into a produCl. 

No fupporter can be produced by combuftion, or by any 

equivalent procefs. Now as all the fupporters, except 
oxygen gas, confifl of oxygen combined with a bafe, it 
follows as a confequence, that oxygen may combine 
with a bafe, without lofing that ingredient, whatever it 
is, which gives occafion to combuftion. The mere aft 
of combination of oxygen with a bafe, therefore, is by 

no means the fame with combuftion. 
Several of the fupporters and partial fupporters are 

capable of combining with combuftibles, without un¬ 
dergoing decompofition, or exhibiting the phenomena 
of combuftion. In this manner the yellow oxide of 
gold, and the white oxide of filver, combine with am¬ 
monia ; the red oxide of mercury with oxalic acid * 
and oxy-muriatic acid with ammonia. Thus alfo nitre 
and oxy-muriat of potafh may be combined, or at leaft 
intimately mixed with feveral combuftible bodies, as in 
gunpowder, &c. In all thefe compounds the oxygen 
of the fupporter retains each the ingredients proper to 
itfelr, which render them fufceptible of combuftion ; 

and hence the compound is ftill combuftible. They 
burn indeed with amazing facility, not only when heat¬ 
ed, but when triturated or {truck fmartly with a ham¬ 
mer ; and have received, in confequence, the name o£ 

detonating or fulminating bodies. 
Such are the properties of the combuftibles, the fup- 

porters, and the products ; and fuch the phenomena 
which they exhibit when made to a<tl upon each other. 
If we compare together the fupporters and the products, 
we fliall find that they referable each other in feveral 
refpe&s. Both of them contain oxygen as an eftential 
part; both are capable of converting combuftibles into 

produ&s ; and of both feveral combine with combuf- 
tibWs and with additional dofes of oxygen. But they 
differ widely from each other in the phenomena which 
accompany their aftion on combuftibles. The fuppor- 

ters convert thefe bodies into produfts ; and at the 
fame time combuftion, or the emiffionof light and heat9 

takes place ; whereas the produdls convert combuftibles 
into produ&s without any fucli emiffion. Now as the 
ultimate change produced upon combuftibles by both 
thefe fets of bodies is the fame, and as the fubftance 
which combines with the combuftibles is in both cafes 

the fame, namely oxygen, we muft conclude that this 
oxygen in the fupporters contains fomething which the 
oxygen of the produ&s wants ; fomething which fepe- 
rates during the paffage of the oxygen from the flip- 
porter to the combuftible, and occafions the combuf¬ 
tion, or emiffion of fire, which accompanies this paffage. 

The oxygen of fupporters, then, contains fome ingre* 
dient 
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dient which the oxygen of produds wants, *,+«,,7 Wl 

^ cumftances concur to render it probable that this in 
gredient is caloric. 

The combujlibles and the products alfo refemble each 
other in feveral refpeds. Both of them contain the 
fame or a fimilar bafe ; both frequently combine with 
combuftibles, and likewife with oxygen : but they dif¬ 
fer e(Tentially in the phenomena which accompany their 

combination'with oxygen. In the one cafe,/re is emit¬ 
ted ; in the other, not. If we recoiled! that no fub- 

ftance but a combuftibie is capable of reftoring cOmbuf- 
tibility to the bafe of a produd, and that at its doing 
fo, it always lofes its own combuflibility j and if we re¬ 
coiled farther, that the bafe of the produd does not 
exhibit the phenomenon of cmnbuftion even when it 

combines with oxygen—-we cannot avoid concluding, 
that all combuftibles contain an ingredient which they 
lofe when converted into produds, and that this lofs 
contributes to the fire which makes its appearance du¬ 
ring the converfion. Many circuit fiances concur to 
render it probable that this ingredient is light. 

If we fuppofe that the oxygen of fupporters contains 
caloric as an effential ingredient, and that light is a com¬ 
ponent part of all combujlibles, the phenomena of com- 
buflion, numerous and intricate as they are, admit of 
an eafy and obvious explanation. The component parts 
of the oxygen of fupporters are two ; namely, i. A 
bafe; and, 2.Caloric. The component parts of com- 
buflibles are likewife two 5 namely, 1. A bafe ; and, 2. 
Light. During combuflion the bafe of the oxygen 
combines with the bafe of the combuftibie, and forms 
the produd ; while at the fame time the caloric of the 
oxygen combines with the light of the combuftibie, 
and the compound flies off in the form of fire. Thus 
combnftjon is a double decompofition ; the oxygen and 
combuftibie divide themfelvcs each into two portions, 
which combine in pairs ; the one compound is the pro¬ 
duct, and the other thefire, which efcapes. Hence the 

reafon that the oxygen of produds is unfit for com. 
bullion :. It wants its caloric. Hence the reafon that 
combuftion does not take place when oxygen combines 
with produds, or with the bafe of fupporters ; Thefe 
bodies contain no light. The caloric of the oxygen of 
courfe is not feparated, and no jire appears. Hence 
alfo the reafon why a combuftibie alone can reftore 
combuflibility to the bafe of a produd. In all fuch 
cafes a double decompofition takes place. The oxy¬ 
gen of the produd combines with the bafe of the com¬ 
buftibie, while the light of the combuftibie combines 
with the bafe of the produd.”- 

Such is the theory of Dr Thomfon, propofed to the 
public* under the humble title of Remarks on Combuflion. 
As the author completely eftablifhes the fads on which 

fible objedion. Why is not the caloric of the oxygen 
feparated when that gas combines with bodies deftitute 
of light ? 1 hat there is caloric emitted on many oc- 

cafions, when no light appears with it, is incontrover¬ 
tible ; but perhaps the matter of light is chemically 
combined with all bodies which emit heat, though it 
never flies off but when the heat is great. If this be a 
fad, and it is not improbable, the theory before us feems 
to be eftablifhed ; for it not only completes the theory 

of Lavoifier, but affords an eafy folution to fome phe- 
Suppl. Vol. I. Part. II. 
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Many cir- nomena which have been thought inconfiftent with that 

theory. 

In the year 1793, the affociated Dutch chemifts 
drew the attention of philofophers to a curious pheno¬ 

menon which accompanies the formation of fome of the 
fulphurets. When eight parts of copper, iron, lead, 
tin, or zinc filings, and three parts of flowers of ful- 
phur, are mixed together in a glafs receiver, and the 
veifel placed upon burning coals, the mixture melts, 
a kind of explofion takes place, it becomes fuddenly 
red hot, and a glow, like that of a piece of red hot 
charcoal fanned with bellows, rapidly pervades the 

whole. When this difappears, the mixture is found in 
the Hate of folid fulpliuret of copper, or iron, &c. The 

experiment fucceeds whether the veffel be filled with 
air, or with azotic or hydrogen gas, or even with wa¬ 
ter or mercury. What is fingular in this experiment 
is the glowing red heat, or the emiffion of fire, which 
accompanies the combination of the fulphur and metal. 
This emiffion being the fame which takes place during 
combuftion, the procefs has been confidered as a comt 
bullion, and ftated as fuch, by the German chemifts, 
as an objedion to Lavoifier’s theory. But our author 
fhews that no objedion can be urged from this experi¬ 
ment againft the truth of that theory as far as it goes ; 
and. that all the phenomena are fully explained by the 
additions which he has made to it. Thus, we have only 
to recalled, 1. That the fulphur is in a melted date, 
and therefore contains caloric as an ingredient; 2. That 
the metals which produce the phenomenon contain light 
as an effential ingredient ; and, 3. That the fulpliuret 
produced is always in a folid ftate—and the explana¬ 
tion is fimple and obvious. 1 he fulphur combines with 
the bafe of the metal, while the caloric, to which the 
fulpluir owed its fluidity, combines with the light of 

the metal, and the compound flies off under the form 
offire. 

Thus the procefs is exadly the fame with combuf¬ 
tion, excepting what regards the produd. The melt¬ 
ed fulphur ads the part of the fupporter, while the me¬ 
tal occupies the place of the combuftibie. The firft fur* 
nifhes caloric, the fecond light, while the bales of both 
combine together. Hence we fee that the bafe of fui- 
phurets (and the fame thing holds of fome phofphurets) 
refembles the bafe of produds in being deftitute of 
light,, the formation of thefe bodies exhibiting the re¬ 
paration of fire like combufiion ; but the produd, differ¬ 
ing from a produd of combuftion in being deftitute of 
oxygen,.our author propofes to diftinguilh the procefs 
by the title offemi-combufiion, to indicate that it pof- 
feffes one half of the charaderiftic marks of combuftion, 
but is deftitute of the other half. 

COMPASS, or Mariner’s Steering Compass 
Q n infl-vn m an. nC _i 1 1 . ^ his rerfonmg reits ve can conceive ^tb« onephu- is an iXn. nt’ 

fible objea.cn. Why is not the caloric of the oxwen men. nf b_t.a i® crl e' V? lmProve r. © — -'■'fiy improve- 
ment of it, propofed by men of fcience or of experience 
is entitled to notice. We fnall therefore lay before our 
readers fome obfervations on the defeds of the compafs 
in common ufe, which have fallen into our hands fince 
the article in the Encyclopaedia was publilhed. The 
firft is by Captain O’Brien Drury of the royal navy, 
and relates entirely to the needle. 1 

“ Experience (fays this officer) ffiews us, that the 
needle of a compafs, as well as all other magnets, whe¬ 

ther artificial or real, perpetually lofes fomething of its 

3 ■k magnetic 
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Corr.paf?. magnetic powers, which often produces a difference ex 
'—v—ceding a point; and I am well convinced that the 

great errors in (hip-reckonings proceed more frequently 
from the incorreanefs of the compafs than from any 

0ll“ Steef cannot be too highly tempered for the needle 

pf a f. a-compafs, as the more it is hardened the more 
permanent is the'magnetifm it receives; but, to pre- 
ferve the magnetifm, and. confequently the polarity o 

the needle, I recommend to have the needle cafed with 
thin, well-polifhed, foft iron ; or elfe to have it armed 

at the poles with a bit of foft iron. I have found, from 
many experiments, that the cafed needle preferred its 
magnetifm in a'much more perfeft degree than the 

needle not cafed ; and I have fometimes thought that 
the magnetic power of the cafed needle had inreafed, 

while the magnetic power of the uncafed and unarmed 

needle always lofes of its polarity.” . 
Th's is not an opinion taken tip at random, but is 

the refult of what appears to have been a fair and ju¬ 
dicious experiment ; for our author placed a cafed nee¬ 
dle, an armed needle, and one without either cale or ar¬ 
mour, in a room for three months; each having at that 
time precifely the fame dire&ion, and nearly the fame 
decree of force. At the expiration of the three months, 

be°found that the cafed needle and the armed needle 
had not in the leaft changed their direftion ; but the 
other had changed two degrees, and had loft very con- 

fiderable of its magnetic power. If there was any 
change in either of the other needles, it was too mcon- 

fiderable to be perceived. , 
Thefe obfervations feem to be new, and may tend to 

the improvement of the compafs. But it is not with 
refpedt to the needle only that this inftrument is defec¬ 
tive. Mr Bernard Romans of Penfacola well obferves, 

that, on another account, the heavieft brafs compafles 
now in ufe are by no means to be relied on in a hol¬ 
low or high fea. This is owing to the box hanging 
in two brafs rings, confining it to only two motions, 
both vertical and at right angles with each other ; by 
which confinement of the box, upon any fuccufiion, 

more efpecially fudden ones, the card is always put in¬ 
to too much agitation, and, before it can well recover 

itfelf, another jerk prevents its pointing to the pole ; 
nor is it an extraordinary thing to fee the card unihip¬ 

ped by the violence of the {hip’s pitching. 
All thefe inconveniences are remedied to the tuil by 

giving the box a vertical motion at every degree and 
minute of the circle, and compounding thefe motions 
with a horizontal one of the box as well as of the card. 
By this unconfined difpofition of the box, the efteas 

of the jerks on the card are avoided, and it will always 
very fleadily point to the pole. “ Experience (lays 
our author) has taught me, that the card not only is 
not in the fmalleil degree affeaed by the> hollow fea, 

but that, in all the violent {hocks and whirlings the box 
can receive, the card lies as Hill as if in a room unanedt- 

ed by the leaft motion. # , 
(f Lately a compafs was invented and made m Hol¬ 

land, which has all thefe motions. It is of the fize of 
the common brafs compafles ; the bottom of the brafs 
box, inftead of being like a bowl, muft be raifed into a 
hollow cone, like the bottom of a common glafs bottle; 
the vertex of the cone muft be raifed fo high as to leave 

but one inch between the card and the glafs; the box 
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mull be of the ordinary depth, and a quantity of lead CompafV. 

muft be poured in the bottom of the box, round the 

bafe of the cone ; this fecures it on the {tile whereon 

it traverfes. 
“ This ft'ile is firmly fixed in the centre of a fquare 

wooden box, like the common compais, except that it 
requires a thicker bottom. The ftile muft be of brafs, 
about fix inches long, round, and of the thicknefs of 
one-third of an inch ; its head blunt, like the head of 
a fewdng-thimble, but of a good polifh : the ftile muft 
(land perpendicular. The inner vertex of the cone muft 

alfo be well poliffied ; the vertical part of the cone 
ought to be thick enough to allow of a well-polifhed 
cavity, fufficient to admit a fhort ftile, proceeding from 

the centre of the card whereon it traverfes. The com¬ 
pafs I faw was fo conftruded ; but I fee no reafon why 
the ftile might not proceed from the centre of the ver¬ 
tex of the cone, and fo be received by the card the 
common way. The needle muft be a magnetic bar, 

blunt at each end ; the glafs and cover are put on m 

the common way.” 
A compafs of this kind was fubmitted to our au¬ 

thor's examination by the captain of a {loop of war, 
who afTured him, that in a hard gale, which lafted fome 
days, there was no other compafs of the fmalleft fervice, 
Mr Romans was fatisfied that the officer did not praife' 
the apparatus more than it deferved ; and we feel our- 

felves ftrongly inclined to be of the fame opinion. 
It muft not be concealed, however, that the ingeni¬ 

ous Mr Nicholfon feems to think very differently of all 
fuch contrivances. In a paper publiffied in the ninth 
number of his valuable Journal, he labours to prove, 
that the compafs is very little difturbed by tilting the 
box on one fide, but very much by fudden horizontal 
changes of place ; that a fc^ntific provifion againit the 

latter is therefore the chief requifite in a well made in- 
ftrument of this kind ; and that no other provifion is 
requifite or can eafily be obtained, than good work- 
manfhip according to the common conftrudhon, and a 
proper adjuftment of the weight with regard to the 
centres or axes of fufpenfion. The fame author is or 
opinion, that it would greatly improve the compafs to 
make the needle flat and thin, and to fufpend it, not, 
as is moft commonly done, with its flat tide, but with 
its edge uppermoft ; for it being a well-known iact, 
that foft fteel lofes its magnetifm fooner than hard, it 
is obvious, that unlefs both fides of a needle be equally 
hard (which is almoft impoffible if they be diftant frorn 

each other), the magnetic power will, in procefs of 

time, deviate towards the harder fide. 
The Chinefe Compass has lome advantages over the* 

European compafs, from which it differs with refpedt 

to the length of the needle, and the manner in which 
it is fufpended. In the compafs of China, the magne¬ 
tic needle is feldom above an inch in length, and is lefs 
than a line in thicknefs. It is poifed with great nice¬ 
ty, and is remarkably fenfible, or, in other words, points 
fteadily towards the fame portion of the heavens. I his 
fteadinefs is accomplifhed by the following contrivance : 
“ A piece of thin copper is ftrapped round the cintre 
of the needle. This copper is rivetted by its edges to 
the upper part of a fmall hemifphencal cup, oftheTame 
metal, turned downwards. The cup fo inverted ferves 
as a focket to receive a fteel pivot riling from a cavity 

made into a round piece of light wood or cork, which 
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Compafs, thus forms the compafs-box. The furfaces of the foe- COMPOSITION of prorortion, according to Cotrtpofi* 
Comple- ket ang pivot) intencied to meet each other, are per- the 15th definition of the 5th book of Euclid’s Ele- hou 

m^nt‘ fedtlv poliffied. to avoid, as much as poffible. all friftion. ments, is when, of four proportionals, the fum of the r ^ 

The cup has a proportion ably broad margin, which, firft and fecond is to the fecond, as the fum of the third tion^" 
befide adding to its weight, tends, from its horizontal and fourth is to the fourth. 

pofttion, to keep the centre of gravity, in all fituations Composition of Ratios, is the adding of ratios to- 
of the compafs, nearly in coincidence with the centre of gether : which is performed by multiplying together 

fufpenfion. The cavity, in which the needle is thus their correfponding terms* viz. the antecedents together, 
fufpended, is in form circular, and is little more than and the confequents together, for the antecedent and 
fufficient to remove the needle, cup, and pivot. Over confequent of the compound ratio ; like as the addi- 

this cavity is placed a thin piece of tranfparent talc, tion of logarithms is the fame thing as the multiplica- 
which prevents the needle from being affe&ed by any tion of their correfponding numbers. Or, if the terms 
motion of the external air ; but permits the apparent of the ratios be placed fra dlion-wife, then the addition 
motion of the former to be eafily obferved. The fmall or compofition of the ratios is performed by multiply- 
and fhort needle of the chinefe has a material advantage ing the fradlions together. 

over tliofe of the ufual fize in Europe, with regard to COMPOUND interest. See Algebra, Encych 
the inclination or dip towards the horizon ; which, in and Compound Interest in this Supplement. 

the latter, requires that one extremity of the needle CONCEPTION, a city of Chili in *South America, 
fhould be made fo much heavier than the other as will was vifited in 1786 by the celebrated, though unfortu- 
counteraft the magnetic attradtion. This being diffe- nate, navigator La Peroufe, who gives an account of 
rent in different parts of the world, the needle can only fome particulars relating to it very different from what 
be accurately true at the place for which it had been we have given of it under the article Conception, En- 
conftrudled. But in fhort and light needles, fufpended cycU So far are the Spaniards from living in fecurity 
after the Chinefe manner, the weight beiow the point with refpedl to the Indians, that, according to him, 
of fufpenfion is more than fufficient to overcome the they are under continual alarms of being attacked by 
magnetic power of the dip or inclination in all fitua- thofe bold and enterprifing favages. “ The Indians of 
tions of the globe ; and therefore fuch needles will ne- Chili (fays he) are no longer thofe Americans who 
ver deviate from their horizontal pofition.” were iufpired with terror by European arms. The in- 

COMPLEMENT, in general, is what is wanting, or creafe of horfes, which are dilpei fed through the inte- 
neceffary, to complete fome certain quantity or thing. rior of the immenfe deferts of America, and that of 

Arithmetical Complement, is what a number or lo- oxen and fheep, which has alfo been very great, have 
garithm wants of unity or 1 with fome number of cy- converted theie people into a nation of Arabs, in every 
phers. It is bell found by beginning at the left hand thing refembling thofe w ho inhabit the deferts of Ara- 
fide, and fubtra&ing eveiy figure from 9, except the laft, bia. Conftantly on horfeback, they confider an exeur- 

er right hand figure, which muft be fubtra&ed from 10. lion of two hundred leagues as a very fhort journey. 
So, the arithmetical comp, of the log. 9*5329714, They march accompanied by their flocks ; feed upon 
by fubtra&ing from 9’s, &c. is 0-4670286. their flefli and milk, and fonietimes upon their blood ; 

The arithmetical complements are much ufed in ope- and cover tliemfelves with their ikins, of which they 
rations by logarithms, to change fubtradions into ad- make helmets, cuiraffes, and bucklers. All their old 
ditions, which are more conveniently performed, efpe- cuftoms are laid afide. They no longer feed upon the 
cially when there are more than one of them in the ope- fame fruits, nor wear the fame drefs ; but have a more 

ration, ^ ftriking refemblance to the Tartars, or to the inhabi- 
Complement, in aftronomy, is ufed for thediflance tants of the banks of the Red Sea, than to their ancef- 

of a liar from the zenith; or the arc contained between tors, who lived two centuries ago. So deceive an in- 
the zenith and the place of a liar which is above the fluence has the introdu&ion of two domeflic animals 
horizon. It is the fame as the complement of the alti- had upon the manners of that once timid people. It 
tude, or co-altitude, or the zenith diftance. is eafy to conceive what formidable enemies they mult 

Complement of the Courfe, in navigation, is the now be to the Spaniards ; for fuppofing them defeated 
quantity which the courfe wants of 90°, or 8 points, in battle, how is it poffible to follow them in fuch long 
viz.^a quarter of the compafs. . . excurfions ? How is it poffible to prevent aflemblages. 

Complement of the Curtain, in fortification, is that which bring together in a Angle point nations fcattered 
part of the anterior fide of the curtain which makes the over 400 leagues of country, and thus form armies of 
demigorge. . 30,000 men 

Complement of the Line of Defence, is the remainder Of theft people M. Rollin, furgeon-major of the fri- 
of that line, after the angle of the flank is taken away. gate la BuJJale, gives the following phyfiological parti- 

Complements of a Parallelogram, or in a Parallel0- culars : <fc They are, in general (fays he), oflower Ita- 
gram, are the two leffer parallelograms, made by draw- ture, and lefs robult, than Frenchmen, though they en- 
ing two right lines parallel to each fide of the given pa- dure with great courage the fatigues of war and all its 
rallelogram, through the fame point in the diagonal. attendant privations. There is a great famenefs in the 

Complement of Lifey a term much ufed, in the doc-, phyfiognomy of moll individuals. The face is larger 
trine of life annuities, by De Moivre; and, according to and rounder than that of Europeans. The features are 
him, it denotes the number of years which a given life more ftrongly marked. The eyes are fmall, dull, black 
wants of 86, this being the age which he coniidered as and deeply feated. The forehead is low; the eyebrows 
the utmoft probable extent of life. So 56 is the com- black and fhaggy ; the nofe fliort and flattened ; the 

plement of 30, and 30 is the complement of 56. cheek-bones high ; the lips thick ; the mouth wide ; 

3 3 and 
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Conception.and the-chin diminutive. The women are ftiort, ill- 

1-V-'made, and with difgufting countenances. Both men 
and women bore their nofe and ears, which they acorn 
with glafs or mother-of-pearl trinkets. 1 he colour of 

their (kin is a reddifh brown : 1 hat of their nails is fi- 
milar, but not fo deep. The,hair of both is black, 

coarie, and very thick. The men have little beard ; 

but their arm-pits and parts of fex are well furnifhed 
with hair, which parts, in moft of the women, have 

none.” . , 
The military governor of Conception, who was an 

Irifhman, returned, while M. de la Peroufe was there, 
from the frontiers of the Spanilh fettlements, where he 
had jufl concluded a glorious peace with the Indians. 
This peace was highly neceflary to the people of his 
government, whofe diftant habitations were expofed to 

the inroads of favage cavalry, whofe pradice it is to 
maffacre the men and children, and to make the wo¬ 

men prifoners. This amiable man, whofe name was 
Hfoguins (probably Higgins), had fucceeded in gaming 
the good-will of tliefe favages, and thereby rendered 

the moft ftgnal fervice to the nation that had adopted 
him. For while the Indians and Spaniards are at va¬ 
riance, an alliance with the former by any of the mari¬ 
time powers of Europe would become fo formidable to 

the latter, as to induce them, for fear of their lives, to 
abandon their fettlements in Chili, and retire to Peru. 

This was clearly feen by Monneron the engineer on the 
expedition, who, with the true fpirit of a Frenchman, 
pointed out to his government the method of wrelting 

from its moft faithful ally one of the moft valuable pro¬ 

vinces of the Spanifh empire. 
La Peroufe deferibes the common people of Concep¬ 

tion as much addi&ed to thieving, and the women as 
exceedingly eafy of accefs. “ They are a degenerated 
and mongrel race (fays he) ; but the inhabitants of the 

firft clafs, the true bred Spaniards, are polite and obli¬ 
ging in the extreme. The biftiop was a man of great 
fenfe, of agreeable manners, and of a charity of^which 

the Spanifh prelates afford frequent examples.” He 
was a Creole, and had never been in Europe. Of the 
monks our author gives a very different charader. 
c« The misfortune (fays he) of having nothing to do, 
the want of family ties, the profeffion of celibacy, with¬ 
out beinjy feparated from the world, and their living in 
the convenient retirement of their cells, has rendered, 

and could not fail to render, them the greateft profli, 
crates in America. Their effrontery is inconceivable. 

I have feen fome of them ftay till midnight at a ball ; 

aloof, indeed, from the good company, and feated among 
the fervants. Thefe fame monks gave our young men 
more exadl information than they could get elfewhere, 
concerning places with which priefls ought to have 
been acquainted only in order to interdict the entrance. 

M. de la Pfcroufe reprefents that part of Chili, which 

is called the Bijhoprif of Conception, as one of the moft 
fertile countries in the univerfe. Corn yields fixty to 
one; the vineyards are equally prodn&ive ; and the 
plains are covered with innumerable flocks, which, tho 
left to themfelves, multiply beyond all imagination. 
Yet this colony is far from making the progrefs that 
might be expe&ed from a fit nation fo favourable to an 
increafe of population. The influence of the government 
inceffantly counteracts the climate and the foil. Pro¬ 
hibitory regulations, exiit from one end of Chili to the 

2 ] CON 
other; and this kingdom, of which the productions, if Condorcet? 

carried to their higheft pitch, would feed the half of 
Europe ; of which the wool would fuffice for the ma¬ 
nufactures of Great Britain and France, even when ma¬ 
nufactures flourifhed in the latter country ; and oi 
which the cattle, if falted down, would produce an im- 
menfe revenue—is entirely dellitute of commerce, and 
its inhabitants funk in floth and indolence. Unlefs, 
therefore, Spain change its fyftem entirely, Chili will 
never reach that pitch of profperity which might be 
expected from its lituation and fertility. For the lati¬ 

tude and longitude of Conception, fee EncycL 
CONDORCET (Jean-Antoine Nicolas Caritat de), 

was born at Ribemont in Picardy, the 17th of Septem¬ 
ber 1743, of a noble and very ancient family. At the 
age of 15 he was fent to ftudy philofophy at the col- 
lecre of Navarre, and had the good fortune to fall into 
the hands of an able profeffor, who has ftnee diflinguifh- 

ed himfelf by his geometrical works. The young Con- 
dorcet had no relifh for the buftnefs of the firlt courfe, 
for the quibbles of ontology and pneumatology, and 
all the wretched appendages of fchool metaphyiics ; 
But in the following year, his ftudies, being directed 
to the mathematical and phyfical fciences, were entirely 
congenial to his tafte ; and though there were upwards 
of 120 fcholars, he diftinguifhed himfelf above them 
all. At Eailer he held a public thefis, at which Clairaut, 
D'Alembert, and Fontaine, affifted. He now returned 
home* but continued to cultivate geometry. To enjoy 
more opportunities of improvement, he removed in 
1762 to Paris ; where be attended the chemical courfe 
of Macquer and Beaume, and frequented the literary 

focieties which D'Alembert had formed at the houfe 

of Mademoifelle de Lefpinaffe. 
In 1765, when only 22 years old, lie publifhed a 

work on the Integral Calculus, which difeovered vaft 

extent and originality of views. Condorcet was already 
numbered with the foremoft mathematicians in Europe. 
“There was not (fays La Lande) above ten of that 
clafs ; one at Peterfburgh, one at Berlin, one at Bafle, 
one at Milan, and five or fix at Paris ; England, which, 
had fet fuch an illuftrious example, no longer produced 
a fingle geometer that could rank with the former. 
It is mortifying to us to confefs that this remark is but 
too much founded in truth. We doubt not but there 
are in Great Britain at prefent mathematicians equal in 
profundity and addrefs to any who have exifted fince 

the illuftrious Newton ; but thefe men are not known 
to the learned of Europe, becaufe they keep their 
fcience to themfelves. They have no encouragement, ^ 

from the tafte of the nation, to publifh any thing m 
thofe higher departments of geometry which have fo 
long occupied the. attention of the mathematicians on 

the continent. . # . 
In 1767 Condorcet'. publifhed his folution of the pro¬ 

blem of three bodies ; and in the following year, the firft 

part of his Analytical Effays; in which he entered 
very profoundly into thofe arduous queftions. He was 

received into the academy 011 the 8th of March 1769 ; 
and from that time till 1773 he enriched their annual 
volumes with memoirs on infinite feries, on partial and 
finite differences on equations of condition, and on 
other obje&s of importance in the higher calculus. It 
muff be regretted, that he indulged fpeeulation per¬ 

haps to excefs j the methods that he propofes for mte- 
1 gration 
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Condorcet gration are fometimes of a nature fo extremely general, 

-' as to refufe to be accommodated to pradice. Profe- 

cuting tliofe refearches For fevefal years longer, he com- 
pofed an ample Treatife on the Integral Calculus, in 
five parts, comprifing the dodrines and tlieir applica¬ 
tion. It was afterwards copied out for the prefs in 
3785 by Keralio, formerly governor to the Infant of 

Parma. Only 128 pages were printed ; but the manu- 
fcript ftill exifts; as does that of an elementary Treatife 
on Arithmetic. It is to be hoped that both of thefe will 
yet be given to the public. 

His attention was not, however, entirely abforbed 
in thofe recondite {Indies. He publifhed about this 
time an anonymous pamphlet, intitled A Letter (0 a 
"Theologian ; in which he replied with keen fatire to the 
attacks made by the author of the Three Centuries of 
Literature againft the philofophieal fed. “ But (fub- 
joins the prudent La Lande) he pufhed the matter 
fomewhat too far; for, admitting the juftnefs of his 
fyftem, it was more prudent to confine within the circle 
of the initiated thofe truths which are dangerous for 
the multitude, who cannot replace by found principles 

, what they would lofe of fear, of confolation, and of 
hope.” Condorcet was now leagued with the atheifts ; 
and La Lande , who wifhes well to the fame fed, cen- 
fures not his principles, but only regrets his rafhnefs. 
He was indeed, as Mr Burke obferved, a fanatic atheift 
and furious democratic republican. 

On the 10th of June r773 he was made fecretary of 
the academy of fciences ; and that important truft he 
difeharged through the reft of his life with great ability 
and uncommon reputation. The duties of his office 
required him to write the lives of the deceafed acade¬ 

micians, which he performed with diligence, judgment, 
and univerfal applaufe : And what fpecies of compo- 
iition is capable of being rendered fo exteniively ufeful 
as biography ? In the moft infinuating form it con¬ 
veys inftrudion ; and, bellowing vitality and adlion on 
the rules of condud and on the leffons of virtue, it fires 
the bread, with the nobleft emulat ion. The life of a 
philofopher muft alfo include a portion of the hiftory 
of feienee. We there trace the lucceffive flops which 
led to difeoveries, and learn to eftimate the value of 
thofe acquifitions by the'efforts that were made, and 
the obftacles that were furmounted. The literati of 
France have long excelled in the compofition of Eloges : 
but thofe of Condorcet are of a very fuperior caft. Re¬ 
plete with information and genuine fcience, they main¬ 
tain a dignified impartiality, and difplay vigour of ima¬ 
gination, with boldnefs and energy of ftyle. The intrepi¬ 
dity (fay his Panegvrifts) with which he uttered the fen- 
timents of truth ana of freedom, could not have been ex- 
pe&ed from the mouth of an academician under an ab¬ 
solute monarchy. It could not, indeed, till the prefent 
eventful age, have been expelled under any government 
whatever; for what he called the fentiments of truth were 
the dogmas of debafing irreligion, which would not have 

been permitted in the far-famed republics of Greece and 
Home .; and what he dignified with the appellation of 

the principles of freedom,, experience has ffiown to have 
been the immediate fource of anarchy, out of which has 
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the lives of thofe favants, who, having died before the Condorcet, 
renewal of the academy 1699, did not fall in with v—' 
the plan of Fontenelle. The fuppreffion of the hiftory 

of the academy, or the regular abftrads of the printed 
memoirs, which he effeded in 1783, afforded him more 
leifure. In 1787 appeared, yet without a name, his 
account, of Turgot; an ineftimable piece, which, in 
developing the beneficial views of a virtuous and enligh¬ 
tened minifter, exhibits the neateft abftrad of the prin¬ 
ciples of political economy that is extant in any lan¬ 
guage. .Nearly about the fame time he compofed that 
elegant life which is pitfixed to the fplended edition of 
the works of Voltaire. Condorcet had been eleded 
member of the Atademie Frangaife in 1782 ; and his re¬ 
putation as a fine writer was fo well eftabliffied, that 
book fellers were felicitous to cover tlieir undertakings 
with the fiindion of his yame. He promifed an addi¬ 
tional volume to the tranflation of Euler’s Letters to a 
German Princefs ; but it was never finiffied. The part 
which was printed, amounting to only 312 pages, con¬ 

tains the elements of the calculation of probabilities, and 
a curious plan of a didionary, in which objeds fhould 
be arranged by their qualities merely. A new tranf¬ 
lation. of Smith’s celebrated Wealth of Nations was 
likewife announced with the notes of Condorcet, tho’ 
he was never heartily engaged about it. On equally 

flight grounds, his name was lent to the Bibliotheque de 
V Homme Public ; and the facility of his temper laid 
him but too open, at this period, to fuch diiingenuous 
arts. . Indeed difingtnuous arts feem to be the natural 
offspring of the prefent philofophy of France ; for the 
tricks played by Voltaire to his bookfellers, which are 
well known, would in this country have funk into dif- 
grace the greateft genius that ever lived ; and the at¬ 
tempt of Diderot to cheat the late emprefs of Ruffiu, 
by felling to her, at an immenfe price, a library, which 
he pretended to be one of the moft valuable in Europe, 
when he poffeffed not perhaps one hundred volumes,, 
was difingenuity ingrafted on impudence. But tore- 
turn from this fhort digreffion. 

Thefe literary purfuits did not entirely fednee Con¬ 
dorcet from more profound ftudics. At the mitigation 
of Turgot, he fought to apply analyfis to queftions of 
polities and morality. His firft Memoir on Probabili¬ 
ties was read to the academy in 1781. fie afterwards 
extended his refearches to the confideration of eledions, 
fales, and fucceffions; and digefting thofe remarks and 
calculations into a fyftematic fhape,' he publifhed in 
1785 a quarto volume, containing the elements of a 
new and important fcience. 

It is eafy to conceive the intereft that Condorcet 
would take in the fuccefs of the revolution. Aware of 
the prodigious influence of newfpapers, he contributed 
largely to the Journal de Paris, and the Chronique, 
which acquired great celebrity from the elegance of his 
pen ; and not very long before his death, he began, in 

concert with the famous Sieyes, a Journal of Social In¬ 
ftrudion. In 1791 he wrote a pamphlet in favour of 
republican government, which procured him a feat in 

the Legiflative. Affembly, and the academy permitted 
him Hill to retain the office of fecretary. He drew up 

fprung a defpotifm, the heavieft under which any people a manifefto on the fubjed of the war menaced by the 
have groaned fince the creation of the world. crowned heads; and a very ample report on public in- 

23 elides the eloges, which properly belonged to his ftrudion, which has in part been lately adopted by the 

province, Condorcet publifhed in a feparate volume councils of France. He was an early member of the 

, Jacobin 
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Condorcet. Jacobin club, that aAive inftrwncnt of the revolution : amelette. 

' but perceiving the progreffive ferocity of its meafures, 

lie forfook it in March i792* , « 
On the i3th of Auguft, when the king was conduc¬ 

ed to the temple, Condorcet was lia^ned by the Al- 
fembly to draw up a junificatory memorial addrefled to 

rdl Europe. At the diflblution of that Aflembly, he 
was chofen deputy to the National Convention, and for 

fome time afted a diftinguilhed part in its deliberations. 

He was at the head of the committee appointed to pre¬ 
pare the plan of a republican conflittrUon. But, in the 

meanwhile, the faCion of the Mountain, with a pecu¬ 
liar energy of charader, was rapidly acquiring flrength. 

The report of the committee was coldly received—was 
even treated with contempt; and, on the 31ft of May 

*703, Robefpierre completely triumphed. 
During the conteft between the Mountain and the 

Bri fib tines, Condorcet maintained a cautious filence. 
For eight months he hardly fpoke in the Convention ; 
and feems to have been fingularly wary in not nlking 
an opinion on any party queftion. At length he was 
fo far roufed by the indignities which the legislative 
body daily endured, that he propofed the diAblution of 
the Convention, and the calling of a new one. This 
probably exafperated the Mountain to fuch an excefs, 
that in a fubfequent infurredion his printing-office was 

deftroyed. He was not, however, included in the hit 

of proferibed deputies; nor was he one of the members 
who figned the famous proteil again!! the proceedings 

on the 31ft of May. See Revolution (Encycl), n 

*5But though he could conquer every fentiment of 
friendfhip, and ftifle every indignant fenfation at the 
deftruCion of his-party, his vanity as an author pro¬ 
pelled him to a fatal exertion. When the conftitution 
0f 1793 was accepted, he publilhed An Addrefs to all 

French Citizens; reprobating the extreme rapidity and 
want of ccnfideration with which it had been framed 
and accepted, and detailing the numerous ads of vio¬ 
lence by which the prevailing party in the Convention 
had eftablilhed their influence. . This raffi ad placed 
him in the power of the Mountain : Chabot denounced 
the publication, and moved for a decree of accufation 
againft Condorcet; which was immediately granted. 

He efcaped from the arveft, and concealed himfelf 

nine months in the houfe of a woman in Paris, who, 
though (he knew him only by name, had the generali¬ 
ty to rilk her life, and fuftain all the inconveniences 

arifing from her harbouring fuch a gueft. At length 
a domiciliary vifit was threatened, and he was obliged 
to quit his afylum. He had the good fortune, though 
unprovided with a pafiport or civic card, to efcape 
through the barrier; when he went to the country - 
houfe of a friend on the plain of Mont-Rouge. Un¬ 

fortunately his friend was at Paris, and not expeded to 
return in lefs than three days ; during which the fugi¬ 
tive was obliged to wander about, expofed to hunger, 
cold, fufpenfe, and the pain arifing from a wound in 
his foot. At length his friend returned into the coun¬ 
try, and found him; but confidering it dangerous to 
take him to his houfe in the day-time, requefted him to 
wait till night, when he would receive and conceal him. 
Condorcet, on that day which his Iriend had fixed as 
the e$d of his miferies, forgot the didates of prudence, 

s^nd went to an inn at Chemare, where he ordered an 
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His fqualid appearance, dirty cap, torn Condorcet. 

clothes, leannefs, and voracity, fixed the attention 
a municipal officer, who afked him whence he came, 
whither he was going, and if he had a pafiport ? His 
confufion at thefe interrogatories betrayed him, and he 
was inftantly apprehended. He was confined that night 
in a dungeon, and in the morning was tound dead. He 
always carried about him a dofe of poifon, with which 
he terminated his life, to avoid a trial before the revo¬ 
lutionary tribunal, and Ihun the gradual approach or in¬ 

evitable dellrudion. 
Thus miferably perilhed a philofopher, whole “ ge¬ 

nius (fays Madame Roland) wras equal to the compre- 
henfion of the vafteft fubjeds; but he had no other 
chara&eriftic befides fear. It may be laid of his under- 
llanding, combined with his perion, that it was a fine 
efience abforbed in cotton. No one could fay ot him, 
that in a feeble body he difplayed great courage; for 
his heart and his conftitution were equally weak. After 
having deduced a principle, or demonftrated a fad, in 
the Aflembly, he would give a vote decidedly oppoiite ; 
overawed by the thunder of the tribunes, armed with 

infults, and prodigal of threats.”. 
It was during the period of his concealment at Pa- 

ris, uncertain of a day’s exiftence, that he wrote his 
Sketch of the Progrefs of the Human Mind ; a pro¬ 
duction which undoubtedly difplays genius, though it 
contains fome of the molt extravagant paradoxes that 
ever fell from the pen of a philofopher. Among other 
wonderful things, the author inculcates the poihbility, 

if not the probability, that the nature of man maytbe 
improved to abfolute perfection in body and mind, and 
his exiftence in this world protraCted to immortality. 
So firmly does he feem to have been perfuaded of the 
truth of this unphilofophical opinion, that he fet him- 

felf ferioufly to coniider how men ffiould condud them- 
felves when the population (hould become too great tor 

the quantity of food which the earth can produce; and 
the only way which he could find for counteracting this 
evil was, to check population by promifeuous concubi¬ 
nage and other praftices, with an account of which we 
will not fully our pages. Yet we are told by La Lande, 
that this iketch is “ only the outline of a great work, 
which, had the author lived to complete it, would have 
been confidered as a monument ere&ed to the honour of 
human nature ! i !” La Lande, indeed, fpeaks of the 
author in terms of high refped; and his abilities are 
certainly unqueftionable : but what fliall we think oi 
the morals of that man, who firft purfued with ma¬ 
licious reports* and afterwards hired ruffians to aflaili- 
nate the old Duke of Rochefoucalt, in whofe houle * dg 

he had been brought up ; by whom he had been treat- phyf. Nov. 
ed as a fon ; and at whofe felicitation Turgot created 17?*, 

for him a lucrative office ; and by the power of the 
court raifed him to all his eminence ? There is a living 
Englilh writer, who has laboured hard to prove that 
gratitude is a crime. Condorcet mull furely have held 
the fame opinion ; and therefore could not blame thofe 
low-born tyrants who palled againft him what vye mull 
think an unjuft decree of accufation; for it was in fome 
degree to his writings that thofe tyrants wxre indebted 

for their power. _ . , 
About the end of the year .786, Condorcet manned 

Marie-Louife Sophie de Grouchy, whofe youth, wit, 

and beauty, were lefs attractive in the eyes of 3^pb‘^- 



CON [ 
Conferva fopher than the tender and courageous anxiety 

II . which Ihe watched the couch, and affuaged the fuffer- 
Contagion. »ng8< Qf t]le fon 0f pref]dent du Paty, who had been 

bitten by a mad dog. This union, however, we are 
told, was fatal to his repofe ; it tempted him into the 
dangerous toad of ambition ; and the idea of providing 
for a wife and daughter induced him to feek for offices 
which once he would have defpifed. 

CONFERVA jugalis (fee Conferva, Encycl.) is 
introduced here merely on account of a curious circum- 
flance refpefting it, which was communicated, not long 
ago, to the Philomath: Society at Paris. Citizens 
Charles and Romain Coquebert having colle&ed fome 
of this Conferva in the neighbourhood of Paris, afcer- 
tained, by means of an excellent microfcope, conflrudt- 
ed by Nairne and Blunt, that, in this fpecies, there are 
male and female filaments, which unite by an a&ual co¬ 
pulation ; that certain globules contained in the male 
filaments pafs into the interior part of the female fila¬ 
ments ; and that by this union there are formed in the 
latter feeds, or, if we may ufe the expreffion, fmall ova> 
which reproduce the fpecies. This is the firft inftance, 
in the vegetable kingdom, of a reprodu&ian abfolutely 
analogous to that which we find among animals.—Phi- 
lofophical Magazine, N° 3. 

May this fa& be depended on ? We queflion not, in 
the flighted degree, the veracity of the editor of the 
very refpe&able mifcellany from which we have copied 
it ; but we confefs ourfelves inclined to admit the phy- 
flological difcoveries of citizen philofphers with great 
hefitation. The fa&, if real, is certainly curious, and 
may lead to important conclufions; and we therefore re¬ 
commend an invedigation of its truth to our botanical 
readers. 

CONGELATION. See Chemistry in this Sup¬ 
plement, n° 280 — 283. 

CONTAGION (fee Encycl.) is a fubjedf on which 
much has been written to very little purpofe. Of all 
the attempts which have been made to account for it, 
there is not one that can be thought fatisfa&ory. This, 
however, is not perhaps a matter of great importance, 
if a method could only be difcovered to dop the pro- 
grefs of contagion where it is known to have place. 
Among the many benefits which may be reaped from 
the late difcoveries in chemidry, even this defideratum 
promifes to be one ; and we furely need not add one of 
the greated. Dr James Carmichael Smyth, phyfician 
extraordinary to his Majedy, fuggeded, in the year 
1795 or 1796, a procefs f°r determining the effedl of 
the nitric acid in deftroying contagion ; and experi¬ 
ments, according to his directions, were made on board 
the Union and other fhips at Sheernef3. 

The Union was an hofpital fhip, and the experiment 
on board her was conducted by Mr Menzies, late fur- 
geon to his Majedy’s floop Difcovery, and by Mr Baf- 
fan, furgeon of the Union; and when it is confidered 
that frelh contagion was daily pouring into the hofpital 
from the Ruffian veffels, which were at that time lying 
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vith in the Downs, and which had brought with them a Contagtom 

fpecies of fever that might in every fenfe of the word w“V——* 
be termed an epidemy, it will be allowed, that the fuc- 
cefs which attended it was fuch that it cannot be too 
generally known. 

The wards were extremely crowded, and the fick of 
every defcription lay in cradles, promifcuoufly arranged, 
to the number of nearly two hundred ; of which about 
one hundred and fifty were in different dages of the 
above malignant fever, which was extremely contagious, 
as appeared evident from its rapid progrefs and fatal ef¬ 
fects among the attendants on the fiek and the fhip’s 
company. 

The utenfils and materials provided for the procefs 
were the following: A quantity of fine fand, about two 
dozen quart earthen pipkins, as many common tea¬ 
cups, fome long flips of glafs to be ufed as fpatulas, a 
quantity of concentrated vitriolic (fulphuric) acid, and 
a quantity of pure nitre (nitrat of potafh). 

The procefs was conduced in the following manner: 
ljly All the ports and fcuttles were fhut up ; the fand, 
which had been previoufly heated in iron pots, was then 
fcooped out into the pipkins by means of an iron ladle; 
and in this heated fand, in each pipkin, a fmall tea-cup 
was immerfed, containing about half an ounce of the 
fulphuric acid, to which, after it had acquired a proper 
degree of heat, an equal quantity of nitrat of potafh in 
powder was gradually added, and the mixture ftirred 
with a glafs fpatula till the vapour arofe from it in con- 
fiderable quantity (a). The pipkins were then carried 
through the wards by the nurfes and convalefcents, who 
kept walking about with them in their hands, occafion- 
ally putting them under the cradles of the fick, and in 
every corner where any foul air was fupedted to lodge. 
In this manner they continued fumigating, until the 
whole fpace between decks was fore and aft filled with 
the vapour, which appeared like a thick base. 

The vapour at firft excited a good deal of coughing 
among the patients, which gradually ceafed as it be¬ 
came more generally diffufed through the wards ; part 
of this effedt, however, was to be attributed to the in¬ 
attention of thofe who carried the pipkins, in putting, 
them too near the faces of the fick; which caufed them 
to inhale the ftrong vapour as it immediately ilFued from 
the cups. 

The body-clothes and bed-clothes of the tick were as 
much as poffible expofed to the nitrous vapour during 
the fumigation ; and all the foul linen removed from 
them was immediately immerfed in a tub of cold water, 
afterwards carried on deck, rinfed out, and hung up till 
nearly dry, and then fumigated before it was taken to 
the wafli-houfe : a precaution extremely neceffary in 
every cafe of infectious diforder. Due attention was. 
alfo paid to cleanlinefs and ventilation. 

It took about three hours to fumigate the fhip. In 
about an hour after, the vapour having entirely fubli- 
ded, the ports-and fcuttles were thrown open for the 
admiffion of frefh air. It could plainly be perceived 

that. 

(a) That the fumes of the mineral acids poffefTed the property of Hopping contagion was proved by Morveau 
as far back as the year 1773, who, by means of the fumes of muriatic acid extricated from the muriat of foth 
(fea fait) by the fulphuric acid, purified the air of the cathedral of Dijon, which had been fo much infe&ed by 
exhumations that they were obliged to abandon the building. See Chemistry, n 426. in this Supply * 
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Contagion, that the air of the hofpital was greatly fwectened even 

-by this firft fumigation. The procefs was repeated 
again next morning; and the people employed, being 
now better acquainted with it, were more expert, and 

finifhed the whole in about an hour's time. In an 
hour afterwards, the vapour having entirely fubfided, 

the frefli air was freely admitted into the hofpital. as 
before. r Fewer pipkins were employed for the evening 
fumigations than for thofe of the mornings, as the frefh 

1 air could not be admitted fo freely after the former as 

the latter. 
The pleafing and immediate effeft of the fumigation 

in dellroying the offenfive and difagreeable fmell, arifing 
from fo many Tick crowded together, was now very 
perceptible, even to the nurfes and attendants ; the con- 

fequence of which was, that they began to place fome 
degree of confidence in its efficacy, and approached the 

cradles of the infefted with lefs dread of being attack¬ 
ed with the diforder ; fo that the Tick were better at¬ 
tended, and the duty of the hofpital was more regular¬ 
ly and more cheerfully performed. In fhort, a pleafing 
gleam of hope feemed now to caft its cheering influence 
over that general defpondency, which was before evi¬ 
dently pictured in every countenance, from the dread 
and horror each individual naturally entertained of be¬ 
ing, perhaps, the next viftini to the malignant powers 

of a virulent contagion. 
It is a remarkable faft, that from the 26th of No¬ 

vember 1795, when the fumigation was firft reforted 

to, till the 25th cf December, not a perfon on board 
was attacked with the fever, though, in the three 
months preceding, more than one-third of all the people 
In the fhip had been feized with the diftemper,. and of 
thefe more than one in four were carried off by it ; and 
the probability is, that the ficknefs and mortality would 
have gone on, increafing in proportion to the diffufion 
of the contagion, and to the increafing defpondency of 
the people, who considered themfelves as fo many devo¬ 

ted victims. 
The advantage of the fumigation was not felt by the 

{hip’s company and attendants alone, whom it preferved 

from the baneful effefts of the fever : the Tick and con- 
valefcents derived almoft an equal benefit from it. The 
fymptoms of the difeafe were meliorated, and loft much 
of their malignant appearance ; and the advantage of a 
pure air, and free from ftench, to convalefcents, may be 

readily conceived. 
Great confidence is always dangerous. It proved fo 

on the prefent occafion. On the 17th of December 
they imagined themfelves fo fecure, that they difcon- 
tinued the cuftom of fumigating morning and evening, 
thinking that once a day was fufficient. On the 25th, 
one of the nurfes fuffered a flight attack ; and on the 
26th, a marine, who, for a week before, had been in a 
{late of intoxication, was feized with the fever, of which 
lie died. Thefe two accidents gave immediate alarm : 
they returned again to the practice of fumigating twice 
a-day ; and from that time to the extermination of the 
diforder, there was not an inflance of a perfon fuffering 

from contagion on board the fhip. 
The fuccefs of the experiment was not confined to 

the Union : the power of the nitrous vapour to deftroy 
contagion was equally difplayed on board the Ruffian 

fhips in which it was employed, • The fafety, too, with 

which it may be employed, in any lituation, without Contagion 

inconvenience or rifk of fire, is another great recom- II 

mendation in its favour. < 
From the description that has been given of the pro¬ 

cefs, no perfon can be at any lofs in reforting to the 
fame kind of fumigation. It is only neceffary to ob- 
ferve, for the fake of thofe who may not be verfant in 
chemical purfuits, that the ingredients ought to be 
pure, and that metal veffels or rods muft not be em¬ 
ployed. Any kind of metal getting among the ingre¬ 
dients would caufe the vapour to be very noxious in- 
ftead of falutary. The fumes that rife fhould be white; 
if they arc of a red colour, there is reafon to fufpeft the 
purity of the ingredients. 

The importance of this difcovery need not be infilled 
on : it is equally applicable to every fpecies of putrid 
contagion, even to the plague itfelfi It fhould there¬ 
fore be ufed in all hofpitals and pan'll wovkhoufes; and 
fhould be conftantly reforted to by the proprietors of all 
large works, on the firft appearance of infectious difeafe 
among the people employed in them :—Indeed, it fhould 
be employed even as a preventive in all Situations where 
a number of people, from the nature of their bufinefs, 
are obliged to be crowded together, or where, from lo¬ 
cal circumftances, there are reafons for fufpefting that 
the purity of the air is injured by noxious exhalations 
or other caufes. If there be any circumftances in which 
its utility may be called in queftion, it can only be in 
cafes of inflammatory difeafes ; for in fuch fuperoxyge- 
nation has been found hurtful. 

CONTRA-Harmonicau Proportion, that relation 
of three terms, in which the difference of the firft and 
fecond is to the difference of the fecond and third, as 
the third is to the firft. hus, for iuftance, 3* 5> an<^ 
6| are numbers contra-harmonically proportional; for 
2 : 1 : : 6 : 3. t <t 

CoNTRA-Mure, in fortification, is a little wall bunt 
before another partition wall, to ftrengthen it, fo that it 
may receive no damage from the adjacent buildings. 

COOPER, an artificer who makes coops, calks, 
tubs, or barrels, /. e, all kinds of wooden veffels bound 
together by hoops. See Encycl. 

The art of the cooper appears to be of great anti¬ 
quity, and to have very foon attained to all the perfec¬ 
tion which it poffeffes at prefent. . This being the cafe, 
it is obvious that we can communicate no inftruftion to 
the cooper himfelf, and, on the fubjeft of his art, very 
little that could be interefting to our other readers. In 
the Encyclopedic Methodique there is a long aiuj verbofe 
account of the tools or inftruments employed by the 
cooper ; of the kinds of timber proper for the different 
kinds of cafks ; of the methods of preparing the wood 
for his various purpofes ; of the manner in which he 
ought to hold the plane when dreffing the ftaves ; and of 
the time when it is proper to put the ftaves together, 
or, in other words, to mount the cafk. From this de¬ 
tail we ffiall extra ft fuch particulars as appear to us to 
be leaft generally known, though perhaps of no great 
importance in themfelves. . 

Notwithftanding the antiquity, of the art of cajk- 

luilding, there are fome countries in which even now it 
is wholly unknown ; and others where, though it is 
Efficiently known, yet, from the fcarcity of wood.or 

fome other caufe, earthen veffels, and fkins lined with 
nitrh. 
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CoQPei% pitch, are preferred to wooden barrels for the holding ment of a circle or 

W v ' and tranfporting of liquors. The Latin word doliumy 
which we tranflate “ a cafk,” was employed by the 
Romans to denote earthen veffels ufed for this purpofe; 
though the word dolare, from which it is derived, ap¬ 
plies very well to our calks, which are compofed of fe- 

veral pieces of wood hewn from the fame tree, and fit¬ 
ted by planes before they be joined together. We are 
indeed certain that calks of the fame kind with our 
own were in ufe among the Romans before the Chrif- 
tian era; for both Varro and Columella, in treating of 
the rural economy of their days, fpeak of veffels formed 
of feveral ftaves of wood bound together by circles or 

hoops. The merit of having invented fuch veffels is 
given by Pliny to certain people who lived at the foot 
of the Alps, and who in his days lined their calks with 
pitch. 

At what period the fabrication of calks was introdu¬ 
ced into Britain is unknown to us, though it is probable 
that we derived the art from the French, who might 
have it from the Romans. 

We need hardly inform any of our readers, that a 
calk has the appearance of two truncated cones joined 
at their bafes, or that the part where the jun&ion ap¬ 
pears to be made'being the moll capacious, or that of 
which the diameter is the largeft, is vulgarly called the 
belly of the calk. Thefe cones, however, were they 
completed, would not be regular, but rather conoids, be¬ 
ing formed of pieces of timber, or ftaves, which are not 
ftraight lines as in the cone, but are curved from the 
vertex to the bafe. 

In choofing his wood, if he can have a choice, the 
cooper prefers old and thick and ftraight trees, from 
which he hews thin planks to be formed into ftaves ; 
and in France, where this art is pra&ifed on a large 
fcale, the winter months are allotted for the prepara¬ 
tion of the ftaves and bottoms, and the fummer for put¬ 
ting them together or mounting the calk. The author 
of the article in the Jbncyclopedie Methodique diredls the 

> cooper, when dreffing the ftaves with the plane, to cut 
the wood always acrofs ; a practice which we doubt 
not is proper, though we think it would not be eafy to 
aflign the reafon of it. Plaining is the raoft laborious 
and difficult part of the work ; and there are but few 
coopers who plane quickly, and at the fame time well. 
In (hops where the work is diftributed into parts, plain¬ 
ing is reckoned a great objeft ; and in France, before 
the revolution, a good plainer gained from three /hil¬ 

lings ^and threepence fterling to four (hillings and three- 
farthings a-day. 

In forming the ftaves, it mull never be forgotten that 
each is to conftitute part of a double conoid ; that it 
muft therefore be broadeft at the middle, becoming gra¬ 
dually, though not in ftraight lines, narrower towards 
the extremities; that the outfide acrofs the wood muft 
be wrought into, the fegment of a circle ; and that the 
ftave muft be thickeft near the middle, growing thinner, 
by very gentle degrees, towards the ends. To adjuft 
accurately thefe different curves (for even the narrow- 

tnS of the ftaves muft be in a curve) to the fize and in¬ 
tended fhape of the calk, would require either* great ex¬ 

perience, or a larger portion of mathematical fcience 
than we have reafon to think that many coopers pof- 

fefs. With refpeft to the fnfide of the ftave, it is of 

little confequencc whether it be round'ed into the fes- 
Suppl. Vol. I. Part II. 
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_ not, and therefore the cooper very 

feldom takes that trouble. 

The ftaves being all dreffed and ready to be arran¬ 
ged in a circular form, it might be thought neceffary, 

in order to make the Teams tight, to trim the thin 
edges, which are to be joined together, in fuch a man¬ 
ner as that a ray palling from the outfide of the cafe 

through a Team to the centre, fhould touch the conti¬ 
guous ftaves from the exterior to the interior lide ; in 
other words, that the thin edges ffiould be Hoped as the 
archftones of a bridge are Hoped, fo that the contigu¬ 
ous ftaves may be brought into firm contadl throughout 
the whole joint. This, however, is not the pra£tice of 
the cooper. With great propriety he brings the con¬ 
tiguous ftaves into contadl at their inner furfaces only ; 
fo.that by driving the hoops hard, he can make the 
joints much clofer than he could poffibly have done had 
the edges of the ftaves been fo Hoped as to permit them 
to touch each other throughout before being drove to¬ 
gether by the compreffion of the hoops. This, toge¬ 
ther with giving to the ftaves the proper curvature* 
feems to be the only part of the cooper's work which 

' deferves the name of art ; for the driving of the hoops 
and the forming of the bottoms could certainly be ac* 
Complifhed by any carpenter, we had almoft faid by 
any man, though he had never feen a hoop driven or a 
bottom formed. 

In many parts of Scotland, inflead of ale or beer 
mugs, they ufe fmall hooped wooden veffels, of which 

the ftaves are feather-edged or dove-tailed into one an¬ 
other. This, as the ftaves are of different colours, in- 
creafes the beauty of the veffeJ, and to a fuperfleial ob- 
ferver appears to be an ingenious contrivance ; but it 
adds nothing to the ftrength or tightnefs of the Team, 
and cannot be attended with the fmalleft difficulty. We 
think, indeed, that in a large calk or tub it would 
prove injurious to the ftam ; for either thefe dove-tails 
muft be very thin flips raifed from the interior edges of 
the ftaves, which in many cafes could not be"done if the 
wood, were thoroughly feafoned ; or if they be cut out 
like inverted wedges, the contiguous ftaves muft be 
brought into contact from the interior to the exterior 
fide previous to the driving of the hoops ; and in that 
cafe, as we have feen, the feams could not be made 
completely tight. 

COPERNICUS (Nicolaus), the reftorer, if not 
inventor, of the true fyftem of the fun, holds fo confpu 
cuous a place in the republieof fcience, that every man 
of a liberal education muft be interefted both in the 
events of his life and in the hiftory of his difeoveries. 
Accordingly, in the Encyclopedia, we have given a 
mort (ketch of his hiftory, as well as an account of what 
led him to fuppole the fun placed in the centre of our 

lyitem (fee Copernicus, and Astronomy, n° 22 

f”?"*) Since thefe articles were publiflied, Dr Adam 
bmith s hjjays on Philofophical Suljeds have been <nven 
to the world ; and in that which is intitled The Hiftory 

of Aftronomy, we have an account of Copernicus’s dif- 
coveries, fo much more perfpicuous and fatisfaftory than 
any thing which we have elfewhere feen on the fubjed 

that we are perfuaded our readers will be nleafed to 
meet with it here. 1 

“ The confufion (fays Dr Smith) in which the old 

hypothecs represented the heavenly bodies, was, as Co. 

permeus lnmfelf tells us, what firft fuggefted to him the 
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Copernicus, defign of forming a new fyftem, that tliefe, the nobleft bit, and 

“"v works of Nature, might no longer appear devoid of that 
harmony and proportion which difcover themfelves in 
her meaneft produ&ions. What moil of all diffatisfied 
him was, the notion of the equalizing circle, which, by 
reprefenting the revolutions of the celeilial fpheres as 

equable only, when furveycd from a point that was dif¬ 
ferent from their centres, introduced a real inequality 

into their motions ; contrary to that molt natural, and 
indeed fundamental idea, with which all the authors of 
agronomical fyftems, Plato, Eudoxus, Ariftotle, even 
Hipparchus and Ptolemy themfelves, had hitherto fet 

out, that the real motions of fuch beautiful and divine 
obje&s mull necelfarily be perfe&ly regular, and go on 
in a manner as agreeable to the imagination as the ob¬ 
je&s themfelves are to the fenfes. He began to conii- 
der, therefore, whether, by fuppofmg the heavenly bo¬ 
dies to be arranged in a different order from that in 
which Ariftotle and Hipparchus had placed them, this 
fo much fought for uniformity might not be bellowed 
upon their motions. To difcover this arrangement, he 

examined all the obfeure traditions delivered down to 
us, concerning every other hypothecs which the ancients 

had invented for the fame pnrpofe. He found, in Plu¬ 
tarch, that fome old Pythagoreans had reprefented the 
earth as revolving in the centre of the univerfe, like a 
wheel round its own axis ; and that others, of the fame 
fed, had removed it from the centre, and reprefented it 

.as revolving in the ecliptic like a liar round the central 
fire. By this central lire he fuppofed they meant the 
fun ; and though in this he was very widely millaken, 
it was, it feems, upon this interpretation that he began 
to confider how fuch an hypothefis might be made to 
correfpond to the appearances. The fuppofed autho¬ 

rity of thofe old philofophers, if it did not originally 
fuggell to him his fyftem, it feems at leafl to have con¬ 
firmed him in an opinion which, it is not improbable, 
he had before-hand other reafons for embracing, not- 

withllanding what he himfelf would affirm to the con- 

trary. 
“ It then occurred to him, that if the earth was fup¬ 

pofed to revolve every day round its axis, from well to 
call, all the heavenly bodies would appear to revolve, in 
a contrary dire&ion, from eafl to well. The diurnal 
revolution of the heavens, upon this hypothefis, might 
be only apparent; the firmament, which has no other 

fenfible motion, might be perfe&ly at reft ; while the 
* fun, the moon, and the five planets, might have no 

other movement befide that eaftward revolution which 
is peculiar to themfelves. That, by fuppofmg the 
earth to revolve with the planets round the fun, in an 
orbit, which comprehended within it the orbits of Ve¬ 
nus and Mercury, but was comprehended within thofe 
of Mars, Jupiter, and Saturn, he could, without the 
e mb arr ailment of epicycles, conne& together the appa¬ 

rent annual revolutions of the fun, and the dire&, re¬ 
trograde, and llationary appearances of the planets ; 

that while the earth really revolved round the fun on 
one fide of the heavens, the fun would appear to re¬ 
volve round the earth 011 the other; that while fhe 
really advanced in her annual courfe, he wopld appear 
to advance eaftward in that movement which is peculiar 
to himfelf. That, by fuppofmg the axis of the earth 

' to be always parallel to itfelf, not to be quite perpen¬ 

dicular, but fome what inclined to the plane of her or- 

C O P 
Uli., confequently to prefent to the fun, the one Coper 

pole when on the one fide of him, and the other when *' ^ 
on the other, he would account for the obliquity of 

the ecliptic ; the fun’s feemingly alternate progreffion 
from north to fouth, and from foutli to north, the con- 
fequent change of the feafons, and different lengths of 

days and nights in the different feafons. 
“ If this new hypothefis thus conne&ed together all 

tliefe appearances as happily as that of Ptolemy, there 
were others which it conne&ed together much better. . 
The three fuperior planets, when nearly in conjun&ion 
with the fun, appear always at the greateft diftarice from, 

the earth, are fmalleft, and lead fenfible to the eye, and 
feem to revolve forward in their dire& motion with the 
greateft rapidity. On the contrary, when in oppofi- 
tion to the fun, that is, when in their meridian about 
midnight, they appear neareil the earth, are largeft, and 

moll fenfible to the eye, and feem to revolve backwards 
in their retrograde motion. To explain tliefe appear¬ 

ances, the fyftem of Ptolemy fuppofed each of tliefe 
planets to be at the upper part of their feveral epicy¬ 
cles in the one cafe, and at the lower in the other. 
But'it afforded no fatisfa&ory principle of conne&ion, 
which could lead the mind eafily to conceive how the 
epicycles of thofe planets, whofe fpheres were fo diftant 
from the Tphere of the fun, ffiould thus, if one may fay 
fo, keep time to his motion. The fyftem of Coperni¬ 
cus afforded this eafily, and like a more fimple machine, 
without the affiftance of epicycles, conne&ed together, 
by fewer movements, the complex appearances of the 
heavens. When the fuperior planets appear nearly in 
conjun&ion with the fun, they are then in the fide of 

their orbits, which is almoft oppofite to, and moll dif¬ 
tant from, the earth, and therefore appears fmalleft and 

leaft fenfible to the eye. But as they then revolve in 
a dire&ion which is almoft contrary to that of the 
earth, they appear to advance forward with double, ve¬ 

locity ; as a ffiip that fails in a contrary dire&ion to 
another, appears from that other to fail both with its 
own velocity and the velocity of that from which it is 
feen. On the contrary, when thofe planets are in op- 
pofition to the fun, they are on the fame fide of the fun 
with the earth, are neareil it,. moil. fenfible to the eye, 
and revolve in the fame dire&ion with it ; but as their 
revolutions round the fun are (lower than that of the 
earth, they are neceffarily left behind by it, and there¬ 

fore feem to revolve backwards ; as a fhip which fails 
flower than another, though it fails in the fame direc¬ 

tion, appears from that other to fail backwards. After 
the fame manner, by the fame annual revolution of the 
earth, he conne&ed together the dire& and retrograde 
motions of the two inferior planets, as well as the fta- 

tionary appearances of all the five. 
“ Thus far did this new account of things render the 

appearances of the heavens more completely coherent 

than had been done by any of the former fyftems.* It 
did this, too, by a more fimple and intelligible, as well 
as more beautiful machinery. It reprefented the fun, 
the great enlightener of the univerfe, whofe body was 
alone larger than all the planets taken together, as efta- 
bliffied immoveable in the centre, ftiedding light and. 
heat on all the worlds that circulated around him in 
one uniform dire&ion, but in longer or ftiorter periods, 

according to their different diflances. It took away 
the diurnal revolution of the firmament, whofe rapidity. 

upon 
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Copernicus, itpon the old hypothecs, was beyond what even thought 

could conceive. It not only delivered the imagination 
from the embarraffment of epicycles, but from the diffi¬ 
culty of conceiving thefe two oppofite motions going 
on at the fame time, which the fyftem of Ptolemy and 
Ariftotle bellowed upon all the planets ; I mean, their 
diurnal weft ward, and periodical eaftward revolutions. 
The earth’s revolution round its own axis took away 
the neceffity for fiippofing the firft, and the fecond was 
eafily conceived when by itklf. The five planets, which 
feem, upon all other fyftems, to be objedls of a fpecies 
by themfelves, unlike to every thing to which the ima¬ 
gination has been aecuftomed, when fuppofed to revolve 
along with the earth round the fun, were naturally ap. 
prehended to be objedls of the fame kind wirii the earth, 
habitable, opaque, and enlightened only by the rays of 
the fun. And thus this hypothecs, by claffing them in 
the fame fpecies of things, with an objecl that is of all 
others the moil familiar to us, took off that wonder and 
uncertainty which the ftrangenefs and Angularity of 
their appearance had excited ; and thus far, too, better 
anfwered the great end of philofophy, 

u Neither did the beauty and fimplicity of this fyftem 
alone recommend it to the imagination ; the novelty 
and unexpeclednefs of that view of nature which it 
Opened to the fancy, excited more wonder and furprife 
than the ftrangeft of thofe appearances, which it had 
been invented to render natural and familiar, and thefe 
fentiments dill more endeared it. For though it is the 
end of philofophy to allay that wonder which either the 
unufual or feemingly disjointed appearances of Nature 
excite, yet (he never triumphs fo mueh as when, in or¬ 
der to conned together a few, in themfelves perhaps 
inconffderable objeds, fhe has, if I may fay fo, created 
another conftitution of things, more natural indeed, and 
fuch as the imagination can more eafily attend to, but 
rfiore new, more contrary to common opinion and ex¬ 
pectation, than any of thofe appearances themfelves. As 
in the inftance‘before us, in order to conned together 
fome feeming irregularities in the motions of the pla¬ 
nets, the moft inconfiderable objeds in the heavens, and 
of which the greater part of mankind have no occafion 
to take any notice during the whole courfe of their lives, 
ffie has, to talk in the hyperbolical language of Tycho 

Brahe, moved the earth from its foundations, ftopt the 
revolution of- the firmament, made the fun Hand ft ill, 
and fubverted the whole order of the univerfe. 

“ Such were the advantages of this new hypothefis, 
as they appeared to its author when he firft invented it. 
But though that love of paradox, fo natural to the 
learned, and that pleafure whieh they are fo apt to take 
in exciting, by the novelty of their fuppofed difcoveries, 
the amazement of mankind, may, notwithftanding what 
one of his difciples tells us to the contrary, have had its 
weight in prompting Copernicus to adopt this fyftem ; 
yet when lie had completed his Treatife of Revolutions, 
and began coolly to confider what a ftrange dodrine he 
was about to offer to the world, he fo much dreaded 

the prejudice of mankind againft it, that, by a fpecies 
of continence of all others the moft difficult to a philo- 
fopher, lie detained it in his clofet for thirty years to¬ 
gether. At laft, in the extremity of old age, he allow¬ 
ed it to be extorted from him, but died as foon as it 
was printed, and before it was publifiled.,, 

This noble theory, however, being repugnant to the 
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prejudices of habit and education, was at firft coldly re¬ 
ceived, or utterly rejeded, by every clafs of men. The 

aftronomers alone favoured it with their notice, though 

rather as a convenient hypothefis than an important 
truth. By the vulgar it was confidered as a chimera, 
belied by the cleareft evidence of our fenfes; while the 
learned beheld it with dffdain, becaufe it militated 
againft the fanciful diftindions and the vague erroneous 
tenets of the Peripatetic philofophy, which no one had 
ventured to call in queilion ; and it is amuling to ob- 

ferve with what dexterity the Copernicans, ft'll ufing 
the fame weapons, endeavoured to parry the blows of 
their antagonifts. Its real merits and bkmifhes appear 
to have been overlooked by both parties*, Brahe 
framed a fort of intermediate fyftem ; but this Dauifii 
aftronomer was more remarkable for his patience and 
Ikill in obferving the heavens, than for his talents of 
pliilofophical inveftigation. Towards the commence¬ 
ment of the 16th century, a new order of things emer¬ 
ged. The fyftem of Copernicus became generally known 

and daily made converts. Its reception alarmed the 
ever-watchful authority of the church, roufal her jea- 
loufy, and at length provoked her vindictive artillery. 
The ultima ratio theologorum was pointed at the head of 
the illuftrious Galileo, whofe elegant genius difcovered 
the laws of motion, extended the fcience of mechanics, 
and added luftre and folidity to the true fyftem of the 
univerfe. From the ftorms of perfecution Copernicus 
himfelf had been exempted only by a timely death. 

COPPER, one of the metals ; for the properties of 
which, fee Chemistry-/W<?* in this Supplement.— 
The Chinefe have a metal which they callpe-tung, but 
which Sir George Staunton denominates 

White Copper. This metal has a beautiful filver- 
like appearance, and a very clofe grain. It takes a fine 
poliffi, and many articles of neat workmanfiiip, in imi¬ 
tation of filver, are made of it. An accurate analyfis has 
determined it to confift of copper, zinc, a little filver ; 
and in fome fpecimens a few particles of iron and of 
nickel have been found. From this account it would 
appear that white copper is not an artificial mixture of 
metals, but is found native in the mine. Yet in the 
very fame page and paragraph, Sir George proceeds to 
fay that Dr Gallan was informed at Canton, that the 
artifts, in making their pe-tung, reduce the copper in¬ 
to as thin fheets or laminae as poffible, which they make 
red-hot, and increafe the fire to fuch a pitch as to foften 
in fome degree the laminae, and to render them ready 
almoft to flow. In this ftate they are fufpended over 
the vapour of their pureft tu-te-nag or zinc, placed in 
a fubliming veffel over a brific fire. The vapour thus 

penetrates the heated laminae of the copper, fo as to re¬ 
main fixed with it, and not to be eafily diffipated or 
caicined by the fucceeding fufion it has to undergo. 
The whole is fuffered to cool gradually, and is then 
found to be of a brighter colour, and of a clofer gram, 

than when prepared in the European way. Surely this 
is not the white copper, which confifts of copper, zinc, 
filver, iron, and nickel. 

CORK is the exterior bark of a tree which has been 
defcribed in the Encyclopaedia. When the tree is about 

J5 years old it is fit to be barked, and this can be done 
fucceffively for eight years. The bark always grows 

up again, and its quality improves as the age of the 

tiee increafes. It is commonly finged a little over a 
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Cornua, ftvong five or glowing coals, or laid to fork a certain 

t—J t;me jn Water ; after which it is placed under ftones in 

order to be preffed’ftraight. We were wont to pro¬ 
cure the greater part of our cork from the Dutch, who 

brought it principally from France ; but they imported 

fome alfo from Portugal and Spain. . 
This tree, as well as the ufes to which its bark is 

put, was known to the Greeks and the Romans ; by 
the former of whom it was called pixvr, and by the lat¬ 
ter fuber. By the Romans, as we learn from Pliny, 

it was even employed to flop veffels of every kfnd ; but 

its application to this ufe feems not to have been very 
common till the invention of glafs bottles, of which 
Profeffor Beckmann finds no mention before the 15th 

In later times, fome other vegetable produ&ions have 

been found which can be employed inftead of cork for 
the laft mentioned purpofe. Among thefe is the wood 
of a tree common in South America, particularly in 

moilt places, which is called there monitin or monbain, 
and by botanifts Jpondias lutea. This wood is brought 
to England in great abundance for that ufe. The 
fpongy root of a North American tree, known by 
the name of ny/c, is alfo ufed for the fame end, as are 
the roots of liquorice, which, on that account, is much 
cultivated in Sclavonia, and exported to other countries. 

CORNUA Ammonis, in natural hiftory, are foflil 

/hells, of which a pretty full account is given in the 
Encyclopxdia. vSee Cornu Ammonis and Snake- 

Stones. It was obferved in the laft of thefe articles, 
that few, if any, of thefe (hells are known in their re¬ 
cent ftate, or as occupied by the living animal; but 
fome authors have afferted, on the authority of Lin¬ 
naeus, that ammonites, with (hells fimilar to all the va¬ 

rieties of the foflil ones, are yet found alive in the depth 
of the fta. We are much inclined to embrace this opi¬ 

nion ; but it has been controverted by M. de Lamanon, 
who accompanied La Peroufe on his voyage of difco- 

»ery» by fuch arguments as we know not how to an- 
fwer. This unfortunate naturaiift (fee Lamanon in 
this Supplement) allows that there are dill in the fea 

living cornua ammonis; but he thinks that they are m 
very fmall numbers, and materially different from the 

greater part of the foflil ones. According to him, thefe 
daft ought to be confidered as a race, formerly the mod 
numerous of all, of which, either there are no defend¬ 

ants, or tfiofe defcendants are reduced to a few dege¬ 
nerate individuals. That there are no living animals 

vyith (hells of the very fame kind with fome of the toliil 
cornua ammonis, the following obfervatioiis he confiders 

as a fufficient proof. 
“ The foflil fliells are very light and thin, whereas 

the (hells of thofe animals that live in very deep water 
are always thick and ponderous ; befldes, the form of 
the foflil cornua ammonis points out to us, in fome mea- 
fure, the organization of the animal which inhabited it. 
The celebrated Jufiieu proved, in 1721, that there ex¬ 

ited a very clofe analogy between the ammonite and 
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nautilus (a). It is well known that the nautilus, by Cornua, 

filling or emptying a part of its fhell, has the power of' 
remaining ftationary in any depth it pleafes : the fame 
was doubtlefs the cafe with the ammonite ; and if this 

fpecies flill abounds in the fea, it would furely be occa- 

fionally difcovered by failors. 
“ The waves alfo would throw fragments of it on 

the fhore ; fifliermen might fometimes entangle it in 
their nets ; or, at leaft, there would be fragments flick¬ 
ing to the lead of the founding line when afcertaining 
great depths. It may alfo be added, that if the am¬ 
monites never quitted the abyfs of the fea, thofe which 
are found petrified would not be conftantly met with on 
the fame level, and in the fame bed, as thofe (hell-fifti 
that only inhabit the (hallows. There are, however, 
found in Normandy, Provence, Touraine, and a multi¬ 
tude of other places, ammonites mixed with turbines, 
buccina (whelks), and other littoral fliells. They are 
found, befides, at every degree of elevation from below 

the level of the fea to the fummits of the higheft moun¬ 
tains. Analogy alfo leads us to fuppofe, that Nature, 
who has given eyes to the nautilus, has not refufed them 
to the ammonite : now what ufe could thefe be of if 
they remained confined to thofe depths which the light 

is unable to penetrate ? . 
“ The extin&ion of the ancient race of ammonites is 

therefore an eftablifhed faft, which no rational fuppo- 
fition can deftroy ; and this fa& is undoubtedly the moft 
furprifing of any that is prefented to us in the hiftory 
of aquatic animals. The difcovery of a few living fpe¬ 

cies of cornua ammonis does not deftroy the truth of 
this, for thefe ammonites are very different from thofe 
which are found petrified. They are extremely rare, 
and cannot be looked up to as the representatives of 
the old ammonites, fo varied in their fpecies, and the 

number of which in the ancient ocean was probably 
far more confiderable than that of all the other (hells 

befides.,> 
To every univolve (hell, rolled in a fpiral, fo as that 

a horizontal plane will divide it into two equal parts, 
formed of united fpirals, and bearing a certain propor¬ 
tion to each other, our author gives the name of an am- 
monite. “ I thought it abfolutely neceffary (fays he) to 
afcertaiu the precife meaning of the term ammonite, pre¬ 

vious to defcribing that which I found during our voy¬ 
age round the world. The form of this is almoft or¬ 
bicular, the long diameter being to the (hort^ one as 

three lines to two lines and three quarters. The firlt 
fpire is by far the largeft, occupying nearly half of the 
longitudinal diameter. The fummit is placed at the 
diftance of about two-thirds of this diameter ; it M ter¬ 
minated on the right fide by a very fmall knob vifible 
only through a magnifier, thus differing from the am¬ 
monite of Rimini, which befides is microfcopical and 
celled, the infide of this which we are now fpeaking ot 
being entirely plain. The number of fpiral circumvo¬ 
lutions is four and a half; they are equally convex on 
both fides, and are fixed on a plane, dividing the (hell 

into 

(a) There are, however, fome ftriking internal differences: firft, the partitions in the (hell of t^^^^ 

are more curved than thofe of the ammonite : fecondly, the ammonite wants e ma 0 ' 

Isom one cell,to the other. 
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Cornua, into two equal parts: there is on each fide 

l—-"V- bofs formed by the increafe of the perpendicular dia¬ 
meter of the fpires, in proportion as they recede from 

the centre. The furface is frriooth ; the back is armed 
with a flat, even, brittle creft, as thin as paper, fur- 
rounding it on every fide like a ruff: it is about half a 
line broad, extends over the fummit of the fpires, and 
ferves to join them together. The mouth of the ftiell 
is nearly triangular ; its edges projed in the form of 
lips, and are rounded at the border. I have often found 
this ammonite enclofed in the ftomach of the bonetta 
(fcomber pelamis, Linn.), caught in the South Sea, 

between the tropics, where no bottom was found with 
a line of more than two hundred fathoms. Thefe 
jfhells were covered with a black clayey mud. Their 
fize varies from one to four lines acrofs ; they are con- 
fequently the largeft living ammonites that have yet been 

difcovered.” 
It is well knewn for what purpofe the modern phi- 

lofophers of Trance have been fo indefatigable in the 
ftudy of natural hiftory ; and there can be little doubt 
but that it is to ferve the fame purpofe that Lamanon 
thus reafons for the deftrudion of the ancient race of 
ammonites in fome univerfal convulfion of the world. 
But fuppofing his arguments conclufive, they affed not 
the truth of the Jewifh and Chriflian fcriptures. It is 

nowhere faid in the Bible, that the matter of this globe 
was brought into being at the moment when Mofes re- 
prefents the Creator as beginning to reduce the chaos 
into order; and it is more than infinuated that there 
will be a new earth after the prefent fyftem of things 

*. fliall be diflolved. That new earth will certainly be 
flored with fome kind of inhabitants ; and could it be 
demonftrated that there was an old earth, previous to 
the era of the Mofaic cofmogany, inhabited by creatures 
rational and irrational, and that the foflil cornua ammonis 
make part of the wreck of that fyftem, the caufe of re¬ 
velation would remain uninjured. “ Mofes, as a real 
philofopher * has well obferved, writes the hiftory, not 
of this fflobe through all its revolutions, but of the race 
of Adam.” 

This fecret attack, therefore, made by Lamanon 
againft that religion of which he once pro-feffed to dif- 
charge the duties of a prieft, is nothing more than te- 
lum imlelle fine iftu. Vet it may be worth fome natu- 
ralift’s while to enquire, whether, though feeble, it has 
been fairly made. We confefs tli^t our own fufpicions 
of unfair dealing are ltrong ; for when a man of fcience 
contradids himfelf in the courfe of two pages, the blun¬ 
der muft be attributed to fome other fource than mere 
inadvertency. M. de Lamanon wiflies to prove, among 
other things, that the ancient ammonites did not inha¬ 
bit great depths of the fea; and that Linnseus was mif- 
taken when he fuppofed that in great depths they may 
jftili be found. Yet he himfelf tells us, that he frequent¬ 
ly caught ammonites in the South Sea, where no bot¬ 
tom was to be found with a line of more than 200 fa¬ 
thoms; and to put it beyond a doubt that the animals 
had been at that bottom, he informs us, that their fhells 
were covered with a black clayey mud. It is true thefe 

ammonites were but fmall ; while of 300 varieties of 
foflil ammonites which he mentions, fome, he fays, have 
been found ten feet in circumference. But is it certain; 

that thefe large ftiells were real cornua ammonis P If 

they agree not exadly with our author’s defcription of 

* f rofeJfor 
Mobrfoti of 
Edinburgh. 
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a kind of the fhell of the ammonite (a fad into which we have Corredion* 

had no opportunity of inquiring), his arguments for" v 

the extindion of the ancient race are grofs fophifms, 
unworthy of a man either of fcienqe or of candour 

CORRECTION>house is a prifon where idle va¬ 
grants are compelled to work, and where perfons guilty 
of certain crimes fuffer punifliment and make reparation 

to the public. Of the former kind of corredion-houfes r 
perhaps enough has been faid in the Encyclopaedia un¬ 
der the title Work‘Houfe ; but of the latter very little 

will be found in that work under the titles Bridewell, 
and Idleness. 

Perhaps houfes of corredion, as means of punifti- 
ment, are not, in this country, employed fo frequently 
as juftice and expediency feem to require. In the opi¬ 
nion of Dr Paley, whole opinions are always worthy of 
attention, it is one of the greateft defeds of the laws of 
England (and we may fay the fame thing of the laws 
of Scotland), that “ they are not provided with any 
other punifhment than that of death, fufificiently terrible 
to keep offenders in awe. Tranfportation, which is the 
punifhment fecond in the order of feverity, anfwers the 
purpofe of example very imperfedly ; not only becaufe 
exile is in reality a flight punifliment to thofe who have 
neither property, nor friends, nor regular means of fub- 
fiftence at home, but becaufe the punifhment, whatever 
it be, is unobfervcd and nnknowm. A tranfported con- 
vid may fuffer under his fentence, but his fufferings arc 
removed from the view of his countrymen ; his mifery 
is unfeen; his condition ftrikes no terror into the minds 
of thofe for whofe warning and admonition it was in¬ 
tended. This chafm in the fcale of punifliment pro¬ 

duces alfo two farther imperfedionS in the admmigra¬ 
tion of penal juftice; of which the firft is, that the 
fame punifhment is extended to crimes of very different 
charaders and malignancy ; and the fecond, that pu~ 
nifhments, feparated by a great interval, are afligned to 
crimes hardly diftingUifliable in their guilt and mif- 
chief.” • 

Perhaps this chafm might be properly filled up by 
houfes of corredion under judicious management, which 
might likewife promote another important purpofe, bet¬ 
ter than the puniftiments in common ufe. 

The end of punifliment is twofold, amendment and ex¬ 
ample. In the firft of thefe, the reformation of crimi¬ 
nals, little has ever been effeded, and little indeed feems 
pradicable by the puniftiments known to the laws of 
Britain. From every fpecies of punifliment inflided 
among us, from imprifonment and exile, from pain and 
infamy, malefadors return more hardened in their 
crimes, and more inftruded. The cafe we think would 
often be different when they returned to the world from 
a well-regulated houfe of corredion. As experience is 
the only fafe guide in matters of legiflation and police, 
we fliall lay before our readers M. 'Thoum's account of 
the houfe of corredion at Amllerdam, which feems to 
corroborate our opinion. 

The Amfterdam corredion houfe, from the employ¬ 

ment of the prifoners confined in it, is called the raffing*, 
houfe, and iVdeftined to the reception of thofe malefac¬ 
tors whofe crimes do not amount to a capital offence. 
Their punifhment caniiQt fo properly be denominated, 

folitary confinement as a fequeftration from fociety du¬ 
ring a limited term of years. The building is iituated 

in a part of the fuburbs to the aorth-eaft of the city. 

The. 
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'Corfe&ion. The exterior has nothing remarkable, either with re- 

' fpe£t to form or extent. It is detached from the ftreet 

by a fpacious court, which contains the keeper’s lodge, 
together with apartments for the different fervants be¬ 
longing to the eftablifhment. Over the gate, which 
opens from this court dnto the prifon, are placed two 
ftatues, as large as life, reprefenting two men in the a& 

of fawing a piece of logwood. 
The inner court is in the form of a fquare, round 

which are arranged the apartments of the prifoners, to¬ 
gether with the neceffary warehoufes. One part of the 

ground ftory is divided into different chambers ; the 
other ferves as a depot for the logwood, and the imple¬ 
ments employed in its preparation. 

The keeper, whofe countenance, contrary to the ge¬ 
neral cuftom of perfons of hi*6 profeflion, was flrongly 

indicative of urbanity and gentlenefs, introduced M. 
Thouin into an apartment where two prifoners were at 
work in fawing a large log of Campeachy wood. The 
faw is compofed of four blades joined together, witfq 
very ftrong, large, and {harp teeth, which make a fcif- 
fure in the wood of nearly two inches in breadth* The 
operation is repeated, till the pieces become too fmall 
to undergo the faw, when they are ground in mills pe¬ 

culiarly conftrudled for this purpofe. 
This employment requires an extraordinary exertion 

of ftrength, and is at firft a fevere penance even to ro- 

bult perfons ; but habit, addrefs, and pradlice, foon ren¬ 
der it eafy ; and the prifoners in a fhort time become 
competent to furnifh, without painful exertion, their 
weekly contingent of 200 lb. weight of fawed pieces. 
After completing this tafk, they even find time to fa¬ 
bricate a variety of little articles in wood and flravv, 
which they fell to thofe who vifit the prifon, or difpofe 

of, by means of agents, in the1 town. 
M. Tliuuin next infpe&ed three apartments of dif¬ 

ferent dimenfions, which opened into the inner court. 
The one was inhabited by four, the fecond by fix, and 

the third by ten prifoners. The furniture of the rooms 
confifted in hammocks, with a matrafs, a blanket, and a 
coverlid to each, tables, chairs, and {tools, glafs, &c. 
earthen veffels, and various other articles of convenience. 
Every thing in thefe apartments was diftinguifhed by 
neatnefs and propriety ; and notwithftanding the num¬ 

ber of inhabitants allotted to each, was fully adequate 
to the dimenfions of the rooms ; the fenfes were not of¬ 
fended with any difagreeable feent, and the air was in 

every refpedt as pure and wholefome as the furrounding 

atmofphere. 
In an obfeure part of the building are a number of 

cells, in which formerly thofe prifoners who revolted 
againft the proper fubordination of the place, or ill- 
treated their comrades, were confined for a few days. 

But the keeper affined M. Thouin that thefe cells had 
not been made ufe of for upwards of 10 years. They 
are dark gloomy dungeons, with only a fmall aperture 
for the admillion of light and air. The fupprelfion of 

this barbarous and coercive punifhment does honour to 
the humanity of government. 

The (lore rooms are filled with various kinds of wood 
for the purpofes of dyeing ; as the haemotoxylum cam- 
pechianum, the morus tin&oria, the caefalpinia fappan, 
&c. They are all exotics, with the exception of the 
Evonymus Europaeus. The warehoufes were not of 
Sufficient extent to contain the quantity of wood, 

which was depofited in piles in different parts of the Corre&'oR* 
court. v— 

The prifoners, amounting to 76 in number, were 
uniformly habited in coarfe woollens ; wear very good 
{lockings, large leather fhoee, white fhirts, and caps or 
hats. They are, by the rules of the houfe, obliged to 
frequent ablutions, which greatly contribute to the pre¬ 
servation of their health. There was only one fick per- 

fon among!! them ; and, what is not a little remark¬ 
able, almoft all the prifoners had formerly lived in large 
commercial towns ; very few villagers were amongft 
them. They had all been fentenced to imprifonment 
for theft ; but it depends upon themfelves, by reforma¬ 
tion and good behaviour, to fhorten the term of their 
confinement, which many of them frequently do. 

The keeper, whofe humanity to the unfortunate per¬ 
fons committed to his care entitles him rather to the 
title of their protedtor than their gaoler (and M. Thou¬ 
in informs us, that the prifoners generally called him by 
no other name than father), affifts them with his coun- 
fels and friendly admonitions. He regifters every week, 
in a book appropriated to this purpofe, both the in- 
ftances of good and bad behaviour, which is annually 
fubmitted to the examination of the magiflracy, who, 
from this report, abridge or prolong the term of con¬ 
finement, according to the degree of indulgence which 
each prifoner appears to merit. Cafes frequently happen 
where a malefadior, condemned to an imprifonment of 
eight years, by his good behaviour procures his enlarge¬ 
ment at the expiration of four ; and fo in proportion for 
a fhorter term. But great attention is paid to diferimi- 

nate between a&ual reform and hypocritical artifice. 
The reward of good behaviour is not, however, con¬ 

fined to, or withheld till, the period of adhial liberation. 
Their reftoration to fociety is preceded by a progref- 
five amelioration of their lot. Their work is gradually 

rendered lefs laborious, they are accommodated with fe- 
parate apartments, and employed in the fervices of do- 
meftic*economy. The keeper even entrufts them with 
commiffions beyond the precindts of the prifon ; and 
fearce a (ingle inftance has occurred of their abufing 
this indulgence. By this prudent management, a con- 
fiderable Saving is effedted in the expence of the efta¬ 
blifhment, at the fame time that it tends to wear away 
prejudice, and to initiate the prifoners by gradual ad¬ 
vances into the reciprocal duties of focial life. 

M. Thouin made particular inquiries whether it was 

cuftomary for perfons after their difeharge to be con¬ 
fined a fecond and third time, as is but too often the 
cafe in many countries, for a repetition of their offence. 

He was informed, that fudn inftances very rarely occur ; 
but the cafe is not without precedent, as he obferved in 
the perfon of a young Jew, who was then in the rafp- 

ing-houfe for the third time. The cafe of this man is 
fomevvhat extraordinary. During the period of his de¬ 
tention, he always conforms, with the moft fcrupulous 

observance, to the rules of the place, and gives general 
fatisfadtion by his exemplary condudt. But fuch, as 
be liimfelf avowed to our traveller, is bis conftitutional 
propenfity to thieving, that no fooner is the term of his 
imprifonment elapfed, than he returns with redoubled 
ardour to his lawlefs courfes. It is not fo much for the 
fake of plunder, as to gratify his irrefiftible impulfe, 
that he follows this vicious life ; and M. Thouin adds, 
that he recounted his different exploits with as much 

exultation 
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Correihon.exultation and triumph as a veteran difplays when re- We will not take it 

hearling his warlike atchievements. 

Another falutary regulation in this inilitution, from 

which the bed confequences refult, is the indulgence 
granted to the prifoners of receiving the vifits of their 
wives and miflrefles twice every week. Proper care, 
however, is taken to guard againft the introdu&ion of 
difeafe ; and the ladies, in one fenfe, purchafe their ad- 
miflion by giving a trifling .fum of money at the gate, 

which becomes the perquifite of the aged prifoners, 
whofe wants are of a different nature from their youth- 

ful comrades. Thus the pleafures of one clafs contri¬ 
bute to the comforts of the other; and the entrance 
money, trifling as it is, keeps away a croud of idle va¬ 

gabonds, who have no acquaintance with the prifoners. 
The ladies at their vifits are permitted to eat and drink 
with their lovers ; and when the converfation becomes 
too animated for a third perfon to be prefent, the reft 
of the company obligingly take the hint, and leave them 
to enjoy a tete-a-tete.—By this prudent regulation, many 

hurtful confequences attendant on a total feclufion from 
female fociety are guarded againft. 

M. Thouin concludes his account with obferving, 
that the rafping-houfe at Amfterdam bears a greater re- 
femblance to a well-ordered manufa&ory than to a pri- 

fon. It were to be wifhed that all fimilar inftitutions 
were conducted upon a fimilar plan (a). 

So fays our author: But though we have admitted 
experience to be the only fafe guide in regulating infti¬ 
tutions of this kind, we cannot help thinking that the 
plan is fufceptible of improvement. We do not fee the 
propriety of locking up four, fix, or ten thieves in the 
fame apartment. The uncommon attention to cleanli- 
nefs, which diftinguifhes all ranks among the Dutch, 
may indeed prevent the room from having an offenfive 
feent ; but what can prevent fuch a number of unprin¬ 
cipled perfons from corrupting each other in Holland, 
as we know that they do in Great Britain ? The in¬ 
troduction of females of loofe character to felons fuffer- 
ing punilhment for their offences in a prifon, is a prac¬ 
tice which we truft will be approved only by philofo- 

pbers of the French fchool. The Britifh philofopher, 
whom we have already quoted with approbation, is of 
opinion, and we heartily agree with him, that “ 0f re_ 

forming puniftiments, none promifes fo much fuccefs as 
that of folitary imprifonment, or the confinement of 
criminals in feparate apartments. This improvement 
of the Amfterdam houfe of corredion would augment 

the terror of the punilhment, would feclude thecrimi. 
nal from the fociety of his fellow-prifoners, in which fo- 
ciety the worfe are fure to corrupt the better ; would 
wean linn from the knowledge of his companions, and 
rrom the love of that turbulent pernicious life in which 
Ins vices had engaged him ; would raife up in him re- 
fledions on the folly of his choice, and difpofe liis mind 
to luch bitter and continued penitence, as might pro- 
duce a lading alteration in the principles of his con- 
duCh” 

• ^ome ^ou^es correction, the prifoners are fub- 
je&ed to the difcipline of flagellation at ftated intervals. 

C R A 
upon us to fay that this punifli- Courtefey 

ment is never proper ; but we are fully convinced that 

it is not often fo ; and that flagellation, if it can at all Crane. 
7 -- * ”ft-a. C1U1 «». till 

produce any good effeCt, mull be adminillered in pri¬ 
vate. It is obferved by Fielding, who well underllood 
human nature, that falling is the proper punilhment of 
profligacy, not any punilhment that, like flagellation, 

is attended with fhame. Punilhment (fays he) that de¬ 
prives a man of all fenfe of honour, never will contri¬ 

bute to make him virtuous ; and we believe it is gene¬ 
rally admitted by the gentlemen of the army, that a 

foldier who has fufFered the punilhment of whipping fel- 
dom proves good for any thing. 

COURTESEY of Scotland. See Law (Encycl.), 
Part III. fed. ix. $ 28. 

COWRY-Shells, the loweft money in fome parts 
of the EalE See Money (Encycl.), where they are 
called karts. 

CRANE, in mechanics, a machine ufed for raifing 
or lowering great weights. For the principles on which 
thefe machines a&, fee Dynamics in this Supplement, 
and likewife Mechanics, Encycl. where deferiptions 
are given of feveral very powerful cranes. 

The crane in common ufe is employed with fome 
danger to thofe who work it ; and therefore a machine 
of this kind, a fling upon a Ample and certain principle, 
by which the men walking in the wheel can lower goods 

with fafety as well as expedition, has long been consi¬ 
dered as a great defideratum in mechanics. Repeated 

premiums have been offered by the Society for the Encou¬ 
ragement of Arts to induce ingenious men to attempt 
the invention of fucli a machine; and various have been 

the contrivances for accomplifhing fo defirable a pur- 

P°r<;- A clergyman, who fubferibes E. C. we fuppofe 
as the initials ot his name, propofes, through the medi¬ 

um of the Repertory of Arts, to accomplilh it merely by 
introducing the adti'011 of a worm or ferew into the crane. 

Whenever a worm of two threads is introduced into 
a machine, all retrograde motion is flopped, unlefs that 
worm receive its readion from the firft moving force ; 
for, powerfully as a worm ads upon a wheel, a wheel 

has no power upon a worm, whatever force may be ap¬ 
plied to it. Suppofe, then, the firft motion in a crane 
were given by a worm upon the axis of the wheel in 
which the man walks, the man would have perfed com¬ 
mand of the machine, to raife or lower the goods at 
pica lure, with the remoteft poffibility of being over¬ 
powered by the defending weight. 

, .“ Were I to conllrud (fays the author) a crane upon 
this principle, 1 would have the axis of the wheel in 
which the man walks, and the axis of the worm, in fe- 
parate parts, and occafionally united by a coupling-box 

When goods were to be raifed, the two axes rtiould be 
conneded; when lowered, they might be difunited,. 
and the worm turned by a winch, which would be done 

much more expeditioufly that way than by the wheel 
for the reafons before fuggefted, the defeent of the 

weight could be accelerated or flopped at pleafure, at 
the dilcretion of the perfon turning the winch 

“ This contrivance might be not inconveniently ap- 

plied 

h,i ssht b”",p *»•*. um u h„, 
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'-Crtnc. -plied to a crane aheady eredted upon the common prin- 

,”~v——' ciple : Let there be a wheel put upon any convenient 

axis in the machine as it now ftands ; upon this let 
there lie a worm, that can he thrown in or out of gear 
at pleafure ; and let the lever by which it is done lie 
within reach of the man’s hand in the wheel. The 
goods being fattened to the crane, and raifed off the floor 

of the warehoufe ready for letting down, the man puts 
the worm into gear, leaves the wheel, and lets the 
goods down by the winch. Provided it can be conve¬ 
niently done, it would be advifable to throw the wheel 
in which the man walks out of gear when the winch is 

•made ufe of; this, however, I fhould apprehend, would 

not be a matter of abfolute necefllty.” 
Our author is aware of two objections which may be 

urged againtt the introduction of a worm into a crane 
in the manner which he propofes. The firft arifes from 
the flownefs of the motion produced by the turning of 
a ferew, which he coniiders as unworthy of regard; be- 
caufe the neceffary fpeed is to be gained by the firft pair 
of wheels and the diameter of the barrel of the windlafs. 

To the feoond, arifing from the fuppofed greater 

friCtion between a worm and wheel, he replies, that as 
the friCtion between the teeth of two wheels (if not 
formed on the true epicycloidal principle) mutt, while 
it lafts, be greater than between a worm and wheel for 
the fame fpace of time, it feems no unreafonable fuppo- 
fition that the aggregate of friCtion will, in the two 
cafes, nearly balance each other ; eipecially if it be 
taken into the account, that to obtain the poiJver of 

one worm and wheel, there will be, in moll cafes, re¬ 
quired two pair of wheels, and two additional axes—all 
which will add to the friCtion. But, granting the ba- 
lance of friCtion to be againtt the aCtion of the worm, 
the power to overcome it is greater in proportion than 

to overcome the friCtion of two wheels. 
Mr James Whyte of Chevening, in the county of 

Kent, whofe improvement in the conftruCtion of pullies 

has, with due refpeCt, been noticed elfewhere *, gives, 

* Sce Mef in the TranfaZions of the Society for the Encouragement of 

v7*Encycl. Arts, 8cc. the following defeription of a new crane for 

wharfs: 

FI XX A (fi£* I*)» a circular Jnclined Plane’ moving on a 
U 6 * pivot underneath it, and carrying round with it the 

axis E. A perfon walking on this plane, and prefling 

againtt the lever B, throws off the gripe D, by means 
of an iron rod C ; and thus admits the plane and its 

axis to move freely, and raife the weight G by the coil¬ 

ing of the rope F round the axis E. 
To fhew more clearly the conftruCtion and aCtion of 

the lever and gripe, a plan of the circular inclined plane, 

with the lever and gripe, is added (fee fig. 2.), where 
B reprefents the lever, D the fpiing or.gripe. In this 
plan, when the lever B is in the fituation in which it 
now appears, the fpring or gripe D preffes againtt the 
periphery of the plane, as fhewn by the double line, 
and the machine cannot move ; but when the lever B 
is preffed out to the dotted line H, the gripe is alfo 
thrown off to the dotted line I, and the whole machine 
left at liberty to move. One end of a rope or cord, of 
a.proper length, is fixed near the end of the lever B, 
and the other end made faft to one of the uprights, 
ferving to prevent the lever moving too far when preffed 

fey the man. 
The properties of this crane, for which the premium 

of 40 guineas was adjudged by the fociety to the in- Crane, 
ventor, are as follows : t ^r°K 

J. It is fimple, confiding merely of a wheel and axle. 

2. It has comparatively little friCtion, as is obvious from 
the bare infpedion of the figure. 3. It is durable, as 
is evident from the two properties above mentioned. 
4. It is fafe ; for it cannot move but during the plea¬ 
fure of the man, and while he is actually prefling on 
the gripe-lever. 5. This crane admits of an almoft in¬ 
finite variety of different powers ; and this variation is? 
obtained without the leaft alteration of any part of the 

machine. If, in unloading a veffel, there fhould be 
found goods of every weight, from a few hundreds to a 
ton and upwards, the man that does the work will be 
able fo to adapt his ftrength to each as to raife it in a 
fpace of time proportionate to its weight ; he walking 
always with the fame velocity as nature and his greatelt 
eafe may teach him. 

It is a great difadvantage in fome cranes, that they 
take as long time to raife the fmalleft as the largefl 
weight, unlefs the man who works them turn or walk 
with fuch velocity as mutt foon tire him. In other 
cranes, perhaps, two or three different powers may be 
procured ; to obtain which, fome pinion mutt be Ihift- 
ed, or frefh handle applied or reforted to. In this 
crane, on the contrary, if the labourer find his load fo 
heavy as to permit him to afeend the wheel without its 
turning, let him only move a flep or two toward the 
circumference, and he will be fully equal to the talk. 
Again, if the load be fo light as fcarcely to refill the ac¬ 
tion of his feet, and thus to oblige him to run through 
fo much fpace as to tire him beyond necefllty, let him 
move laterally towards the centre, and he will foon feel 
the place where his ftrength will fuffer the leall fatigue 
by raifing the load in quellion. One man’s weight ap¬ 
plied to the extremity of the wheel would raife up¬ 
wards of a ton; and it need not be added, that a fingle- 
Iheaved block would double that power. Suffice it to 
fay, that the fize may be varied in any required ratio > 

and that this wheel will give as great advantage at any 
point of its plane as a common walking-wheel of equal 
diameter, as the inclination can be varied at pleafure, 
as far as expediency may require. It may be neceffary 
to obferve, that what in the figure is the frame, and 
feems to form a part of the crane, mull be confidered 
as a part of the houfe in which it is placed ; fince it 
would be moftly unneceffary fhould fuch cranes be eredl- 

ed in lioufes already built. With refpeft to the hori¬ 
zontal part, by walking on which the man who attends 
the gib occafionally affifts in raifing the load, it is not 
an effential part of this invention, where the crane is 

not immediately contiguous to the gib, although, where 
it is, ’it would be certainly very convenient and econo¬ 

mical. 
Crane is alfo a popular name for a fyphon, employ¬ 

ed in drawing off liquors. 
CKOSS, in furveying, is an inftrument confiding of 

a brafs circle, divided into four equal parts by two lines 
crolfing each other in the centre. At each extremity 
of thefe lines is fixed a, perpendicular fight, with final! 
holes below each flit, for the better difeovering of dif- 
tant objects. The crofs is mounted on a ftaff or Hand, 
to fix.it in the* ground, and is very ufeful for meafu- 

ring fmall pieces of land, and taking offsets, &c. 
Gross faff, or FvreflaJ] is a mathematical inftrument 







Vi o\8. 

rnKMis’-ruY i* i. mk xix 

V^. 12 . 

y 

t n 

_£ 

P
S

 

-
-
-

 

/r* 

i 

y' JVjT.tt . 

I’io. D. 

y 

Fip.l8. 

□ 

Viir.'Mf. 
Ax__,B A 

Vi^/22 * * SI 

F r~ 
'i j 

7 S c 

i'* r / c/ i 1 

/(• fit c. 

t: u /* .✓ 
H ■r o 

s‘ J• A" 
jr i 2 ■£j / 

it c 

/ 
?/ 

re • a~\ 
i 

r 
j / 

• r*gq 

V 
•r 

J M 

i 

_ 

B . 
vr 

L L i 

Ftar.ZS 

Ti^/20. 

A 

4 
c 4/ 

J 

[/ t K 

yig'x- 

Vi(fJ 2. 

Vi.cr.&l. 

1 1 
ri LJ 

%5« 

0 

lVjr.33. 

a i S 





mtrcyj^r xx 

T%.1. 

J,'% 

Tig. 3. 

Tig-4. 

F-icr. 1 . 
& 

S’ca/e kn 



I 

1' 

- 

■ 

♦ 

* 

. •*# . "I* 

• • ' ^' -« ' 



C R U 
Grown, 
Cruz. 

of box or pear-tree, confifting of a fquare {faff of about 
three feet long, having each of its faces divided like a 

~ line of tangents, and having four crofs pieces of une¬ 

qual lengths to fit on the ftaff, the halves of thefe being 
as the radii to the tangent lines on the faces of the 

ftaff.—The inftrument was ufed in taking the altitudes 
of the celeftial bodies at fea. 

CROWN, in aftronomy, a name given to two con- 
ftellations, the fouthern and the northern. 

Crown, in geometry, a plane ring included between 

two parallel or concentric peripheries of unequal circles. 

CRown-PoJly is a poft in fome buildings {landing up¬ 
right in the middle between two principal rafters; and 
from which proceed ftruts or braces to the middle of 
each rafter. It is otherwife called a king-pojl, or king's* 
piece, or joggle-piece. 

La CRUZ, an excellent harbour on the north-weft 
coaft of America, difcovered by the Spaniards in 1779. 
They were introduced into it by a pafiage which they 

called Bucarelli’s Entrance, and which they placed iri 
550 18' N. Lat. and 1390 15' W. Long, from the meri¬ 
dian of Paris. There is 110 good reafon to queftion the 
exa&nefs of the latitude of this pafiage as laid down by 
the Spaniards; but the editor of Peroufe’s voyage juft- 
ly concludes, from the furvey made by our celebrated 
navigator Captain Cook on the coafts adjacent to the 
entrance of Bucarelli, that this entrance is about 1350 
20' to the weft of Paris, or very nearly 133° weft of 
Greenwich. 

The Spaniards were not long in the harbour of La 
Cruz before they received a vifit from the inhabitants 
in its neighbourhood. Bartering took place. The In¬ 
dians gave their peltry, and various trifles, for glafs 
Leads, bits of old iron, &c. By this traffic the Spa¬ 
niards were enabled to gain a fufficiently exaft know¬ 
ledge of their genius, of their offenfive and defenfive 
arms, of their manufa&ures, &c. 

Their colour is a clear olive ; many among them 
have, however, a perfe&ly white fkin : their counte¬ 
nance is well proportioned in all its parts. They are 
robuft, courageous, arrogant, and warlike. 

They clothe themfelves in one or two undreffed fkins 
(with the fur apparently) ; thefe are the (kins of otters, 
of fea-wolves, of benades (a fpecies of deer), of bears, 
or other animals, which they take in hunting. Thefe 
drefies cover them from the neck to the middle of the 
leg ; there are, however, many among them who wear 

boots of fmooth fkin, .refembhng Kngiiffi boots, only 
that thofe of the Indians open before, and are laced 
tight with a firing. They wear hats woven from the 
fine bark of trees, the form of which refembles that of 
a funnel or a cone. At the wrifts they have bracelets 
of copper or iron, or for want of thefe metals the fins 
of whales ; and round the neck, necklaces of fmall frag¬ 
ments of bones of fifiies and other animals, and even 
copper collars of the bignefs of two fingers. They 

wear in their ears pendants of mother-of-pearl, or fiat 
pieces of copper, on which is embofTed a refin of a to¬ 
paz colour, and which are accompanied with jet beads. 
Their hair is long and thick, and they make nfe of a 
comb to hold it together in a fmall queue from the 
middle to the extremity ; a narrow ribbon of coarfe ii- 
r.en, woven for this purpofe, ferves as a ligament. They 
wear alfo as a covering a kind of fcarf, woven in a par¬ 

ticular manner, fomething more than a yard and a half 
SurPL. Vol. I. Part II. 

t ^ ] C R U 
long, and about half a yard broad, round which hangs 
a fringe fomething more than half a quarter of a yard 
deep, of which the thread is regularly twifted. 

The women give proofs of their modefty and decen- 

by their drefs. Their phyfiognomy is agreeable, 

Cruz. 

their colour frefh, their cheeks vermilioned, a~nd their 

hair long; they plait it together in one long trefs. 
They wear a long robe of a fmooth fkin tied round the 
loins, like that of a nun; it covers them from the neck 

as low as the feet; the fieeves reach down to the wrifts. 

Upon this robe they put divers flcins of otters or other 
animals to defend themfelves from the inclemency of the 
weather. . Better drefied, many of them might difputc 

charms with the moft handfome Spanifh women; but 
diffatisfied with their natural charms, they have recourfe 
to art, not to embellifh, but to disfigure themfelves. 
All the married women have a large opening in the un¬ 
der lip, and this opening or orifice is-filled up by a 
piece of wood cut in an oval fhape, of which the fmall- 

eft diameter isalmoftan inch; the more a woman is ad¬ 
vanced in years, the more this curious ornament is e:;- 
tended: it renders them frightful, the old women efpe- 
cially, whofe lip, deprived of its wonted fpriiig, and 

dragged by the weight of this extraordinary jewel, ne- „ 
ceffarily hangs in a very difagreeable manner. The 
girls wear only a copper needle, which crofies the lip in 

the place where the ornament is intended hereafter to 
be placed. 

Thefe Indians in war make ufe of cuiraffes and 
fhoulder pieces of a manufadure like that of the whale¬ 
bone ftays among the Europeans. Narrow boards or 
fcanthngs form, in fome fort, the woof of the texture, 
and threads are the warp : in this manner the whole is 
very flexible, and leaves a free ufe to the arms for the 
handling of weapons. They wear round the neck * 
coarfe and large gorget which covers them as high as 
below the eyes, and their head k defended by a morion, 
or ficull-piece, ufually made of the head of fome feroci¬ 
ous animal. From the waift downwards, they wear a 
kind of apron, of the fame contexture as their cuirafs. 
Lallly, a fine flein hangs from their (boulders down to 

the knee. With this armour they are invulnerable to 
the arrows of their enemies ; but thus armed, they can¬ 
not change pofition with fo much agility as if they were 
lefs burdened. 

Their offenfive arms are arrows; bows, of which the 
firings are woven like the large cords of our beft mufi- 

cal inftruments ; lances, four yards in length, tongued 
with iron ; knives, of the fame metal, longer than £u- 
ropcan bayonets, a weapon, however, not very common 
among them ; little axes of flint, or of a green ftont\ fo 
hard that they cleave the moft compad wood without 
injury to their edge. 

The pronunciation of their language is extremeb dif¬ 
ficult ; they fpeak from the throat, with a movement of 
the tongue againft the palate. The little ufe the wo¬ 

men make of the inferior lip greatly injures the diftinc- 
tivenefs of their language. The Spaniards could neither 
pronounce nor write the words which they heard. 

From the vivacity of fpirit in thefe Indians, and from 

their attention amply to furnifh the market eftabliflied 
in the harbour, it may be concluded that they arc pret¬ 
ty laborious. They continually brought fluffs well 
woven and (haded by various colours, the fkins of land 

and fea wolves* of otters, bears* and other fmaller ani- 

3 N maio: 
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mals; of thefe feme were raw, and others drefTed. ftrait. 

' There were to be found at this market alfo coverlets ot 
coarfe cloth, (haded with white and brown colours, very 
well woven, but in fmall quantities : large ribbons ot 
the fame linen which might match with that of the 
Spani(h officers mattreffes; Ikeins of thread fuch as this 

cloth was made of; wooden plates or bowls neatly 
worked ; fmall boats, or canoes, painted in various co¬ 
lours, the figures of which represented heads with all 

their parts; frogs in wood, nicely imitated, which open¬ 
ed like tobacco boxes, and which they employed to 
keep their trinkets in : boxes made of fmall planks, of 
a cubical form, being three quarters of a yard on each 
fide, with figures well drawn, or carved on the outfide, 
reprefenting various animals; the covers fabricated like 

Flanders etwees, with rabbeted edges, formed fo as to 

(hut into the body of the box ; animals in wood, as 
well thofe of the earth as of the air ; figures of men of 
the fame material, with (kull-caps reprefenting the heads 
of various fierce animals; fnares and nets for fi flung ; 

copper collars for the neck, and bracelets of iron for 

the wrift, but which they would not part with except 
at a very high price ; beak-like inftruments, from which 
they drew founds as from a German flute. The prin¬ 
cipal officers took fuch of thefe merchandizes as were 
mod agreeable to them, and left the remainder to the 

(hips crews. . 
As the Indians difeovered that the Spaniards were 

very dainty in their fifh, they did not let them want for 
choice : the greateft abundance was in falmon, and a 
fpecies of foie or turbot three yards and a quarter long, 
broad and thick in proportion; cod and pilchards were 
alfo brought to market, and fiffies refembling trout. 

From all this it may be inferred, that this gulf is full of 

filh; the banks too are covered with (hells. 
The quantity of mother-of-pearl that thefe Indians 

cut to pieces for making ear rings awakened the curio- 
fity of the Spaniards : they tried to difeover whether 
thefe people had not in their poffeffion, or whether their 

Cullen, 
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ulQll, As thefe trees cannot ilrike very deep into the Cni* 

earth, the violence of the wind often tears them up by 
the roots: they rot and become a light mould, upon ^ 
which grows a bufhy thicket ; and in this are found 
nettles, camomile, wild celery, anife, a fpecies of cab¬ 

bage, celandine, elder, wormwood, forrel ; and without 

doubt there are other plants along the rivers. 
The Spaniards faw ducks, gulls, divers, kites, ravens, 

geefe, Itorks, gold-finches, arid other little birds un¬ 

known to them. 
The commerce between the Spaniards and the In* 

dians was quite undifturbed ; and fo defirous were the 
latter to obtain iron, cloth, and other Huffs, that they 
fold their children for broken iron hoops and other 
wares. The Spaniards in this manner bought three 
young lads, one from live to fix years old, another of 

four, and the third from nine to ten, not to make 
Haves, but Cliriftians of them ; they hoped befides to 
derive ufeful information from them as to the nature of 
the country and its inhabitants. Thefe youths weie fo 
contented in being with the Spaniards, that they hid 
themfelves when their parents came on board, from the 
apprehenfion of being again reftored to them. Two 
young girls were alfo purchafed with the fame view ; 
one very ugly, feven years of age ; the other younger, 

better made, but iickly, and aimed: at the gates of 

death. . 
At the full and change of the moon, the fea rites m 

the harbour of La Cruz feventeen feet three inches 

Englifh ; it is then high water at a quarter after 12 at 
noon : the lowed: tides are fourteen feet three inches;, 

the night tides exceed by one foot nine inches thofe of 

the day. 

a 

country did not produce pearls, or fome precious (tones: 
their refearches were fruitlefs ; they only found fome 
Hones which they judged to be metallic, and which they 
carried on board, not having the neceffary means forex- 

trafting the metal they might contain. 
Thefe Indians feed upon fifh, fre(h or dry, boiled or 

roafted ; herbs and roots which their mountains yielded 
them, and particularly that which in Spain is called tea 

parfley ; and, laftly, upon the fleffi of animals which 
they take in hunting : the productions of the chafe are 
undoubtedly abundant, feeing the number of dogs they 

keep for this purpofe. 
Thefe Indians appeared to the Spaniards to worlhip 

the fun, the earliefl and moft natural of all idolatrous 
worlhip ; and they paid a decent refpea to the remains 
of their dead. Don Maurelk, one of the Spamfh offi¬ 

cers, in an expedition round the gulf, found in two 
iflands three dead bodies laid in boxes of a fxmilar form 
to thofe which have been deferibed above, though con- 
fiderably larger, and decked in their furs. I hefe biers 
were placed in a little hut upon a platform, or raifed 

floor, made of the branches of trees. 
The country is very hilly, the mountains are lotty, 

and their flope extends almoft every where to the fea. 
The foil, limeftone ; it is neverthelefs covered with an 
impenetrable foreft of tall fir trees, very large and very 

CRYSTAL, 
CRYSTALLIZATION, 

and 

Rock-Crystal* ^ 
CUBIC Hyperbola, is a figure exprefled by the 

equation xy'zza, having two afymptotes, and confiding 

See Crystal and Cry- 
, STALLIZATION, EtlCych 

C and Che mist rY-Index 

J in this Supplement. 

of two hyperbolas, lying in the adjoining angles ot the 
afymptotes, and not in the oppofite angles, like the 
Apollonian hyperbola ,* being otherwise called by New¬ 
ton, in his Enumeratio Linearam Tertii Or dims, an hy- 
perbolifmus of a parabola ; and- is the 65th fpecies of 

thofe lines according to him. . 
Cubic Parabola,-a curve of the fecond order, having 

two infinite legs tending contrary ways. The curve of 

this parabola cannot be reftified even by means of the 

conic feftions* 
CULLEN (Dr William) was a man to whom phy- 

fical fc fence is fo deeply indebted, that it has often 
firuck us with wonder that no account of him has yet 
been given to the public, which deferves to be clafTed 
with Britiih biography. We know, indeed, that a life 

of him has been written by an eminent phyfician wed 
qualified and ftrongly inclined to do juftice to the merits 
of his revered preceptor ; but that life has been with¬ 
held from us by him who has certainly the bell right 

to confider himfelf as the guardian of the Dodor s 
fame, arid who, we have been told, is to enlarge and 

pubiiffi it himfelf. In this (late of things our read¬ 
ers mull pardon us for laying before.them a very im¬ 

perfect account of this eminent man, to whom we were 
ourfelves almofl: Grangers. There is a charader of him 

in the periodical publication called The Bee, which we 
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Cullen, (hall appropriate to our own ufe, we are perfuaded, with 

the entire approbation of its author, though fometimes 
we may exprefs our fufpicions that his praife is exagge¬ 
rated. 

Dr William Cullen was born in Lanarkfhire, in the 
weft of Scotland, 11 th December 1y1 2. His father was 
for fome time chief magiftrate of the town of Hamil¬ 
ton ; but though - a very refpedable man, his circum- 
ftances were not fuch as to permit him to lay out much 

money on the education of his fon. William therefore, 
after ferving an apprenticefhip to a furgeon apothecary 
in Glafgow, went feveral voyages to the Weft Indies 
as a furgeon in a trading veffel from London : but of 
this employment he tired, and fettled himfelf, at an ear¬ 
ly period of life, as a country furgeon in the parifti of 

Sliotts, where he ftaid a fhort time pradifing among 
the farmers and country people, and then went to Ha¬ 
milton with a view to pradife as a phylician, having 
never been fond of operating as a furgeon. 

While he refided near Shotts, it chanced that Archi¬ 
bald Duke of Argyle, who at that time bore the chief 
political fway in Scotland, made a vifit to a gentleman 
of rank in that neighbourhood. The Duke was fond 
of literary purfuits, and was then particularly engaged 
in fome chemical refearches, which required to be elu- 
cidated by experiment. Eager in thefe purfuits, his 
Grace, while on this vifit, found himfelf much at a lofs 
for the want of fome fmall chemical apparatus, which 
his landlord could not furnifh : but happily recollecting 
young Cullen in the neighbourhood, he mentioned him 
to the Duke as a perfon who could probably furnifh it. 
He was accordingly invited to dine ; was introduced to 
his Grace,—who was fo much pleafed with his know¬ 
ledge, his politenefs, and addrefs, that he formed an ac¬ 

quaintance which laid the foundation of all Dr Cullen's 
future advancement. 

The name of Cullen by this time became familiar at 
every table in that neighbourhood ; and thus he came 
to be known, by eliarader, to the Duke of Hamilton, 

who then refided, for a fhort time, in that part of the 
country : and that nobleman having been fuddenly ta¬ 
ken ill, the affidance of young Cullen was called in ; 

which proved a fortunate circumftance in fervingto pro¬ 
mote his advancement to a ftation in life more fuited to 
his talents than that in which he had hitherto moved. 

The charader of the Douglaffes, of which name the 
family of Hamilton now forms a principal branch, has 
always been fomewhat of the fame ftamp with that of 
the riling Cullen. Genius, benevolence, franknefs, and 
conviviality of difpofition, have been, with them in ge¬ 
nera^ very prominent features; and if to that be added 
a fpirit of frolic and diflipatiou, thefe will be accounted 
as only natural confequences of thofe youthful indul¬ 
gences that fpring from an excefs of wealth at an early 
period of life, and the licence allowed to people of ele¬ 

vated rank. The Duke was therefore highly delight¬ 
ed with the fprightly charader and ingenious converfa- 
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tion of his new acquaintance. Receiving inltru&ion from Cullen, 

him in a much more pleafing, and an infinitely eafier 1 

way than he had ever before obtained, the converfation 
of Cullen proved highly interefting to his Grace.—No 

wonder then that he foon found means to get his favou¬ 
rite Dodor, who was already the efteemed acquaintance 

of the man through whofe hands all preferments in 
Scotland were obliged to pafs, appointed to a place in 
the univerfity of Glafgow, where his fingular talents for 
difeharging the duties of the ftation he now occupied 
foon became very confpicuous (a). 

During his refidence in the country, however, feve* 
ral important incidents occurred, that ought not to be 
palled over in filence. It was during this time that 
was formed a connedion in bufinefs in a very humble 
line between two men, who became afterwards eminent¬ 

ly confpicuous in much more exalted ftations. William, 
afterwards Dodor, Hunter, the famous ledureron ana¬ 
tomy in London, was a native of the fame part of the 
country ; and not being in affluent circumftances more 
than Cullen, thefe two young men, ftimulated by the 

impulfe of genius to profecute their medical ftudies 
with ardour, but thwarted by the narrownefs of their 
fortune, entered into a copartnery bufineis as furgeons 
and. apothecaries in the country. The chief end of 
their contrad being to furnifh the parties with the 
means of profecuting their medical ftudies, which they 
could not feparately fo well enjoy, it was ftipulated, 
that one of them alternately Ihould be allowed to ftudy 
in what college he inclined, during the winter, while 
the other Ihould carry on the bufinefs in the country 

for their common advantage. In confequence of this 
agreement, Cullen was firft allowed to ftudy in the uni¬ 
verfity of Edinburgh for one winter; but when it came 
to Hunter’s turn next winter, he, preferring London ta 
Edinburgh, went thither. There his lingular neatnefs 
in diffeding, and uncommon dexterity in making ana¬ 
tomical preparations, his afiiduity in lludy, his milunefii 
of manner, and pliability of temper, foon recommended 
him to the notice of Dr Douglafs, who then read lec¬ 
tures upon anatomy and midwifery there ; who enga¬ 

ged Hunter as an afiiftant, and whofe chair he after¬ 
wards filled with fo much honour to himfelf and fatis- 
fadion to the public. 

Thus was dilfolved, in a premature manner, a copart¬ 
nery perhaps of as fingular a kind as is to be found in 
the annals of literature : nor was Cullen a man of that 
difpofition to let any engagement with him prove a bar 

to his partner's advancement in life. The articles were 
freely departed from by him ; and Cullen and Hunter 
ever after kept up a very cordial and friendly correfpond- 
ence ; though, it is believed, they never from that time 
had a perfonal interview. 

During the time that Cullen pradifed as a country 
furgeon and apothecary, he formed another connedion 
of a more permanent kind, which, happily for him, was 
not dilfolved till a very late period of his life. With 

_3 N 2 the 

(a) It was not, however, folely to the favour of thefe two great men that Cullen owed his literary fame. He 
was recommended to the notice of men of fcience in a way Hill more honourable to himfelf The difeafe of the 
Duke of Hamilton having refilled the effed of the firft applications, Dr Clarke was fent for from Edinburgh . 
and he was fo much pleafed with every thing that Cullen had done, that he became his euWift upon everv od 

CfrUv kCU ien nev.er fc!r?ot t^ls 5 and when Clarke died, gave a public oration in his praife in the Univerfity 
of Edinburgh ; which, it is believed, was the firft of the kind in this country, * 
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Cullen, the ardour of difpofition he poffeffcd, it cannot be fup- 

■-C—1 pofed he beheld the fair fex with indifference. Very 
early in life he took a itrong attachment to an amiable 
woman, a Mifs Johnfton, daughter to a clergyman in 
that neighbourhood, nearly of bis own age, who was 

prevailed on to join with him in the facrtd bonds of 
wedlock, at a time when he had nothing elfe to recom¬ 
mend him to her except his perfon and difpofitions ; for 

as to riches and poffeffions he had little of thefe to boalt 
of. She was beautiful, had great good fenfe, equani¬ 
mity of temper, an amiable dilpofition, and elegance of 
manners, and brought with her a little money, which, 
though it would be accounted nothing now, was fome- 
thingin thofe days to one in his fituation in life. After 

giving to him a numerous family, and participating with 
him the changes of fortune which he experienced, ihe 

peacefully departed this life in fummer 1786. ^ 
. In the year 1746, Cullen, who had now taken the 

degree of doftor in phyfic, was appointed a kfturcr in 
chemillry in the univerlity of Glafgow : and in the 
month of Oftober began bis kaurcs jn that fcience 
His Angular talents for arrangement, his diftinanefs of 

enunciation, bis vivacity of manner, and his knowledge 

of the fcience he taught, rendered his ledures intereft- 
ing to the ftudents to a degree that had been till then 
unknown at that univerlity. He became, therefore, in 
feme meafure, adored by the ftudents. The former pro- 
feffors were eclipfed by the brilliancy of his reputation; 
r.nd he had to experience all thofe little rubs that envy 
and difappointed ambition naturally threw in his way. 

Rto-ardlefs, however, of thefe fecret fhagreens, he pref- 
fed°forward with ardour in his literary career; and, 
fupported by the favour of the public, he confoled him 

.V\r 1 _1.. 1, ^ frnm n fpw infllVl felf for the contumely he met with from a few indivi¬ 
duals. His pra&ice as a phyfician increafed from day 
to day ; and a vacancy having occurred in the year 
jyrT, he was then appointed by the king profeflor ol 

medicine in that univerfity. This pew appointment 

ferved only to call forth his powers, and to bring to 
light talents that it was not‘formerly known he poflef- 

fed ; fo that his fame continued to increafe. 
As, at that period, the patrons of the univerfity of 

Edinburgh were conftantly on the watch for the molt 
eminent medical men to fupport the nfing fame of the 

college, their attention was foon dire&ed towards Cul¬ 
len ; who, on the death of Dr Plumber, profeffor of 
chemiftry, was, in 1756, unanjmonfly invited to accept 

the vacant chair. This invitation he accepted : and ha¬ 

ving refigned all his employments in Glafgow, he be- 
gan his academical career in Edinburgh in the njont 1 

of Oftober of that year ; and there he refided till his 

If the admiffion of Cullen into the univerfity of Glaf¬ 

gow gave great fpirit to the exertions of the ftudents, 
this was Hill, if pofiible, more ftrongly felt in. Edin¬ 
burgh. Chemiftry, which had been till that time ot 

frnall account in that univerfity, and was attended to by 
very few of the ftudents, inftantly became a favourite 
ftudy ; and the leftures upon that fcience were more 
frequented than any others in the univerfity, anatomy 
alone excepted. The ftudents, in general, fpoke of Cul¬ 
len with the rapturous ardour that is natural to youth 
when they are highly pleafed. Thefe eulogiums ap¬ 
peared extravagant to moderate men, and could not fail 

to prove difgufting to his colleagues. A party was 

] C U L 
formed among the ftudents for oppofing this new fa- ^ 

vonrite of the public ; and thefe ftudents, by mifrepre- 
fe 11 ting the doctrines of Cullen to others who could not 
have an opportunity of hearing thefe do&rines tliem- 

felves, made even fome of the moil intelligent men in the 
univerfity think it their duty publicly to oppofe thefe 
imaginary tenets. The ferment was thus augmented ; 
and it was fome time before the profeffors difeovered 

the arts by which they had been impofed upon, and 

univerfal harmony reftored. 
During this time of public ferment, Cullen went 

fteadily forward, without taking any part himfelf in 
thefe difputes. He never gave ear to any tales refpe£t- 
ing his colleagues, nor took any notice of the doctrines 
they taught : That fome of their unguarded ftriftnrcs 
might at times come to his knowledge, is not.impof- 

fible ; but if they did, they feemed to make no impref- 

fion on his mind. 
Thefe attempts of a party of ftudents to lower the 

charafter of Cullen on his firft outlet in the univerfity 
of Edinburgh having proved fruitlefs, his fame as a 
profeflor, and his reputation as a phyfician, became moie 
and more refpeaed every day. Nor could it well be 
otherwife: Cullen's profeflio:ial knowledge was always 
great, and his manner of le&uring Angularly clear and. 
intelligible, lively and entertaining ; and to his patients, 
his condua in general as a phyfician was fo pleafmg, his 
addrefs fo affable and engaging, and his manner fo open, 
fo kind, and fo little regulated by pecuniary confidera- 
tions, that it was impoffible for thefe who had occafion to 
call once for his medical affiftance, ever to be fatisfied on 
any future occafion without it. He became the friend, 
and companion of every family he vifited and his fu- 

CuIIen; 

ture acquaintance could not be difpenfed with. 
But if Dr Cullen in his public capacity deferved to 

be admired, in his private capacity by his ftudents he de¬ 
ferved to be adored. His conduct to them was fo at¬ 
tentive, and the intereft he took in the private concerns 
of all thofe ftudents who applied to him for advice, was 
fo cordial and fo warm, that it was impoffible for. any 
one who had a heart fufceptible of generous emotions, 
not to be enraptured with a conduct fo uncommon and. 
fo kind. Among ingenuous youth, gratitude eafily de¬ 

generates into rapture—into refpeft nearly allied to a- 
doration. Thofe who advert to this natural conftruc- 

tion of the human mind, will be at no lofs to account 
for that popularity that Cullen enjoyed—a popularity, 
that thofe who attempt to weigh every occurrence by 

the cool ftandard of reafon alone, will be inclined to 
think excefiive. It is fortunate, however, that, the bulk 
of mankind will ever be influenced in their judgment, 

not lefs by feelings and affe<ffions than by the cold and 
phlegmatic di&ates of reafon. The adoration which; 
generous conduft excites,, is the reward which nature 
hath appropriated exclufively to difluterefted beneficence. 

This was the fecret charm that Cullen ever carried a- 
bout with him, which fafeinated fuch numbers of thofe 
who had intimate accefs to him. This was the power 
which his envious opponents never could have an op¬ 

portunity of feeling. 
The general conduft of Cullen to his ftudents was. 

thus. With all fuch as he obferved to be attentive, and 
diligent, he formed an early acquaintance, by inviting 
them by twos, by threes, or by fours at a time, to fup> 

with him, converfing with them on thefe occafions with. 
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C»llcn. the moft engaging eafe, and freely entering with them 
--v—' on the fubjedl of their (Indies, their amufements, their 

difficulties, their hopes, and future profpedls. In this 
way he ufually invited the whole of his numerous clafs, 
till he made himfelf acquainted with their abilities, their 
private charadler, and their objedls of purfuit. Thofe 

among them whom he found moil afiiduous, beii dif- 
pofed, or the moft friendlefs, he invited the moft fre¬ 
quently, till an intimacy was gradually formed, which 
proved highly beneficial to them. Their doubts, with 
regard to their objects of ftudy, he liftened to with at¬ 
tention, and folved with the moft obliging coudefcen- 
fion. His library, which confided of an excellent af- 
fortment of the beft books, efpecially on medical fub- 
jedls, was at all times open for their accommodation ; 
and his advice, in every cafe of difficulty to them, they 
always had it in their power moft readily to obtain. 
They feemed to be his family ; and few perfons of dif- 
tinguifhed merit have left the univerfity of Edinburgh 
in his time, with whom he did not keep up a corre- 

' fpondence till they were fairly eftablifned in bufinefs. 
By thefe means he came to have a moft accurate know¬ 
ledge of the date of every country, with refpedl to 
practitioners in the medical line ; the only ufe he made 
of which knowledge was, to diredl ftudents in their 
choice of places, where they might have an opportuni¬ 
ty of engaging in bufinefs with a reafonable profpedl of 
fuccefs. Many, very many, able men has he thus put 
into a good line of bufinefs where they never could have 
thought of it themfelves ; and they are now reaping the. 
fruits of this beneficent forefight on his part. 

Nor was it in this way only that he befriended the 
ftudents at the univerfity of Edinburgh. Poflefling a 
benevolence of mind that made him ever think firit of 
the wants of others, and recolledling the difficulties 
that he himfelf had had to ftruggle with in his younger 
days, he was at all times fingularly attentive to their pe¬ 

cuniary concerns. From his general acquaintance a-, 
mong the ftudents, and the friendly habits he was 011. 
with many of them, he found 110 difficulty in difeover- 
ing thofe among them who were rather in hampered 

circumftances, without being obliged to hurt their de¬ 
licacy in any degree. To fuch perfons, when their 
habits of ftudy admitted of it,, he. was peculiarly at¬ 
tentive. They were more frequently invited to his 
houfe than others; they were treated with .more than, 
ufual kindnefs and familiarity ; they were condu&ed to 
his library, and encouraged by the moft delicate addrefs. 
to borrow from it freely whatever books he thought, 
they had occafion for : and as perfons in thefe circum-, 
fiances were ufually more.fhy in this.refpe.Cl than others, 
books were fometimes preffed upon them as a fort of 
conftraint, by the DoClor infifting to have their opinion 
of fuch or fucli paffagesthey had not read, and .defiring 
them to c^rry the book home for that, purpofe. lie, 

in fiiort, behaved to them rather as if. he . courted their 
company, and flood in need of their acquaintance than 
they of his. He thus raifed them in the opinion of 

their acquaintance to a much higher degree of eftima^ 
tion than they could othervvife have obtained ; Hwhich, . 
to people whofe minds were deprefled by penury, and 
whofe fenfe of honour was (harpened by the confcioufr 
nefs of an inferiority of a certain kind, was fingularly 

engaging. Thus they were infpired with a fecret fenle 

ef dignity, which elevated.their .minds, and excited an 

uncommon ardour of purfuit, inftead of that melancho- Cullen, 
ly inaClivity which is fo natural in fuch circumftances, "~NT"— 
and which too often leads to defpair. Nor was he lefs 
delicate in the manner of fupplying their wants, than 
attentive to difeover them. He often found out fome. 
polite excufe for refufing to take payment for a fir ft 

courfe, and never was at a lofs for one to an after courfe. 
Before they could have an opportunity of applying for 

a ticket, he would fometimes lead the converfation to 
fome fubjeCl that occurred in the courfe of his lectures; 
and as his ledlures were never put in writing by him¬ 
felf, he would fometimes beg the favour to fee their 
notes, if he knew they had been taken with attention, 
under a pretext of affifting his memory.. Sometimes lie 
would exprefs a wifh to have their opinion of a particu¬ 
lar part of his courfe, and prefented them with a ticket 
for that purpofe ; and fometimes lie refufed to take 
payment, under the pretext that they had not received 
his full courfe the preceding year, fome part of it ha¬ 
ving been neceflarily omitted for want of time, which 
he meant to include in this courfe. By fuch delicate 

addrefs, in which he greatly excelled, he took care to 
forerun their wants. Thus he not only gave them the. 
benefit of his own lectures, but by refufing to take 
their money, lie alfo enabled them to attend thofe of 
others that were, neceflaiy to complete their courfe of 
(ludies. Thefe were particular devices he adopted to 
individuals to whom economy was necefiary ; but it 
was a general, rule with him, never to take money from 

any ftudent for more than two courfes of the fame fet 
of ledlures, permitting him to attend thefe ledlures as. 
many years longer as he pleafed gratis. 

He introduced another general rule into the univer^ 
fity, that was didlated by the fame principle of difin- 
terefted beneficence, that ought not to be here paffed 
over in filencc. Before he came to Edinburgh, it was. 
the cuftom of medical profeflbrs to accept of fees for 
their medical affiftance, when wanted, even from medi¬ 
cal ftudents themfelves, who were perhaps attending the. 
profeflbr’s own ledlures at the time. But Cullen never 
would take fees as a pliyfician from any ftudent at the 
univerfity, though he attended them, when called in as 
a phyiician, with the fame afliduity and care as if they 

had been performs of the firft rank,.,who paid him molt 
liberally. This gradually induced others to adopt a fi- 
milar pradlice ; fo that it is now become a general rule 
for medical profeflbrs to decline taking any fees when 
their affiftance is neeeffary to a ftudent. For this ufe- 
ful reform, with many others, the ftudents of the uni- . 

verfity of Edinburgh are folely indebted to the liberali¬ 
ty of Dr Cullen. , 

The . firft ftedlures which. Cullen delivered in Edin¬ 
burgh were on chemillry ; and for many years he alfo 

gave clinical ledlures on the cafes which occurred in the 
Royal Infirmary. In the month of February 1763, 
Dr Alfton died, after having begun his ufual courfe of 

ledlures on the materia .medica ; .and the magiftrates of 
Edinburgh, as patrons of that profefibrfliip in the uni- 

verfity, ..appointed Dr Cullen to that chair, requefting 
that he would finifli the, courfe. of ledlures that had been 
begun for that feafon. This lie agreed, to do; and 
though he was under a peceffity of going on with the 
courfe in a few. days after he was nominated, lie did not , 
once think of reading the ledlures of his predeceffor, , 

but re folved to deliver a new courfe entirely his own . 

The. 
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Cullen. The popularity of Cullen at this time may be guefied 

' at by the increafe of new ftudents who came to attend 
his courfe in addition to the eight or ten who had en¬ 
tered to Dr Alfton. The new Undents exceeded 100. 
An imperfeft copy of thefe leftures, thus fabricated in 
hade, having been publifhed, the Doftor thought it ne- 

ceffary to give a more correft edition of them in the 

latter part of his life. But his faculties being then 
much impaired, his friends looked in vain for thofe (In¬ 

king beauties that charaaerifed his literary exertions in 

the prime of life. . 
Some years afterwards, on the death or Dr White, 

the magiUrates once more appointed Dr Cullen to give 

lectures on the theory of phyfic in his head. And it 
was on that occafion Dr Cullen thought it expedient to 

refign the chemical chair in favour of Dr Black, his 
former pupil, whofe talents in that department of fcience 

were then well known, and who filled the chair till Ins 

* SteBlack,death with great fatisfa&ion to the public*. Soon after, 
SuppL on the death of Dr Rutherford, who for many years 

had given leftures with applaufe on the practice of phy¬ 
fic, Dr John Gregory (wliofc name can never be men¬ 

tioned by any one who had the pleafure of his acquain- 
tance without the warmed tribute of a grateful re ip eft) 
having become a candidate for this place along with Dr 

Cullen, a fort of compromife took place between them ; 

is therefore not fo moch employed in-examining the fe« 
parate parts of this individual objeft, as in tracing its 
relations, connections, and dependencies, on thofe a- 
round it.—Such was the turn of Cullen’s mind. The 
talent for arrangement was that which peculiarly dif- 
tinguifhed him from the ordinary clafs of mortals ; and 
this talent he pofTeffed perhaps in a more diftinguifhed 
degree than any other perfon of the age in which he 
lived. Many perfons exceeded him in the minute know¬ 
ledge of particular departments, who, knowing this, 
naturally looked upon him as their inferior ; but pof- 

fefiing not at the fame time that glorious faculty, which, 
« with an eye wide roaming, glances from the earth to 

heaven/’ or the charm's which this talent can infufc 
into congenial minds, felt diiguft at the pre-eminence 
he obtained, and aflonifhment at the means by which 
he obtained it. An Ariltotle and a Bacon have had 
their talents in like manner appretiated ; and many are 
the perfons who can neither be exalted to fublime ideas 
with Homer, nor ravifhed with the natural touches of a 

Sliakefpeare. Such things are wifely ordered, that every 
department in the univerfe may be properly filled by 

thofe who have talents exaftly fuited to the tafk afiign- 

ed them by heaven. 
Had Cullen, however, pofTeffed the talents for ar¬ 

rangement alone, fmall would have been his title, to 

vCuTJen. 

Cullen, a fort that high degree of applaufe he has attained. With- 
by winch they agreed each t,8^ out a knowledge offal, a talent for arrangement pro- 
on the theory and on the praftc P ) d £ duces noth!ng but chimeras ; without materials to work 
their joint lives, the longed feivnor b g ^ lfruftures which an over-heated imagination 
hold either Of the clafles hefh°uld incline 1 n cojfe. « the bafelefs fabric of /ifion.” 

quence of tins agreement, Dr Cullen d11 d A/ wzn was more feniible of the jullnefs of this remark 
.courfe of leftures on the praftice of phjl CuUen, and few were at greater pains to avoid CUUUC Ul V»v r--- I j 

in66, and Dr Gregory fucceeded him in tfiat branch 
the following year. Never perhaps did a literary ar¬ 
rangement take place that could have proved more be¬ 

neficial to the fludents than this. Both thefe men poi- 
feffed great talents, though of a kind extremely dilhmi- 
lar. Both of them had certain failings ortkiefts, which 

the other was aware of, and counterafted. ° 
them knew and refpefted the talents of the other. They 
co-operated, therefore, in the happiefl manner, to en¬ 
large the undemanding, and to forward the purfuits of 
their pupils. Unfortunately this arrangement was loon 

deflroyed by the unexpefted death of Dr Gregory, 

who' was cut off in the flower of life by a bidden and 
unforeseen event. After this time, Cullen continued 

to give leftures on the praftice of phyfic till a tew 
months before his death, which happened on the 5t 1 

of February 1790, in tlie 77th year of his age. 
In drawing the charafter of Dr Cullen, Dr An r- 

than Dr Cullen, and few were at greater pains to avoid 
it. His whole life, indeed, was employed, almofl with¬ 
out interruption, in collefting fafts. Whether he was 
reading, or walking, or couverfing, thefe were continu¬ 

ally falling into liis way. With the keen perception of 
an eagle, he marked them at the firtl glance ; and with¬ 

out flopping at the time to examine them, they were 
flored up in his memory, to be drawn forth as occafion 
required, to be confronted with other fafts that had 
been obtained after the fame manner, and to have their 
truth afeertained, or their falfity proved, by the evidence 
which fhould appear when carefully examined at the 

impartial bar of juftice. Without a memory retentive 

in a fingular degree, this could not have been done ; 
but fo very extraordinary was Dr Cullen’s memory, 

that till towards the very decline of life, there was 
fcarcely a faft that had ever occurred to him winch lie 
could not readily recolleft, with all its concomitant cir- 

In drawing the charafter occafion to refer to it. It 
fon, to whom we are indebted for t .s lketch, facultv which fo much abridged his labour m ion, to wii*jin wc ait -- . 
that in fcientific purfuits men may be arranged into 
two grand claffes, which, though greatly different from 

each other in their extremes, yet approximate at times 
fo near as to be blended indifcriminately together ; 

thofe who poflefs a talent for detail, and thofe ™ho ar^ 
endowed with the faculty of arrangement. ae r 
may be faid to view objefts individually as tliroug 1 a 
microfcope. The field of vifion is confined , ut t e 
objefts included within that field, which mull utua y 
be considered fingly and apart from all others, are een 

was this faculty which fo much abridged his labour m 

ftudy, and enabled him fo happily to avail himfelf of the 
labour of others in all his literary fpcculations. He of¬ 
ten reaped more by the converfation of an hour than 

another man would have done in whole weeks of labo¬ 

rious iludy. , 
In liis preleftions, Dr Cullen never attempted to 

read. His leftures were delivered viva voce, without 
having been previoufly put into writing, or thrown in¬ 
to any particular arrangement. The vigour of his min 

be confidered fingly and apart from all others are leen 10 any o a few 

with a wondrous degree of accuracy and diftmftnefs was fuch, from va- 

The other takes a keeping view of the uu.verfe at he had been accuftomed 
large, confiders every objeft he perceives not mdividu- ry.ng h ? his difcourfe8 an eafe, a vi- 

ally, but as a part of one harmonious whole : His mind to oblerve. i g vacity. 
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Cullen, vacity, a variety, and a force, that are rarely to be met 

^ with in academical difcourfes. His lectures, by coufe- 
quence, upon the fame fubjeft were never exaftly the 
fame. Their general tenor indeed was not much va¬ 

ried ; but the particular illuftrations were always new, 

well fuited to the circumftances that attrafted the ge¬ 
neral attention of the day, and were delivered in the 
particular way that accorded with the call of mind the 
prelector found himfelf in at the time. To thefe cir¬ 

cumftances mult be afcribed that energetic artlefs elo¬ 
cution, which rendered his leftures fo generally capti¬ 
vating to his hearers. Even thofe who could not fol¬ 
low him in thofe extenfive views his penetrating mind 
glanced at, or who were not able to underftand thofe apt 
allufions ^collateral objects which he could only rapidly 
point at as he went along, could not help being warm¬ 
ed in fome meafure by the vivacity of his manner. But 

to thofe who could follow him in hjs rapid career, the 
ideas he fuggefted were fo numerous, the views he 
laid open were fo extenfive, and the objects to be at., 
tained were fo important—that every aftive faculty of 
the mind was roufed; and fiich an ardour of enthuliafm 
was excited in the profecutfon of ftudy, as appeared to 
be perfedtly inexplicable to thofe who were merely un¬ 
concerned fpedlators. In confequence of this unfhack- 
led freedom in the compofition and delivery of his lec¬ 
tures, every circumftaiiee was in the niceft unifon with 
the tone of voice and expreffion of countenance, which 
the particular caft of mind he was in at the time infpi- 

red. Was he joyous, all the figures introduced for il- 
luftration were fitted to excite hilarity and good hu¬ 

mour : was he grave, the objefts brought under view 
were of a nature more folernn and grand : and was he 
peevifti, there was a peculiarity of manner in thought, 
in word, and in aftion, which produced a mod ftriking 
and interefting effeft. The languor of a nervelefs uni¬ 
formity was never experienced, nor did an abortive at¬ 
tempt to excite emotions that the fpeaker himfelf could 

not at the time feel, ever produce thofe difeordant ideas 
which prove difgufting and unpleafing. 

It would feem as if Dr Cullen had confidered the 
proper bufmefs of a preceptor to be that of putting his 
pupils into a proper train of ftudy, fo as to enable them 
to profecute thofe ftudies at a future period, and to car¬ 
ry them on much farther than the ftiort time allowed 
for academical p Ale ft ions would admit. He did not, 
therefore, fo much ftrive to make thofe who attended 
his leftures deeply verfed in the particular details" of 
objefts, as to give them a general view of the whole 
fubjeft ; to (hew what had been already attained re- 
fpefting it; to point out what remained yet to be dif- 
covered ; and to put them into a train of ftudy that 
ftiould enable them at a future period, to remove thofe 

difficulties that had hitherto obftrufted our progrefs ; 
and thus to advance of themfelves to farther and far¬ 
ther degrees of perfection. If thefe were his views, 
nothing could be more happily adapted to them than the 
mode he invariably purfued. He firft drew, with the 
ftriking touches of a mafter, a rapid and general outline 
of the fubjeft, by which the whole figure was feen at 

once to ftart boldly from the canvas, diftinft in all its 
parts, and unmixed with any other objeft. He then 
began anew to retrace the pifture, to touch up the lef- 
fer parts, and to finifh the whole in as perfeft a manner 

as the ftate of our knowledge at the time would permit* 

Where materials were wanting, the pifture there conti- Cullen, 
nued to remain imperfeft. The wants were thus ren- ‘ 1 ~vmmm 
dered obvious ; and the means of fupplying thefe were 
pointed out with the mod careful diferimination. The 

ftudent, whenever he looked back to the fubjeft, per¬ 
ceived the defefts ; and his hopes being awakened, he 

felt an irrefiftible impulfe to explore that hitherto un¬ 
trodden path which had been pointed out to him, and 
fill up the chafm which ftill remained. Thus were the 

aftive faculties of the mind molt powerfully excited ; 
and in dead of labouring himfelf to fupply deficiencies 
that far exceeded the power of any onejman to accom- 
plifh, he fet tboufauds at work to fulfil the talk, and 
put them into a train of going on with it, when he him¬ 

felf ftiould be gone to that country “ from vvhofe dread 
bourne no traveller returns.” 

It was to thefe talents, and to this mode of applying 
them, that Dr Cullen pwed his celebrity as a profeffor; 
and it was in this manner that lie has perhaps done 
more towards the advancement of fcience than any 
other man of his time, though many individuals might 
perhaps be found who were more deeply verfed in the 

particular departments lie taught than he himfelf was. 
Chemiftry, which was before his time a moft difgufting 
purfuit, was by him rendered a ftudy fo pieafing, fo ea- 
fy, and fo attraftive, that it is now profecuted by num¬ 
bers as an agreeable recreation, who but for the lights 

that were thrown upon it by Cullen and his pupils, 
would never have thought of engaging in it at all; 
though perhaps they never heard of Cullen’s name, nor 
have at this time the moft diftant idea that they owe 
any obligations to him ; and the fame may be. laid of 
the other branches of fcience which he taught. 

According to a man who knew, him well, there are 
three things which eminently diftinguifhed Cullen as a 
profeffor. “ The energy of his mind, by which he 
viewed every fubjeft with ardour, and combined it im¬ 
mediately with the whole of his knowledge. 

“ The fcieutific arrangement which he gave to his 
fubjeft, by which there was a lucidus ordo to the dulleft 
fcholar. He was the .firft perfon in, this country who 
made clicmiftry ceafe to be a chaos. 

“ A wonderful art of interefting the ftudents in every 
thing which he taught, and of raifing an emulative en- 
thufiafm among them.” 

We are well aware that this charafter will by many 
be deemed an extravagant panegyric ; but having no 
opportunity of judging for ourfelves, we would rather 
adopt from others an extravagant panegyric than an 
unmerited cenfure. Dr Anderfon himfelf admits that 
Cullen’s charafter was far from perfeftand, in the 
opinion of moft other men with whom we have conver¬ 
ted on the fubjeft, and who were at the fame time qua¬ 
lified to form an eftimate of his mental powers, his ima¬ 
gination was not balanced by his judgment. Hence 

the common remark in the univerfity of Edinburgh, 
that Dr Cullen was more fuccefsful in demolifhing the 
theories of others than in giving (lability to thofe 
which were reared by himfelf. 

Dr Cullen’s external appearance, though ftriking and 
not unpleafing, was not elegant. His countenance was 

exprefiive, and his eye in particular remarkably lively,. 
and at times wonderfully penetrating. In his perfon he 

was tall and thin, Hooping very much about the ftioul- 

ders. When.he walked, he had a contemplative look,, 
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and did not feem much to regard the objefts around a palm branch 

f CURFEU Bell (fee Curfew, Encycl), called in 
the law Latin of the middle ages ignitegium or pyrite- 

.glum, and in French, cuvrefeu — was a fignal for all per¬ 
sons to extinguilh their fires at a certain hour. In thole 

ages people made fires in their lionfes in a hole or pit in 
'the centre of the floor, under an opening formed in the 
roof; and when the fire was burnt out, or the family 
:went to bed, the hole was (hut by a cover of wood 
or of earth. This pra&ice *ftill prevails among the cot¬ 

tagers in fom°. parts of Scotland, and we doubt not of 
-other countries. In the dark ages, when all ranks of 
people were turbulent, a law was almoll everywhere 
eftablilhed, that the fire fhould be extinguilhed at a cer¬ 
tain time in the evening ; that the cover fhould be put 
over the fire-place ; and that all the family fhould re- 

tire to reft, or at leaft keep within doors The time 
when this ought to be done was fignified by the ring¬ 
ing of a bell, called therefore the. curfeu-bell or ignitegium. 
The law of William the Conqueror, which introduced 

this pra (Slice into England, as has been mentioned in the 
Encyclopaedia, was abolifhed by Henry I. in 1100. 

The ringing of the curfeu-bell gave rife to the prayer- 

bell, as it is called, which is Hill retained in fome Pro- 
teftaiit countries. Pope John XXIII. with a view to 
avert certain apprehended misfortunes, which rendered 
his life uncomfortable, gave orders, that every perfon, on 

hearing the ignitegium, fhould repeat the Ave Maria three 
times. When the appearance of a comet, and a dread 
of the Turks, afterwards alarmed all Chriftendom, Pope 
Calixtus III. increafed thefe periodical times of prayer, 
by ordering the prayer-bell to be rung alfo at noon. 

Beckmann's Hijlory of Inventions. 
tCURVE of Equable Approach. It was firfl pro- 

pofed by Leibnitz, namely, to find a curve, down which 
a body defending by the force of gravity fhall make 
equal approaches to the horizon in equal portions of time. 

It has been found by Bernoulli and others, that the 
curve is the fecond cubical parabola, placed with its ver¬ 
tex uppermoft, and which the defending body mull en¬ 
ter with a certain determinate velocity. Varignon ren¬ 
dered the queftion general for any law of gravity, by 
which a body may approach towards a given point by 
equal fpaces in equal times. And Maupertuis alfo re- 
folved the problem in the cafe of a body defending in 
a medium which refills as the fquare of the velocity. 

CUSSO, or Ba^ksia Abyssinica, is a beautiful and 
ufeful tree, indigenous to the high country of Abyflinia. 
At leafl Mr Bruce, who has given of it the only descrip¬ 
tion which we have feen, fays that he never faw it in any 

other part of Alia or Africa. It feldom grows above 
20 feet high, very rarely flraight, generally crooked or 
inclined. Its leaf, which is of a deep unvarnifhed green, 
having the fore part covered with foft hair or down, is 
about 2'J inches long, divided by a ftrong rib into two 
unequal divifions, of which the upper is broader and 
larger than the lower. It is more indented than even 
the nettle leaf, which it in fome meafure refembles, only 

the leaf of the Cujfo is narrower and longer. 
Tliofe leaves grow two and two upon a branch, ha¬ 

ving between each two the rudiments of two pair of 
leaves, which probably are deciduous i but the branch is 
terminated with a Angle leaf or Jlipida at the point. 

The end of this ftalk is broad and ftrong, like that of 

CYC 
„ __ It is not folid like the gerid of the 

date tree, but opens in the part that is without leaves 
about an inch and a half from the bottom, and out of 
this aperture proceeds the flower. There is a round 
ftalk, bare for about an inch and a quarter, from which 
proceed crooked branches with Angle flowers attached 

to their ends ; the ftalk that carries thefe proceeds out 
of every crook or geniculation. The whole duller or 
flowers has very much the fliape of a duller of graphs ; 
the ftalks which fupport it refemble the ftalks of the 
grape ; and a very few fmall leaves are fcattered through 

the duller of flowers. 
“ The calyx or flower cup is of a greeni/Jj colour, tin¬ 

ged with purple ; when fully blown it is altogether of 
a deep red or purple ; the corolla is white, and confifts 
of five petals ; in the midft is a fhort piilil with a round 
head, furrounded by eight ftamina, of the fame form, 
loaded with yellow farina. The cup confifts of five pe¬ 
tals, which much refemble another flower ; they are 
rounded at the top, and nearly of an equal breadth 
every way. The feed is very fmall, fmaller than even 
the femen fantonicum ; and being likewife very bitter it 
is ufed in Abyflinia as a vermifuge. From its fmall- 
nefs, however, and its being very eafily fhed, no great 
quantity of it is ever gathered, and therefore the flower 
is often fubftituted in its Head. The Abyfiinians, fays 
our author, of both fexes, and at all ages, are troubled 
with the fort of worm called afearides, of which every 
individual evacuates a large quantity once a-month. 
The method of promoting thefe evacuations is by in- 

fufing a handful of dry culfo flowers in about two Eng- 
lilh quarts of bouza, or the beer they make of teff (fee 
Teff, Encycl.), and after it has been lleeped all uight, 

the next morning it is fit for ufe. 
“ The bark of the tree is fmooth, of a yellowifh white, 

interfperfed with brown ftreaks, which pafs through the 
whole body of the tree. It is not firm or hard, but ra¬ 
ther ftringy and reedy. On the upper part, before the 
fir ft branch of leaves fet out, are rings round the trunk, 
of fmall filaments of the confiftence of horfe hair : thefe 
are generally fourteen or fixteen in number, and are a 
very remarkable charadleriilic belonging to the tree.” 

From this defeription, which, it mull be confelfed, 
is not remarkable for perfpicuity, and from an infpec- 
tion of the figure which Mr Bruce has given of the 

culfo, we are inclined to rank it with the palms, as a 

new genus, neareft to the caryota. 
CUVETTE, or Cunette, in fortification, is a kind 

of ditch within a ditch, being a pretty deep trench, about 
four fathoms broad, funk and running along the middle 

of the great dry ditch, to hold water ; ferviug both to 

keep olf the enemy and prevent him from mining. 
CYCLE of Indiction, is a feries of 15 years, re¬ 

turning conftantly around like the other cycles, and 
commenced from the third year before Chrill ; whence 
it happens that if 3 be added to any given year of Chrill, 

and the fun be divided by 15* what remains is the year 

of the indi&ion. 
CYCLOID (fee Encycl.) is a curve, which is thus 

generated : Suppofe a wheel or circle to roll along a 
ilraiglit line till it has completed juft one revolution ; a 
nail or point in that part of the circumference of the 
circle, which at the beginning of the motion touches 
the ftraight line, will, at the end of the revolution, have 

deferred on a vertical plane a cycloid. 
DAGLLL I| 

Cuvette 
11., 

Cvcloia. 
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T\AGELET, the name given by La Peroufe, the 

celebrated though unfortunate navigator, to an 
iflatid on the coaft of Corea (fee Corea, EticycL), which 
he difcovered in the year 1787. It is little more than 
three leagues in circumference ; and our author almoft 

made its circuit at the didance of a mile without finding 
bottom. This fmall fpot is very deep, but covered with 
the fiqeft trees from the fea-fhore to the fummit. A ram- 

part or bare rock, like a wall, encircles the whole out¬ 
line of it, with the exception of feven littleTandy creeks, 
where it is poflible to land. In thefe creeks the French¬ 
men faw upon the (locks fome boats of a conftru&ion 

altogether Chinefe ; but the fight of their (hips fright¬ 
ened the workmen, who fled from their dock-yard into 
the wood, which was not more than fifty paces diilant. 
As a few huts were feen, but neither villages nor cul¬ 
tivation, La Peroufe concluded that the ifland is with¬ 
out inhabitants, and that the men whom he faw at 
work were Corean carpenters, who during the fummer 

months go with provifion to Dagelet for the purpofe of 
building boats, which they fell upon the continent. He 
places the north-eaft point of this ifland in Lat. 370. 25'. 
and E. Long. 12$p. 2f. from Paris. 

DAIRY is a word which fignifies fometimes the art 
of making various kinds of food from milk ; fometimes 

the place where milk is manufa&ured; and fometimes 
the management of a milk-farm. On the c/airy, in the 
firfi and iecond of thefe fenfeg, enough lias been faid in 
the Encyclopedia under the titles Butter, Cheese, 

and Dairy ; on the management of a milk farm that 
work contains nothing. 

When a dairy is edablifhed, the undertaker may 
fometimes think it his intereft to obtain the greatefl 
poflible quantity of produce j fometimes it may be more 
beneficial for him to have it of the fined quality ; and 
at other times it may be neceffary to have both thefe 
objects in view, the one or the other in a greater or lefs 
proportion : it is therefore of importance that lie (hould 
know how he may accomplifh the one or the other of 
thefe purpofes in the eafied and mod dired manner. 

To be able to convert bis milk to the highed poflible 
profit in every cafe, he ought to be fully acquainted 

with every circnmftance refpeding the manufadure both 
of butter and of cheefe ; as it may in fome cafes hap¬ 
pen, that a certain portion of that milk may be more 
advantageoufly converted into butter than into cheefe, 
while another portion of it would return more profit if 
made into cheefe. 

The fird thing to be adverted.to, in an undertaking 
of this nature, is to choofe cows of a proper fort. A- 

mong this clafs of animals, it is found, by experience, 
Suppl.Vol. I. Part II. 

that fome kinds give milk of a much thicker confift- 
ence and richer quality than others ; nor is this rich- 
nefs of quality neceflarily conneded with the fmallnefs 

of the quantity yielded by cows of nearly an equal fize ; 
it therefore behoves the owner of a dairy to be pecu¬ 

liarly attentive to this circumdance. In judging of the 
value of a cow, it ought rather to be the quantity and 
the quality of the cream produced from the milk of the 

cow, in a given time, than the quantity of the milk it- 
felf: this is a circumdance that will be fhewn hereafter 
to be of more importance than is generally imagined. 

The fmall cows of the Alderney breed afford the rich- 
cd milk hitherto known j but individual cows in every 

country may be found, by a careful feledion, that afford 
much thicker milk than others ; thefe therefore ought 
to be fearched for with care, and their breed reared with 
attention, as being peculiarly valuable. 

Few perfons who have had any experience at all in 
the dairy, can be ignorant, however, that.in comparing 

the milk of two cows, to judge of their refpedive qua¬ 
lities, particular attention mull be paid to the time that 
has elapfed fince their calving ; for the milk of the fame 

cow is always thinner foon after calving than it is af¬ 
terwards; as it gradually becomes thicker, though ge¬ 
nerally lefs in quantity, in proportion to the time fince 
the cow has calved. The colour of the milk, foon after 
calving, is richer than it is afterwards ; but this, efpe- 
cially for the fird two weeks, is a faulty colour that 
ought not to be coveted. 

To make the cows give abundance of milk, and of a 
good quality^ they mud at all times have plenty of 
food. Grafs is the bed food yet known for this pur¬ 
pofe, and that kind of grafs which fprings up fponta- 
neoufly on rich dry foils is the bed of all. If the tem¬ 

perature of the climate be fuch as to permit the cows? 
to graze at eafe throughout the day, they fhould be 
fuffered to range on fuch paffures at freedom ; but if 

the cows are fo much incommoded by the heat as to 
be prevented from eating through the day, they ought 
in that cafe to be taken into cool (hades for prote&ion • 
where, after allowing them a proper time to ruminate^ 
they fhould be fupplied with abundance of green food, 
frefh-cut for the purpofe, and given to them by hand 
frequently, in fmall quantities, frefh and frefh, fo as to 
induce them to eat it with pleafure. When the heat of 
the day is over, and they can remain abroad with eafe, 
they may be again turned into the padure, where they 
fhould be allowed to range with freedom all night, du- 
ring the mild weather of fummer. 

Cows, if abundantly fed, fhould be milked three times 
a-day, during the whole of the fummer feafon (a) • in 

--3 O the 

Dairy > 

(A) If cows be milked only twice in the day (24 hours), while they have abundance of fucculent food thev 
wdl yield a much fmaller quantity of milk, in the fame time, than if they be milked three times. Some atW 
live obfervers think a cow, in thefe circumftances, will give nearly as much milk at each time if u 

“S’— «•'«• This f,a, however, has L, ,h,t we k„„w 

P™”'- c“ d°»b' they give more, how m„ch more i, „o, afeertamed , „0“ whether *,' 
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Dairy, the morning early, at noon, and in the evening, juft he- 

-v-fore night.fall. In the choice of perfons for-milking 
the cows, great caution fliould be employed; for it 
that operation be not carefully and properly performed, 

not only the quantity of the produce of the dairy will 
be greatlv diminifhed, but its quality alfo will be very 

much debafed ; for if all the milk be not thoroughly 
drawn from a cow when (he is milked, that portion of 

milk which is left in the udder feems to be gradually 
abforbed into the fyftem, and Nature generates no more 

than to fupply the watte of what has been taken away. 
If this leffened quantity be not again thoroughly drawn 
off, it occafionS a yet farther diminution of the quan¬ 

tity of milk generated ; and thus it may be made to 
proceed, in perpetual progreflion from little to lefs, till 

none at all is produced. In fhort, this is the pradice 
in all cafes followed, when it is meant to allow a cow’s 
milk to dry up entirely, without doing her hurt. In 
this manner, therefore, the profits of a dairy might be 
wonderfully diminifiied ; fo that it much behoves the 
owner of it to be extremely attentive to this circum- 

flance, if he willies to avoid ruin. It ought to be a 
rule without an exception, never to allow this important 
department to be entrufted, without controul, to the ma¬ 
nagement of hired Servants (b). Its importance will be 

flill more manifeft from what follows. 
It is to Dr James Anderfon that we? are indebted for 

thefe judicious obfervations, as well as for the following 
aphorifms which, though they may be in part known to 

attentive houfewifes, be has reafon to believe are not 
commonly adverted to as their importance deferves. 

« Of the milk that is drawn from any cow at one time, 
Aphorifm t|iat whjch comes oif'at the ftrft is always thinner, and 

*' of a much worfe quality, than that which comes after¬ 
wards ; and the richnefs goes on continually increafmg 

to the very laft drop that can be drawn from the udder 

at that time.” 
Few perfons are ignorant that the milk which is laft 

of all taken from the cow at milking (in this country 

called Jlroaktngs) is richer than the reft of the milk ; 
but fewer ftill are aware of the greatnefs of the dispro¬ 
portion between the quality of the firft and the laft 
drawn milk, from the fame cow, at one milking.. The 
following fads (fay? our author) refpeding this circum- 

ftance were afeertained by me many years ago, and 
have been confirmed by many fubfequent experiments 

and obfervations. 
Having taken feveral large tea-cups, exadtly ot the 

fame fize^and fhape, one of thefe tea-cups was filled at 
the beginning of the milking, and the others at regular 

intervals, till the laft, which was filled with the dregs 
of the ftroakings. Thefe cups were then weighed, the 
weight of each having been fettled, fo as to afeertain 

that the quantity of milk in each was precifely the 
fame ; and from a great number of experiments, fre¬ 

quently repeated with many different cows, the refult 

was in all cafes as follows : 

The quantity of cream obtained from the fivft-drawn T>hry. 
cup was, in every cafe, much fmaller than from that y——J 

which was laft drawn ; and thofe between afforded lefs 
or more as they were nearer the beginning or the end. 
It is unneceffary here to fpecify thefe intermediate pro¬ 
portions ; but it is proper the reader fhould be inform¬ 
ed, that the quantity of cream obtained from the laft- 
drawn cup, from fome cows, exceeded that from the 

firft in the proportion of fixteen to one. In other 
cows, however, and in particular circumftances, the dif- 

proportion was not quite fo great; but in no cafe did it 

fall fhort of the rate of eight to one. Probably, upon 
an average of a great many cows, it might be found to 

run as ten or twelve to one. 
Secondly, The difference in the quality of the cream, 

however, obtained from tliefe two cups, was much 
greater than the difference in the quantity. In the firft 
cup, the cream was a*thin tough film, thinner, and per¬ 
haps whiter, than writing paper; in tiie laft, the cream 

was of a thick butyrous confidence, and of a glowing 
richnefs of colour that no other kind of cream is ever 

found to poflefs. 
Thirdly, The difference in the quality of the milk 

that remained, after the cream was feparated, was per¬ 
haps ftill greater than either in refped to the quantity 
or the quality of the cream. The milk in the firft cup 

was a thin bluifh liquid, as if a very large proportion of 
water had been mixed with ordinary milk ; that in the 
laft cup was of a thick confiftence, and yellow colour, 

more refembling cream than milk both in tafte and ap¬ 

pearance. 
From this important experiment, it appears that the 

perfon who, by bad milking of his cows, lofes but half 

a pint of his milk, lofes in fad about as much cream as 
would be afforded by fix or eight pints at the begin¬ 
ning, and lofes, befides, that part of the cream which 
alone can give richnefs and high flavour to his butter. 

«< If milk be put into a difh, and allowed to Hand Aphorifais 

till it throws up cream, that portion of cream which a. 
rifes firft to the furface is richer in quality, and greater 
in quantity, than what rifes in a fecond equal fpace of 
time ; and the cream that rifes in the fecond interval of 
time is greater in quantity, and richer in quality, than 

that which rifes in a third equal fpace of time ; that of 
the third than the fourth, and fo on : the cream that 

rifes decreafing in quantity, and declining in quality, 

continually, as long as any rifes to the furface.” _ 
Our ingenious author confeffes, that his experiments 

not having been made with fo much accuracy in this 

cafe as in the former, he was not enabled to afeertain 
the difference in the proportion that takes place in 

equal portions of time ; but they have been fo often re- 
peated as not to leave any room to doubt the fait, and 
it will be allowed to be a faft of no fmall importance in 
the management of the dairy. It is not certain, how¬ 

ever, but that a greater quantity of cream may, upon 

the whole, be obtained from the milk by taking it 
away 

(b) Cows fhould always be treated with great gentlenefs, and foothed by mild ufage, ef^cially when young 

and ticklifh, or when the paps are tender; in which laft cafe, the udder ought to be fomented with vvarm water 

before milking, and touched with the greateft gentlenefs, otherwife the cow will be in danger of contra« "g , 

habits, becoming ftubborn and unruly, and retaining her milk ever after. A cow never ets own1 . gr ^ 
fantly to the perfon (he dreads or diflikes. The udder and paps fliould.-always be waflie 
fore milking ; but care fhould be taken that none of that water be admitted into the milking-pai . 
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away at different times ; but the prbcefs is fo trouble- 
fome as'not to be counterbalanced by the increafed quan¬ 
tity obtained, if indeed an increafed quantity be thus 
obtained, which is not as yet quite certain. 

“ Thick milk always throws up a fmallcr proportion 
of the cream it a&ually contains to the furface, than 
milk that is thinner; but that cream is of a richer qua¬ 
lity. If water be added to that thick milk, it will af¬ 
ford a confiderably greater quantity of cream than it 
would have done if allowed to remain pure, but its qua¬ 
lity is, at the fame time, greatly debafed.” 

This is a fadf that every perfon attentive t.o a dairy 
muff have remarked; but I have never (fays our author) 

heard of any experiment that could afcertain, either the 
precife amount of the increafed quantity of cream that 
might thus be obtained, or of the ratio in the decreafe 
of its quality. The efFedls of mixing water with the 
milk in a dairy are at leaft afcertained ; and the know¬ 
ledge of this fad will enable attentive perfons to follow 
that pradice which they think will belt promote their 
own intereft. 

Ci Milk which is put into a bucket or other proper 
vefiel, and carried in it to any considerable diftance, fo 
as to be much agitated, and in part cooled, before it 
be put into the milk-pans to fettle for cream, never 
throws up fo much, nor fo rich cream, as if the fame 
milk had been put into the milk-pans diredly after it 
was milked.” . 

In this cafe, it is believed the lofs of cream will be 
nearly in proportion to the time that has elapfed, and the 
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agitation the milk has fuftained, after being drawn from 
the cow. But Dr Anderfon fays that he is not yet in 
poffeflion of any experiments which fufficiently afcer- 
tam how much is to be afcribed to the time, and the 
agitation, taken feparately. On every branch of agri¬ 

culture we find experiments wanting, at each ftep we 
advance in our inquiries ; and it is the duty of every en¬ 
quirer to point out, as he goes along, where they are 

wanted, fince the labours of no one man can pofiibly 
complete the whole. 

From the above fads, the following corollaries feem 
to be clearly deducible : 

Firjl. It is of importance that the cows fhould be 
always milked as near the dairy as poflible, to prevent 
the neceility of carrying and cooling the milk before it 
is put into the diflies; and as cows are much hurt 
by far driving, it mult be a great advantage in a dairy- 
farm to have the principal grafs fields as near the dairy 
or homeftead as poflible. 1 

Secondly. The pradice of putting the milk of all 
the cows of a large dairy into one vefiel, as it is milked, 

there to remain till the whole milking is finiflied, before 
any part of jt. is put into the milk-pans—feenis to be 
highly injudicious ; not only on account of the lofs that 
is fuftained by agitation and cooling, but alfo, more 
efpecially, becaufe it prevents the owner of the dairy 
from diftinguifhing the good from the bad cow’s milk, 

fo as to feparate tliefe from each other, where it is ne- 
ceflary. He may thus have the whole of his dairy pro- 
dud greatly debafed by the milk of one bad cow, for 
years together, without being able to difcover it. A 
better pradice, therefore, would be, to have the milk 

drawn from each cow put feparately into the creaming, 
pans as foon as it is milked, without being ever mixed 

with any other. Thus would the careful manager of 

the dairy be able on all occafions to obferve the parti¬ 
cular quality of each individual cow’s milk, as well as ' 
its quantity, and to know with precifion which of his 
cows it was his intereft to difpofe of, and which of them 
he ought to keep and breed from. 

Thirdly. If it be intended fo make butter of a very- 
fine quality, it will be advifable in all cafes to keep the 
milk that is firft drawn feparate from that which comes 
laft ; as it is obvious, that if this be not done, the qua¬ 
lity of the blitter will be greatly debafed, without much 

augmenting its quantity. It is alfo obvious, that if this 
is done, the qualitv of the butter will be improved in 

proportion to the imallnefs of the quantity of the laft* 
drawn milk that is retained; fo that thofe who wifli to 
be Angularly nice in this refped, will do well to retain 
onl^y a very fmall portion of the laft-drawn milk. 

. r^° fhofe owners of dairies who have profit only in 
view, it mu ft ever be a matter of trial and calculation, 
how far it is expedient for them to carry the improving 
of the quality of their butter at the expence of ditni- 

mflimg its quantity. In different (filiations prudence 
will point out different kinds of practice as moll eli¬ 
gible ; and all perfons mull be left, after making accu¬ 
rate trials, to determine for themfelves. It is Hkcwife 

a confideration of no fmall importance, to determiue in 
what way the inferior milk, that is thus to be fet apart 
where fine butter is wanted, can be employed with the 

greateil profit. In the Highlands of Scotland they 
have adopted, without thinking of the improvement of 
their butter, a very fimple and economical p raft ice in 
this refpeft. As the rearing of calves is there a prin¬ 
cipal objedt with the farmer, every cow is allowed to 

luckle her own calf with a part of her milk, the remain¬ 
der only being employed in the dairy. To give the 
calf its portion regularly, it is feparated from the cow, 

and kept in an inclofure, with all the other calves be- 
Ionging to the fame farm. At regular times, the cows 
are driven to the door of the inclofure, where the young 
calves fail not to meet them. Each calf is then fepat 

rately let out, and runs direftly to its mother, where it 

lucks till the dairy-maid judges it has had enough ; ihe 
then orders it to be driven away, having previoufly 
lhackled the hinder legs of the mother, by a very Am¬ 

ple contrivance, to oblige her to (land Hill. Boys drive 
away the calf with fwitches, and return it to the inclo- 
fure, while the dairy-maid milks off what was left by 
the calf: thus they proceed till the whole of the cows 
are milked. 1 hey obtain only a fmall quantity of 
milk, it is true, but that milk is of an exceeding rich 

qual.ty ; which in the hands of fuch of the inhabitants 
as know how to manage it, is manufaftured into the 
nchefl marrowy butter that can be anywhere met with. 

I his nchnefs of the Highland butter is univerfallv a- 
lcribed to the old grafs the cows feed upon in their 

remote glens ; but it is in fact chiefly to be attributed 
to the practice here defcribed, which has long prevailed 

m thofe regions. Whether a fimilar praftice could be 
economically adopted elfewhere, our author takes not 

upon him to fay ; but doubtlefs other fecondaiy ufes 
might be found for the milk of inferior quality On 

fome occafions, it might be converted into butter of an 
inferior quality ; on other occafions, it might be fold 
fweet, where the filtration of the farm was within reach 

of a market-town ; and on others, it might be convert- 
ed into cheefes, which, by being made of fweet milk, 

3 O 2 Would 
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ery fine quality if carefully made (c). tion of each cow’s milk can be fet apart for throwing 

• 1 , i Jmri'lod fni* ite annlipatlfin I 
Dairy, would be of a v~.} - 
s-V-1 still other ufes might be deviled for its application ; 

of which the following is worthy of notice. lake 
common lkimmcd milk, when it has begun to turn lour, 
put it into an upright Hand-churn, or a barrel with one 

of its ends out, or any other convenient velfel. Heat 
fome water, and pour it into a tub that is large enough 

to contain with eafe the veil'd in which the milk was 
put. Set the veflel containing the milk into the hot 

water, and let it remain there for the fpace of one 
night. In the morning it will be found that the milk 
has feparated into two parts ; a thick cream like fub- 
ftance, which occupies the upper part of the velfel, and 

a thin watery part that remains at the bottom. Draw 

off the thin part (called in Scotland wigg), by opening 
a ftop-cock, placed for that purpofe clofe above the 

bottom, and referve the cream for ufe. Not much lefs 
than half of the milk is thus converted into a fort of 
cream, which, when well made, feems to be as rich and 
fat as real cream itfelf, and is only diftinguifhable from 

It is eaten with fugar, and elteemed 

Da;r 

up cream, and when only a fmall proportion of that ~ 
cream can be referved, of the prime quality, it follows 
(the quantity of milk being upon the whole very in. 

confiderable), that the quantity of prime cream pro¬ 
duced would be fo fmall as to be fcarcely worth manu¬ 

facturing feparately. 
Sixthly. From thefe premifes we are alfo led to draw 

auother conclufion, extremely different from the opi¬ 

nion that is commonly entertained on this fubjeCt, viz. 
That it feems probable, that the very bell butter could 
be made with economy in thofe dairies only where the 
manufacture of cheefe is the principal objeCl. The rca- 

fons are obvious : If only a fmall portion of milk Ihould 
be fet apart for butter, all the reft may be made into 
cheefe, while it is yet warm from the cow, and perfect¬ 
ly fweet ; and if only that portion of cream which rifes 
during the firft three or four hours after milking is to 

be referved for butter, the rich milk which is left after 
that cream is feparated, being Hill perfectly fweet, may 
be converted into cheefe with as great advantage near- 

J great'ddfc"cy? and uf^lV fdU « double the price of ly ■» the newly-tnilked milk itfelf. 
frelh unfkimmed milk. It requires praftice, however, f but as it is not probable that many perfons could be 

to be able to make this nicely ; the degree of the heat .." 
of the water, and many other circumftances, greatly af- 

feCting the operation. 
Fourthly. If the quality of the butter be the chief 

objeCt attended to, it will be neceffary, not only to fe- 

parate the firft from the laft drawn milk, but alfo to 
take nothing but the cream that is firft feparated from 

the beft milk, as it is this firft rifing cre3m alone that is 
of the prime quality. The remainder of the milk, which 

will be ftill fweet, may be either employed for the pur¬ 
pofe of making fweet milk cheefes, or may be allowed 
to ftand, to throw up cream for making butter of an 

inferior quality, as circumfta-nces may dire&. 
Fifthly. From the above fads, we are enabled to 

perceive, that butter of the very beft poffible quality 
can only be obtained from a dairy of confiderable ex¬ 

tent, judicioufly managed ; for when only a fmall por- 

found who would be willing to purchafe the very fineft 
butter, made in the manner above pointed out, at a 
price that would be fufficient to indemnify the farmer 
for his trouble in making it, thefe hints are thrown out 
merely to fhew the curious in what way butter poffef- 
ling this fuperior degree of excellence may be obtained, 
if they choofe to be at the expence ; but for an ordi¬ 

nary market, Dr Anderfon is fatisfied, from experience 
and attentive obfervation, that if in general about the 
firft drawn half of the milk be feparated at each milk¬ 
ing, and the remainder only fet up for producing cream, 

and if that milk be allowed to ftand to throw up the 
whole of its cream (even till it begins fenfibly to tafte 
fourifh), and that cream be afterwards carefully mana¬ 
ged, the butter thus obtained will be of a quality great¬ 

ly iuperior to what can ufually be procured at market, 
and its quantity not confiderably lefs than if the whole 

of, 

(c) The making of cheefe has never yet been reduced to fcientific principles, and confequently the reafonmg 

relating to it is very inconclufive. It is in general fuppofed, that the goodnefs of cheefe depends almoft entirely 
upon its richnefs, by which is meant the proportion of oily matter, whether natural or extraneous, it contains; 

nothing, however, is more certain, than that this opinion is erroneous. Sometimes a very lean cheefe is much 
better tailed than one that is much fatter; and, which will appear to molt perfons full more extraordinary, it 

frequently happens that a cheefe that taftes foft and fat is much leaner than one that is hard, dry, andl facky.. 
The mode ofmanufafturing it occafions this, and not the quantity of cream it contains. It .svery poffible by 

art to make poor Ikim milk cheefe affume the foft buttery tafte and appearance even of cream cheefe. This fab- 

lea, therefore, deferves to be more particularly elucidated than it has hitherto been. 
Connefted as they are with the objea difeuffed in the text, we beg leave with our author to fuggeft the fol¬ 

lowing particulars, as proper objeas of examination and experiment, viz. Is the quantity of cafeous matter af¬ 
forded by milk neceffarily conneaed with the proportion of cream that mil* contains, or does it depend upon 

fome other principle not hitherto inveftigated ? Without pretending to decide this queft.on, Dr Anderfon feels 

liimfelf ftrongly inclined to believe it does not depend upon the quantity of cream. It is well known that cow s- 
milk, which always throws up more cream, and that of a much richer quality, than ewe-milk, does in no ca e af¬ 
ford above one-half the proportion of cheefe that ewe-milk does. Nor can this Angular tendency of ewe-milk, to 
yield a great proportion of curd, be attributed to its fuperior thicknefs ; for cow-milk can be often had that is 
thicker and richer than swe-milk, but it always affords a much smaller, proportion of curd. From tee con i 
derations, it is not impoflible but it might be found, upon a careful inveftigation, that the refufe nn > w lc^oug t 
to be feparated from the other in making the beft butter, might be equally proper, or very nearly io, or ma¬ 
king cheefe, as if no fuch feparation had been made. We therefore recommend this as a proper object ol expe^ 

rimental enquiry. 
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Duhalac. of the milk had been treated alike. This, therefore, is 

pra£lice that our author thinks moil likely to fuit 
the frugal farmer, as his butter, though of a fuperior 

quality, could be afforded at a price that would always 
enfure it a rapid fale. 

Dr Anderfon throws out many other ingenious and 

ufeful obfervations on this important branch of rural 
economy. In particular, he points out, in the plained 

% manner, the requifites of a good milk-houfe, which, as 
he truly obferves, fhould be cool in fummer and warm 

in winter, fo as to preferve a temperature nearly the 
fame throughout the year. But we have treated of 

this part of the fubjedt elfewhere, and mud therefore 
refer fuch as are delirous to know the Do&or’s fenti- 
inents on it, to The Tetters and Papers of the Bath and 

IV(jl-of England Society for the encouragement of agri¬ 
culture, &c. or to the eighth volume of The Repertory 

of Arts and Manufactures. 

D AH A LAC, the larged ifland in the Red Sea, is 
thus defcribed by Mr Bruce. It is low and even, the 
foil fixed gravel and white fand, mixed with fhells and 
other marine productions. It is deditute of all forts of 
herbage, at lead in fummer, unlefs a fmall quantity of 
bent grafs, jud fufiicient to feed the few antelopes and 
goats that are on the ifland. There is a very beautiful 

fpecies of this lad animal found here, fmall, fhort-hair- 
ed, with thin black fharp horns, having rings upon 
them, and they are very fwift of foot. 

This ifland is, in many places, covered with large 
plantations of acacia trees, which grow to no height, 
feldom above eight feet, but fpread wide, and turn flat 
at top, probably by the influence of the wind from the 

fea. Though in the neighbourhood of Abyflinia, Da- 
halac does not partake of its feafons ; no rain falls here 
from the end of March to the beginning of OCfober ; 
but in the intermediate months, efpecially December, 
January, and February, there are violent fhowers for 12 
hours at a time, which deluge the ifland, and fill the 
ciderns fo as to ferve all next fummer; for there are no 
hills nor mountains in Dahalac, and confequently no 
fprings. Thefe ciderns alone preferve the water, and 
of them there yet remain 370, all hewn out of the folid 
rock. They fay thefe were the works of the Perlians; 
it is more probable they were thofe of the flrfl Ptole¬ 

mies. But whoever were the condru&ors of thefe mag¬ 
nificent refervoirs, they were a very different people 
from thofe that now poffefs them, who have not induf- 
try enough to keep one of the 370 clear for the ufe of 
man. All of them are open to every fort of animal, 
and half full of the filth they leave there, after drinking 
and wafhing in them; yet one of thefe ciderns, cleaned 
and fhut up with a door, might afford them wholefome 
fweet water all the year over. 

After the rains fall, a prodigious quantity of grafs 
immediately fprings up; and the goats give the in¬ 

habitants milk, which in winter is the principal part of 
their fubfidence, fer they neither plow nor fow ; all 

their employment is to work the veffels which trade to 
the different parts of the coad. One half of the inha¬ 
bitants is condantly on the Arabian fide, and by their 

labour is enabled to furnifh with dora (millet or Indian 
corn) and other provifions the other half who day at 
home ; and when their time is expired, they are relieved 

by the other half, and fupplied with neceffaries in their 

turn. But the fudenance of the poorer fort is entirely 

D A H 
fhell and other nfh. Their wives and daughters are 

very bold and expert fiflterwomen. Several of them, en- 
tirely naked, fwam off to the veffel before it came to an 
anchor, begging handfuls of wheat, rice, or dora. They 

are very importunate and durdy beggars, and not eaffly 
put off with denials. Thefe miferable people, who live 

in the villages not frequented by barks from Arabia, 
are fometimes a whole year without tading bread. Yet 
fuch is the attachment to their place of nativity, they 
prefer living in this bare, barren, parched fpot, al- 

mod in want of neceffaries of every kind, efpecially of 
thefe effential ones, bread and water, to thofe pleaiant 
and plentiful countries on both fides of them. 

There are in Dahalac twelve villages or towns, of 
which each has a plantation of doorntrees round it, 
which furnifh the only manufa&ure in the ifland. The 
leaves of this tree, when dried, are of a gloffy white, 
which might very eaffly be miflaken for fattin : of thefe 

they make bafkets of furprifing beauty and neatnefs, 
ffaining part of the leaves with red or black, and work¬ 
ing them into figures very artificially. Our author knew 

fome of thefe, reiembling ftraw-bafkets, continue full of 
water tor 24 hours, without one drop coming through. 
T. hey fell thefe at Loheia and Jidda, the largeff of them 
for four corrmefh, or fixpence. This is the employment, 
or rather amuferaent, of the men who flay at home ; 

for they work but very moderately at it, and all of. 
them indeed take fpecial care not to prejudice their 
health by any kind of fatigue from indudry. 

People of the better fort, fuch as the Shekh and I119 
relations, men privileged to be idle, and never expofed 
to the fun, are of a brown complexion. But the com¬ 

mon fort employed in {idling, and thofe who go con¬ 
dantly to fea, are not indeed black but red, and little 
darker than the colour of new mahogany. 

The inhabitants of Dahalac feemed to be a fimple, 
fearful, and inoffenfive people. It is the only part of 
Africa or Arabia (call it which you pleafe) where you 
fee no one carry arms of any kind : neither gun, knife, 
nor fword, is to be feen in the hands of any one. 

Whereas at Loheia, and on all the coad of Arabia, and 
more particularly at Yamboo, every perfon goes arm¬ 
ed ; even the porters, naked and groaning under the 

weight of their burden and heat of the day, have yet a 
leather belt, in which they carry a crooked knife, fo 
mondroufly long, that it needs a particular motion and 
addrefs in walking not to lame the bearer. This was 
not always the cafe at Dahalac ; feveral of the Portu¬ 
guese, on their fird arrival here, were murdered, and 
the ifland often treated ill, in revenge, by the arma¬ 
ments of that nation. The men feemed healthy. They 
told our author they had no difeafes among them, un¬ 
lefs fometimes in fpring, when the boats of Yemen and 
Jidda bring the fmall-pox among them, and very few 
efcape with life that are infedted. He did not obferve 

among them a man that feemed to be fixtv years old ; 
from which he inferred that they are not long livers, 

though the air fhould be healthy, as being near the 
channel, and as they have the north wind all fummer, 
which moderates the heat. 

Dahalac, like all the other iflands in the Rei Sea, 
depends, upon Mafuah. The revenue of its governor 

confids in a goat brought to him monthly by each of the 

twelve villages. Every veffel that puts in there for Ma¬ 

fuah pays him alfo a pound of coffee, and every one- 

from. 
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from Arabia a dollar or pataka. No fort of fmall mo¬ 
ney is current at Dahalac, excepting Venetian glafs- 
beads, old and new, of all fizes and colours, broken and 

whole. 
Although this is the miferable (late of Dahalac at 

prefent, matters were widely different in former times. 
The pearl fifhery flourifhcd greatly here under the Pto¬ 
lemies ; and even long after, in the time of the caliphs, 
it produced a great revenue, and till the fovereigns of 
Cairo, of the prefent miferable race of flaves, began to 
withdraw themfelves from their dependency on the port, 
Dahalac was the principal ifland that furniflied the pearl 

fifhers or divers. It was, indeed, the chief port for the 
fifhery on the fouthern part of the Red Sea, as Sua- 
kem was on the north ; and the bafha of Mafuah palled 

part of every fummer here, to avoid the heat at his 

place of refidence on the continent. 
The fifhery extended from Dahalac and its iflands 

nearly to lat. 20°. The inhabited iflands furnifhed each 
a bark and fo many divers, and they were paid in wheat, 
flour, &c. fuch a portion to each bark for their ufe, 
and fo much to leave with their family for their fubfift- 
ence ; fo that a few months employment furniflied them 
-with every thing neceffary for the refl of the year. The 
fifhery was rented in later times to the bafha of Sua¬ 
kem ; but there was a place between Suakem and the 
fuppofed river Frat, in lat. 2i° 28' north, called Gun- 
gunnah, which was referved to the grand fignior in par¬ 
ticular, and a fpecial officer was appointed to receive the 
.pearls on the fpot and fend them to Conftantinople. 
The pearls found there were of the largeft fize, and in¬ 
ferior to none in water or roundnefs. Tradition fays, 
that this was exclufively the property of the Pharaohs; 
•by which is meant, in Arabian manufcripts, the old 

kings of Egypt before Mahomet. 
In the fame extent between Dahalac and Suakem 

was another very valuable fifhery, that of tortoifes, from 

which the fineft fhells of that kind were produced, and 
a great trade was carried on with the Eaft Indies (Chi¬ 
na efpecially) at little expence, and with very confider- 
able profits. But the immenfe treafures in the bottom 
of the Red Sea have now been abondoned for near 200 
years, though they never were richer in all probability 
than at prefent. No nation can now turn them to any 
pro lit but the Englifh Eaft India Company, more in¬ 
tent on multiplying the number of their enemies, and 
weakening themfelves by fpreading their inconfiderable 

force over new conquefts, than creating additional pro¬ 

fit by engaging in new articles of commerce. A fettle- 
ment upon the river Frat, which never yet has belong¬ 
ed to any one but wandering Arabs, would open them 

a market both for coarfe and fine goods from the fouth¬ 
ern frontiers of Morocco, to Congo and Angola, and 

fet the commerce of pearls and tortoife fhell on foot 
again. All this feCtion of the gulf from Suez, as we are 
told, is in their charter, and twenty ffiips might be 
employed on the Red Sea without any violation of ter¬ 
ritorial claims. The myhrrh, the frankincenfe, fome 

cinnamon, and variety of drugs, are all in the pofief- 
fion of the weak king of Adel; an ufurper, tyrant, and 
Pag^n, without protection, and willing to trade with 
any luperior power that only would fecure him a mifer- 
^able livelihood. 

There are jjeither horfes, dogs, fheep, cows, nor any 

fort of quadruped but goats, affes, a few hatf-ftarved 

camels, and antelopes at Dahalac, which laft are very Da?rym- 
numerous. The inhabitants have no knowledge of fire- t P*e 
arms, and there are no dogs nor beads of prey in the 
ifland to kill them; they catch indeed fome few of them 
in traps. 

1 The language at Dahalac is that of the fheplierds, 
though Arabic, too, is fpoken by moft of them. Our 

author ftates the latitude of Dahalac to lie between 15^ 
27' 30", and 150 54' 30' north. 

DALRYMPLE (Sir David), was born in Edin¬ 
burgh on the 2*th of OClober (N. S.) 1726. His 
father was Sir James Dalrymple of Hailes, Bart, and 
his mother Lady Chriftian Hamilton, a daughter of 
the Earl of Hadinton. His grandfather Sir David 
Dalrymple was the youngeft fon of the firft Lord Stair, 
and is faid to liave been the ableft of that family, fo 
much diftinguifhed for ability. He was Lord Advo¬ 
cate for Scotland in the reign of George I. and his fon 
Sir James had the auditorfhip of the exchequer for 

life. 
The fubjeCt of this memoir was educated at Eton 

fcliool, where he was diftinguifhed as a fcholar, and long 
remembered as a virtuous and orderly youth. In that 
juftly celebrated feminary he acquired a elaffical tafte, 
which, though it was once prevalent in Scotland, has 
in that country been long on the decline ; and formed, 
befides, friendfhips to perfons and attachments to things, 
which accompanied him through life. Hence probably 
fprung his partiality to Engliih manners and cuftoms, 
which marked both his public conduct and private con- 

verfatiou, and was the fource of much of hia dignity, 
and fome of his littleneffes. 

From Eton he returned to Edinburgh, whence, after 

the ufual courfe of a gentleman’s ftudies in that univer- 
fity, he went to Utrecht to ftudy the civil law ; and 
remained there till after the rebellion in 1746. Upon 
his return to his native country, fo promifing were his 
parts, and fuch his induftry and fobernefs of mind, that 
very fanguine expectations were entertained of his fu¬ 
ture eminence; and in fome refpeCts thefe expectations 
were not fruftrated. To his intimate friends it was 
well known, that if left to follow the bent of his own 
inclinations, he would have devoted his time and his 
talents to the ftudy of antiquities and the belles lettres; 
in both which departments of literature he was emi¬ 
nently qualified to excel. On the death of his father, 
however, he found his affairs fo very much encumbered, 
that in order to retrieve them, and to provide for his 

brothers and fillers, he refolved to follow the law as a 
profeffion, in which fome of his anceftors had made a 

diftinguifhed figure. 
He was called to the Scotch bar in 1748, where, 

notvvithftanding the elega.it propriety of the cafes which 
he drew, it mult be confeffed that his fuccefs did not 
anfwer the expectations which had been formed of him. 
This was not owing either to want of fcience or to 
want of induftry, but to certain peculiarities, which, if 
not inherent in his nature, were the refult of early and 
deep-rooted habits. He poffeffed on all occafions a fo- 
vereign contempt, not only for verbal antithefis, but 

for well rounded periods,' and every thing which had 
the femblance of declamation; and indeed he was whol¬ 

ly unfitted by an ill toned voice and ungraceful elocu¬ 
tion, for fhining as an orator. No wonder, then, 

that his pleadings, which were never addreffed to the 
paffions. 



DAL [ 479 ] DAL 
jDalrym* paffions, did not rival thofe of fame of his opponents, 

who, poflcffed of great rhetorical powers, did not, like 
~ * him, employ ftrokes of irony too fine to be perceived 

by the bulk of any audience, but exprefied themfelves 
in full, clear, and harmonious periods. Even his memo¬ 
rials, though claflically written, and often replete with 
valuable matter, did not on every occafion pleafe the 
court ; for they were always brief, and fometimes, as it 
was faid, indicated more attention to the minutiae of 
forms than to the merits of the caufe. Yet on points 
which touched his own feelings, or the interefts of truth 

and virtue, his language was animated, his arguments 
forcible, and his fcrupulons regard to form thrown afide. 

He was fometimes employed as a depute advocate, 
which gave him opportunities at the circuits of difplay- 
ing that candour and tendernefs of difpofition which fo 

well becomes the public profecutor in a criminal court. 
Of this the following inftance may be worth relating. 
On the firft day of the court at Stirling, he was once 

accofted by another advocate in thefe words : “ Sir 
David, why is there not a trial this forenoon ? J would 
be getting on.” “ There are (replied he) fome unhappy 
culprits to be tried for their lives ; and therefore it is 
proper that they have time to confer with their men of 
law.” “ That is of little confequence (faid the other). 
Laft year I came to vifit Eord Karnes when he was 
here on the circuit, and he appointed me counfel for a 
man accufed of a rape. Though I had very little time 
to prepare, yet I made a decent fpeech.” “ Pray, Sir, 
(faid Sir David), was your client acquitted or con¬ 
demned ?” “ O (replied the other), moft unjuftly con¬ 
demned.” “ That, Sir, (faid the depute advocate) is 
no good argument for hurrying on trials.” 

To return from this digre/fion, if it be confidered as 
fuch, it is furely to the honour of Sir David Dalrymple, 
that whatever men thought of his fingularities, his de¬ 
tractors concurred with his admirers in believing him 
incapable of milleading the judge by a falfe llatemeut of 
fadts; or his clients, by holding out to them fallacious 
grounds of hope. 

His high fenfe of honour, and his inflexible integri¬ 
ty, were indeed univerfally admitted ; and it was with 
the warmelt approbation of the public, that in 1766 he 
was appointed one of the judges of the court of feffion, 
the highell civil tribunal in Scotland. He took his 
feat on the bench, according to the ufage of that court, 
by the title of Lord Hailes, the defignation by which 
he is generally known among the learned of Europe ; 
and the expectations entertained of him were again fan- 
guine. His unwearied afiiduity in fifting dark and in¬ 
tricate matters to the bottom was well known ; his ele¬ 
gant and concife manner of exprefling his fentiments 
was admirably fuited to the character of a judge ; and 
his legal opinions had been generally found. Yet it 
mull: be confeffed, that as a judge he was neither fo ufe- 
ful nor fo highly revered as he ought to have been from 

the extent of his knowledge, and his unqueftioned in¬ 
tegrity. The fame minute attention to forms, which- 
had in fome degree obftrudled his rife at the bar, ac¬ 

companied him to the bench, and brought upon him Da’rym- 

the ridicule of the wits about the court (a) : and we ^ pie. 

all know, that the character even of Socrates himfelf v 
was not able to refill the torrent of ridicule. In exte¬ 

nuation of this foible, it may be obferved, that by fome 
of the judges of the court of feffion perhaps too little 
regard has been paid to form ; and that forms, even ap¬ 
parently trifling, cannot in legal proceedings be wholly 

difregarded without involving in danger truth and juf- 
tice. Be this as it may, fucli was the opinion which 
the other judges entertained of Lord Hailes’s accuracy, 
diligence, and dignified manners, that, in the abfence of 
the prefident, they generally voted him into the vacant 
chair. 

In May 1776 he was appointed one of the lords 
commiffioners of judiciary; and in that flation he com¬ 
manded the refped of all mankind. Fully impreffed 
w ith a deep fenfe of the importance of his office, he 
feemed, in the criminal court, to lay afide his fingulari¬ 
ties. So far from throwing his whole weight into the 
fcale of the crown, a charge which has been fometimes 
brought, we believe unjuftly, againft the Scotch judges, 
Lord Hailes, like the judges of England, was always 
counfel for the prifoner when the king's counfel appear¬ 
ed too flrong for their opponents, or when there was 
any particular intricacy in the cafe. In adminiftering 
the oath to the witneffes, he had none of that indeco¬ 
rum which we have elfewhere cenfured in fome of his 
brethren (fee Oath, Encycl.); but riling folemnly from 
his feat, he repeated the words in fo ferious a manner, 
as left no doubt in the moft profligate mind but that 
he was himfelf imprefled with a fenfe of the immediate 
prefence of the Supreme Being, and with the firm be¬ 
lief of a future judgment. When the witnefs appeared 
to be young or ignorant, we have beheld, with the ut- 
moft love and veneration, the pious pains which his 
Lordfhip took to. difeoven whether he was duly ac¬ 
quainted with the nature and obligation of an oath, be¬ 
fore he admitted him to fvvear; and though it is per¬ 
haps impoffible for human vigilance and fagacity to pre¬ 
vent perjury altogether in courts of juftic*, he inuft 
furely have been a villain uncommonly hardened and art¬ 
ful who could perjure himfelf in the prefence of Lord 
Hailes. In doubtful cafes his Lordfhip inclined always' 
to the fide of mercy; but when it became his duty to 
pafsjentence of death upon convidled criminals, he ad- 
dreffed them in a ftrain of fuch piety and commifera- 
tion, as to draw tears from the eyes of every beholder, 
and was calculated to make a deep and proper impref- 
fion on the unhappy perfon himfelf. In the difeharge 
of this painful duty, we never favv him furpafled, and 
have feldom feen him equalled. 

Had Lord Hailes been confpicuous only as a found 
lawyer and an able and upright judge, we fliould not 
have thought his life intitled to a place in this Work ; 
but he was no lefs eminent as a man of general erudi¬ 
tion, and as a voluminous author. His /kill in claffical 

learning, the belles lettres, and hiftorical antiquities*., 
efpecially thofe of his own country, is univerfally admit- 

_ ted 

(a) In a fatirical ballad on the court of feffion, Mr Bofwell, alluding to Lord Hailes’s fondnefs for verbal cri— 
£icifm, makes him addrefs the prefident in the following words: 

To judge of this matter 1 cannot pretend, 

For juftice, my Lord, wants an e at the end. 
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Dahym. ted ; but it cannot be denied, that the fame faftidiouf- 

P!<~ nefs, and the fame miorofcopic attention to minutiae, 
which chara&erifed him as a barrifler, prevented him 
from riflng to that rank in the republic of letters to 
which his learning and genius would otherwife have in¬ 

fallibly carried him. But if he was not one of the moll 
celebrated writers of the age, he was unquedionably one 

of the moil virtuous ; if his publications were not al¬ 
ways edifying, they were at lead innocent and ingeni¬ 
ous ; and fome of them are in the highed degree valu¬ 
able. In proof of this affertion, we need indance only 

his Annals of Scotland\ and his Inquiry into the Seconda¬ 
ry Caufes which Mr Gibbon has ajfgned for the Rapid 
Progrefs of Chrijlianity. Of the former of thefe works, 
though little calculated to pllafe the common herd of 
readers, it may with truth be faid, that in refearch and 
ingenuity it (lands unrivalled among the writings of 
Scotch antiquaries ; and of the latter, it is furely not 
too much to fay, that it difplays uncommon acumen, 
elofenefs of reasoning, and zeal for the caufe of truth, 
without the ufual rancour of theological controverfy. 

His tafle for retirement, which the (late of his af¬ 
fairs rendered for a while necefiary, grew upon him as 
he advanced in years. His conilitution, of which he 
was very careful, as well as his principles and habits, ren¬ 
dered him averfe from difiipation of every kind. After 
he was made a judge, he conlidered abllradlion from 
the gay and fafhionable world as connected with the 
duty of one whole time was no longer his own ; and 
when he chofe to unbend his mind, it was in the focie- 
ty of a few eafy friends, whom lie feledled as much for 
their worth and good humour as for their genius or 
their learning. He had indeed occalionally much con¬ 
vention with that conftellation of wdts and men of 
fcience who floiirifhed in Edinburgh at the fame period 
with himfelf; but it was impoffible for friendfnip or in¬ 

timacy to fubfift between men who thought fo diffe¬ 
rently as he and they thought on the moft important of 

all fnbje&s. Though an old-fafhioned whig, zealoully 
attached to the conditution, he fcorned to take any 
fhare in the civil or ecclefiallical broils in which fome 
of his brother judges were warmly engaged for the find 
20 years of the prefent reign ; for he looked on thefe 

as either frivolous or mifehievous. 
Although hi*3 Lordfhip’s conilitution had been long 

in an enfeebled date, he profecuted his dudies, and at¬ 

tended his duty on the bench, till within three days of 
his death, which happened on the 29th of November 

j 792, in the 66th year of his age. 
His Lordlhip was twice married ; by his fird wife 

Anne Brown, only daughter of Lord Coaldon, one of 

the judges of the court of feffion, he left ilfue one 
daughter, who inherits the family edate, His fecond 
marriage (of which alfo their is ilfue one daughter) was 
to Helen Fergnlfon, younged daughter of Lord lvilker- 
ran, who has the affii&ion to furvive him. Leaving 

no male ilfue, the title of Baronet defeends to his ne¬ 

phew. 
Though the church of Scotland does not much en¬ 

courage funeral difeourfes, a very laudable endeavour 
was made to render the talents and virtues of Lord 
Hailes a theme of indrudlion to mankind, in a fermon 
preached foon after his death in the church of Inverelk, 
by his learned friend and venerable pador Dr Carlyle ; 

from which we lhall tranferibe a fummary view of his Dalrym- 
chara&er as a judge, a fcholar, a Chridian, and a citi- P|e* 
zen. 

iC His knowledge of the laws was accurate and pro¬ 
found, and he applied it in judgment with the mod 
fcrupulous integrity. In his proceedings in the crimi¬ 
nal court, the fatisfadlion he gave to the public could 
not be furpalfed. His abhorrence of crimes, his tender- 

nefs for the criminals, his refpedl for the laws, and his 
reverential awe of the Omnifcient Judge, infpired him 
on fome occafions with a commanding fublimity of 
thought, and a feeling folemnity of expredion, that 
made condemnation feem jud as the doom of Provi¬ 
dence to the criminals themfelves, and raifed a falutary 
horror of crimes in the bread of the audience. 

u Confcious of the dignity and importance of the 

high office he held, he never departed from the deco¬ 
rum that becomes that reverend character ; which in¬ 
deed it cod him no effort to Cupport, becaufe he adled 
from principle and fentiment, both public and private. 
Affectionate to his family and relations, limple and mild 
in his manners, pure and confcientious in his morals, en¬ 
lightened and entertaining in his converfation ; he left 

fociety only to regret, that, devoted as he was to more 
important employments, he had fo little time to fpare 

for intercourfe with them. 
“ He was well known to be of high rank in the re¬ 

public of letters, and his lofs will be deeply felt through 
many of her departments. His labours, in illuilration of 
the hidory of his country, and many other works of 

profound erudition, remain as monuments of his accurate 
and faithful refearch for materials, and his found judge¬ 
ment in the feledlion of them. Of his unfeigned piety 
and devotion, you have very often been witneffes where 
we now are. I mud add, however, that his attendance 

on religious ordinances was not merely out of 1 efpedl to 
the laws and for the fake of example (motives which 
ffiould never fail to have influence on perfons of fuperior 

rank, for the mod obvious reafons), but from principle 
and convidlion, and the mod confcientious regard to his 
duty ; for he not only pra&ifed all the virtues and cha¬ 
rities in proof of his faith, but he demondrated the lin- 
cerity of his zeal by the uncommon pains he took to 
illudrate primitive Chridianity, and by his elaborate 

and able defences of it againd its enemies. 
u His profound refearches into hidory, and his tho¬ 

rough knowledge of the laws, made him perfedlly ac¬ 
quainted with the progrefs of the conditution of Bri¬ 

tain, from the lird dawn of liberty in the common law 
of the land, and the trial by jury which precede all 
written records, and afterwards in the origin and eda- 
blilhment of parliaments, through all its viciditudes and 
dangers, till at lad, by the bleffiug of divine Providence, 

which brought many wonderful events to concur to the 

fame end, it was renewed, (Lengthened, and finally con¬ 
firmed by the Revolution. 

“ It was this goodly and venerable fabric of the Bri- 
tilh conditution which the deceafed moll refpe&able 
charadler contemplated with admiration and delight (of 

late, indeed, with a mixture of anxiety and fear), as 

the temple of piety, as the genuine fource of greater 
happinefs and freedom, to a larger portion of mankind 

than ever flowed from any government upon earth. 

“ Ill indeed can the times bear the lofs of fuch an 
affe&ionate 
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affe&ionate patript and able guardian of the laws of his 

. country. But we mull not murmur at the will of Pro¬ 
vidence, which in its mercy 4 may have withdrawn the 
good man from the evil to come.’ In mercy, I fay, 

to him, whofe righteous fpirit was/fo deeply grieved 
when 4 he faw the wicked rage, and the people imagine 
a vain thing.” 

Such is the memorial which, in the hour of recent 
forrow, followed this excellent man to the grave ; and 
we believe it will yet be allowed to be juft by all who 

had the happinefs of his Lordfflip’s acquaintance, and are 
what he was, friends to the heft interefts of mankind. 

This lketch of the life of Lord Hailes would be more 
imperfeft than even it is, if we could not fubjoin to it 

a catalogue of his publications, of whiQli the greater 
part are exceedingly curious. We call them publica¬ 
tions, becaufe he employed almoft as much of his time 
in republifhing old and lifeful books as in preparing for 
the prefs his own valuable works. 

Betides his eflays in the papers called The World and 
The Mirror, which are well known and univerfally ad¬ 
mired, his Lordftup pubhfhed the following works : 

Sacred Poems, or a Colledion of Tranflations and 
Paraphrafes from the Holy Scriptures ; by various au- 
thors, Edinburgh, 1751, 1 2mo. Dedicated to Charles 
Lord Hope, with a preface of ten pages. 

The Wifdom of Solomon, Wifdom of Jefus the Son 
of Siracli, or Ecelefiafticus, i2mo, Edin. 1755. 

Seleft Difcourfes (in number nine), by John Smith, 
late Fellow of Queen’s College, Cambridge, umo, 
291 pages. Edin. 1756; with a preface of five pages, 
“ many quotations from the learned languages traufla- 

and notes added, containing allufions to ancient 
mythology, and to the erroneous philofophy which pre- 
vailed in the days of the author,—various inaccuracies 
of llyle have been correaed, and harih expreflions foft- 
ened.” 

A difcourfe of the unnatural and vile Confpiracy 
attempted by John Earl of Gowry and his brother, 
again ft his Majefty’s perfon, at St Johnftoun, upon the 

5th of Aug. 1600. No date of the republication, but 
the edition and notes fuppofed by Lord Hailes, izmo, 

x 75 7* 
A Sermon, which might have been preached in Eaft 

Lothian upon the 25th day of O&ober 1761, on Ads 
xxvni. 1, 2. 44 The barbarous people fhewed us no 
little kindnefs.,, Edin. 1761, pp. 25, i2mo. “ Oc- 
caiioned by the country people pillaging the wreck of 
two veffels, viz. the Betfy, Cunningham, and the Leith 
Packet, Pitcairn, from London to Leith, caft away on 
the fhore between Dunbar and North Berwick. All 
the paflengers on board the former, in number 17, pe. 
rifhed ; five on board the latter, O&ober 16. _ 

A moft affe&ing difcourfe, admirably calculated to con- 
vince the offenders ! 

Memorials and Letters relating to the Hiftory of 
Britain, in the reign of James 1. publilhed from the 

originals, Glafgow, 1762.—AddrelTed to Philip Yorke, 
Vacount Royfton, pp. 151. “ From a colle&ion in 
the advocate’s library, by Balfour of Denmyln.” The 
preface of four pages, figned Dav, Dalrymple. 

The works of the ever memorable Mr John Hales 
of Eaton, now firft colleaed together in 3 vols, Glaf. 

I"!'.’. r7^5 5 preface of three pages. Dedicated to 
William (Warburton), Biihop of Gloucefter. The 

Svtri. Vol. I. Part II. 
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edition faid to be undertaken with his approbation ; 

obfolete yvords altered, with corre&ions in fpelling and 
pun&uation.” 

A fpecimen of a book entitled “ Ane Compendious 
Booke of Godly and Spiritual Sangs, colle&it out of 
fundrie parts of the Scripture, with fuiidrie of other Bal- 

lates changed out of prophaine Sanges, for avoydirig of 
Sin and Harlotrie, with augmentation of fundry Glide 
and Godly Ballates, not contained in the firft edition. 

Edinburgh, printed by Andro Hart.” i2mo. Edin. 

17^5> PP* 42 > with a Gloftary of four pages. 
Memorials and Letters relating to the Hiftory of 

Britain in the reign of Charles I. published from the 
originals, Glafgow, 1766, pp. 189. Preface of fix 
pages, figned Dav. Dalrymple, chiefly colleaed by Mr 
Wodrow, author of the Hiftory of the Church of Scot¬ 
land Infcribed to Robert Dundas of Arniftoii, Lord 
Prefident of the Court of Sefiion. 

An account of the prefervation of Charles II. after 
the. Battle of Worcefter, drawn up by himfelf; to 

which are added, his Letters to feveral perfons. Glaf- 
gow, 1766, pp. 190, from the MSS. of Mr Pepys, dic¬ 
tated to him by the king himfelf, and communicated by 

Dr Sandby, mafter of Magdalen College. The letters 
are colleaed from various books ; fome of them now 

nrft publilhed, communicated by the tutors of the Duke 
of Plamilton, by the Earl of Dundonald, See. The 

preface of four pages, figned Dav. Dalrymple, dedica- 

ted to Thomas Holies, Duke of Newcaftle, chancellor 
ot the umverfity of Cambridge. 

The Secret Correfpondence between Sir Robert Ce- 
cil and James VI. i2mo, 1766. 

A catalogue of the Lords of Seffion, from the In. 
ftitution of the College of Juftice in the year im 

with Hiftoncal Notes. Suum unique— rependet pnjlerttas. 
Edin. 17ft7, 4to, pp. 26. 

The Private Correfpondence of Dr Francis Attcr- 
bury, Biihop of Rochefter, and his friends, in 172c, ne¬ 

ver before publilhed. Printed in 1 768, 4to. Adver- 

““"‘’/P' 2-. Letters, pp. IO, A fac fimile of 
the firft from Biihop Atterbury to John Cameron of 
Lochiel, to prove their authenticity. 

An examination of fome of the Arguments for the 
High Antiquity of Regiam Mojejlatem; and an In. 
quiry into the authenticity of the Leges Malcolmi ; by 

SirrihT^ dalrymple, 4to, pp. y2. Edin. t769. 
Hiftoncal Memoirs concerning the Provincial Coun- 

cils of the Scottilli Clergy, from the earlieft Accounts 
to the TEra of the Reformation ; by Sir David Di>- 
rymple. Edinburgh, ,769, 4to, pp. 4.1. —Nota, Ha- 

vmg no high opinion of the popularity of his writings, 
he prefixes to this work the following motto • “ Si de 

leaamur quum feribimus quis eft tarn invidus qui ah eo 
nos abducat ; ? fin laboramus quis eft qui alieme inodum 
ltatuat induftrisc. —Cicero. 

Canons of the church of Scotland, drawn up in th* 
Provincial Councils held at Perth, A. D. 1242, and 
1269. Edinburgh, 1769, 4to, pp. 48. 

Ancient Scottilh Poems, publilhed from the MS of 
George Bannatyne, 1568. Edin. 1770, i2mo. Pre- 
face fix pages; Poems pp. 22. ; very curious notes 

PP;, 9‘ ’ gloflary an4 lifts of palfages and words not 
uiiderftood, pp. 14. 

The additional cafe of Elizabeth, claiming the title 
and dignity of Countefs of Sutherland ; by her Guar- 

3 L diaus. 
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dians. Wherein the fads and arguments in fupport of undoubted, 

her claim are more fully Hated, and the eirois in t le 
additional cafes for the other claimants are 'detected, 
4to._This Angularly learned and able cafe was iub- 
fcribed by Alexander Wedderburn (prefent Lord Chan¬ 

cellor), and Sir Adam Ferguflbn, but is the well-known 
work of Lord Hailes. It ought not to be regarded 
merely as a law-paper of great ability, but as a treatife 
of profound refearch into the hiftory and antiquity ot 
many Important and general points of fucccffion and 

family hiftory. Introduction, pp. 21 ; the firft four 

chapters pp. 70 ; the fifth and fixth chapters pp. 177/ 
Remarks on the Hiftory of Scotland, by Sir David 

Dalrymple.—“ Utinam tam facile vera invenire poffem 

quam falfa convincere.” Cicero.—Edin. 1773» infctibed 
to George Lord Lyttleton, in nine chapters, pp. 284. 

X2mo. . 
Huberti Langueti Epiftolae ad Philippum Sydneiuin 

Equitem Anglum, accurante D. Dalrymple de Hailes, 
Eq. Edinburgh, 1776, 8vo. Infcribed to Lord Chief 
Baron Smythe.—Virorum Eruditorum* Teftimonia de 

Langueto, pp. 7. Epiftolae, pp. 289* Index Nominum, 

PPArinals of Scotland, from the Acceffion of Malcolm 
III. furnamed Canmore, to the Acceffion of Robert I. 

by Sir David Dalrymple. Edin. 1776, pp. 311. Ap- 

pendix, pp. 51. 
Tables of the Succeflion of the Kings of Scotland, 

from Malcolm III. to Robert I. their marriages, chil¬ 

dren, and time of their death ; and alfo of the Kings 
of England and France, and of the Popes who were 

their contemporaries. * 
Chronological Abridgement of the Volume, pp. 3C-'* 

The Appendix contains eight difiertations : 1. Of the 

law of Evenus and Mercheta Mulierum, pp. 1 7. 2. A 
commentary on the 22d ftatute of William the Lion, 

pp. 8. 3. Of the 18th ftatute of Alexander III. pp. 5. 

4. Bull of Pope Innocent IV. pp. 6. 5. Of Walter 

Stewart Earl of Menteeth, 1296, pp. 7. 6. Of MhDuff, 

flain at Falkirk in 1298, pp. 3. 7. Of the death of 

John Comyn, 10th February, 1305, pp. 4* 
the origin of the houfe of Stuart, pp. 6. 

Annals of Scotland, from the Acceffion of Robert I. 

furnamed Bruce, to the Acceffion of the Houfe of 
Stuart; by Sir David Dalrymple, Edin. 1779, 4to, 

pp. 277. Appendix, pp. 54, containing, 1. Of the 
manner of the death of Marjory, daughter of Robert I. 
pp. 7. 2. Journal of the campaign of Edward III. 
1327, pp. 9. 3. Of the genealogy of the family of 
Seton in the 14th century. 4. Lift of the Scottifh 
commanders at the battle of Ilallidon, 19th Ju*y 1383* 
pp. ir. ^.Whether Edward III. put to deatji the 

fon of Sir Alexander Seton, pp. 8. 6. Lift of the 
Scottifh commanders killed or made prifoners at the 

battle of Durham, pp. 8. 7- Table .of kinSs> P* lm 
8. Corrections and additions to volume i. pp. 16. Chro¬ 

nological abridgement of the volume, pp. 39. 
Account of the Martyrs of Smyrna and Lyons, in 

the 2d century, i2mo,v with explanatory notes, l^din. 

1776. Dedicated to Bifhop Hurd, pp. 68. Notes and 
iilullrations, pp. 142. This 13 a new and correCI ver- 
fion of two molt ancient epiftles, the one from the church 
at Smyrna to the church at Philadelphia ; the other 
from the Chriftians at Vienna and Lyons to thofe in 
Afia and Phrygia—their antiquity and authenticity are 

DAL 
,_ Great part of both is extradled from Eu- 

febius’s Ecclefiaftical Hiftory. The former was firft 
completely edited by Archbiihop Ufher. The author 

of the notes fays of them, with his ufual and fingular 
piodefty, “ That they will afford little new or intereft- 
ing to men of erudition, though they may prove of 

fome benefit to the unlearned reader.” But the eru¬ 
dition he poffeffed in thefe branches is Vo rare, that this 

notice is unneceffary. They difplay much ufeful learn¬ 
ing and ingenious criticifm, and breathe the moil ardent 
zeal, conne&ed with an exemplary knowledge of Chri- 

ftianity. N. B. This is the firft volume of the remains 

of Chriftian Antiquity. 
Remains of Chriftian Antiquity, with explanatory 

notes, vol. ii. Edin. 1778, nmo, Dedicated to Dr 
Newton bifhop of Briftol. Preface, pp. 7. This vo¬ 
lume contains the trial of Juftin Martyr and his com¬ 

panions, pp. 8. Epittle of Dionyfius bifhop of Alex¬ 

andria, to Fabius bifhop of Antioch, pp. 16. The- 
trial and execution of Cyprian bifhop of Carthage, pp. 
8. The trial and execution of Fru&uofus bifiiop of 

Tarracona in Spain, and of his two deacons, Augurius 

and Eulogius, pp. 8. The maiden of Antioch, pp. 2. 
Thefe are all newly tranflated by Lord Hailes from Run 

Eufebius, Ambroie, &c. The notes and illuftra- 
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tions of this volume extend from p. 47 to 165, and 
difplay a moft intimate acquaintance, with antiquity, 
great critical acumen, both in elucidating the fenfe and 
detecting interpolations ; and above all, a fervent and 
enlightened zeal, in vindicating fuch fentiments and 
condud as are conformable to the word of God, againfl 

the malicious ftircafms of Mr Gibbon. To this volume 
is added an Appendix of pp. 22, corre&ing and vindica¬ 

ting certain parts of vol. i. , .. 
Remains of Chriftian Antiquity, vol. m. Edin. 1780. 

Dedicated to Thomas Balguy, D. D. Preface, pp. 2. 

It contains the Hiftory of the martyrs of Paleftine m 
the third century, tranflated from Eufebius, pp. 94. 
Notes and illuftrations, pp. 135 ; m which Mr Gibbon 
a^ain comes, and more frequently, under review. lhe 
partiality and mifreprefentations of this popular writer 

are here expofed in the calmeft and moft fatisfaciory 

manner. , , 
Pity it is that Lord Hailes fhould have printed and 

publifhed thefe valuable volumes, and indeed moft of 
his other works, at his own expence ; and difperfed 

them fo liberally to his friends, that they have been 

little circulated among any other. . . 
O&avius, a Dialogue, by Marcus Mmucius bdix. 

Edin. 1781, pp. 16. Preface.—The fpeakers are, Coe- 

cilius a Heathen, O&avius a Chriftian ; whofe argu¬ 

ments prevail with his friend to renounce Pagamfrn and 

become a Chriftian profelyte. Notes and illuftrations, 

PPOf2tlie Manner in which the Perfecutors died ; a 

Treatife, by L. C. F. Ladantius, Edin. 1782. In¬ 
fcribed to Dr Porteous bifhop of Chefter (prefent bi- 
fliop of London). Preface, pp. 37, in which it is pro¬ 

ved that La&antius is the author. Text, pp. 125* 

Notes and illuftrations, pp. 109. § 
L. C. F. Ladtantii Divinarum Inftitutionum Liber 

Quintus fen de Juftitia, 1777. t . 
Difquifitions concerning the Antiquity of the C «- 

ftian Church. Glafgow,. 1783. In^bfd . V 

lifax bifhop of Gloucefter, pp. 194-—This l orlgl~ 

■a 
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Dalrym- nal and mod excellent work confifls of fix chapters. 

Chap 1. A commentary on the conduct and character 

of Gallio. A6fs xviii. 5, 12, 17.—Chap. 2. Of the 
time at which the Chridian religion became publicly 

known at Rome.—Chap. 3. Caufe of the perfection 

of the Chriftians under Nero. I11 this the hypothecs 
of Mr Gibbon, vol. i. 4to, p. 641, is examined.— 

Chap. 4. Of the eminent Heathen writers who are 
faid ^by Gibbon) to have disregarded or contemned 

Chridianity, viz. Seneca, Pliny fen. Tacitus, Pliny jun. 
Galen, Epitletus, Plutareli, Marcus Antoninus. To 

the admirers of Heathen, philofophers, and to thofe ef- 
pecially who date betweeu them and the Chridian doc¬ 

trine any confanguinity, this chapter is earneilly recom¬ 
mended.—Chap. 5. Illuflratiou of a conjecture by Gib¬ 
bon, refpedting the filence of Dio Caffius concerning 

the Chriitians. In this chapter, with extreme impar¬ 
tiality, he amplifies and Supports an idea of Mr Gibbon 
on this head. Chap. 6. Of the circumftances refpeCl- 
ing Chridianity that are to be found in the Auguitari 

hidory. 
It feems very probable that the clofe attention which 

Lord Hailes appears to have given to fuch fubjeds, was 
in forne meafure the effe&of the midakes and partiality 
of Gibbon. In no one work from 1776, the date of 
Mr Gibbon’s fird publication, has he omitted to trace 
this unfair and iniinuating author; but in 1786 he 
came forth of fet purpofe with the mod able and for¬ 
midable reply which he has received, intitled, “ An 
Inquiry into the Secondary Caufes which Mr Gibbon 
has afligned for the rapid growth of Chridianity ; by 
Sir David Dalrymple.” Edin. 1786; gratefully and 
affcdlionately infcribed to Richard (Hurd) Bilhop of 
Worceder, 4to, pp. 213. In five chapters. 

Sketch of the Life of John Barclay, 4to, 1786. 
Sketch of the Life of John Hamilton, a Secular 

Pried, 4to (one of the mod favage and bigotted adhe¬ 
rents of Popery, who lived about A. D. 1600.) 

Sketch of the Life of Sir James Ramfay, a general 
officer in the armies of Gudavus Adolphus king of 
Sweden, with a head. 

Life of George Leffie (an eminent capuchin friar in 
the‘early part of the 17th century, 4to, pp. 24. 

Sketch of the Life of Mark Alex. Boyd, 4to. 
Thefe lives were written and publifhed as a fpecimen 

of the manner in which a Biographia Scotica might be 

executed ; and it is likely that Lord Hailes fele&ed 
purpofely the lead intereding. 

The Opinions of Sarah Dutchefs Dowager of Marl¬ 
borough, publifhed from her original MSS. 1788, 
i2mo, pp. 120. (with a few foot notes by Lord Hailes, 
in which lie corrects the fplenetic partiality of her 
Grace). 

The Addrefsof Q. Sept. Tertullian to Scapula Ter- 
tullus, Proconful of Africa, tranflated by Sir David 

Dalrymple, i2mo. Edin. 1790, infcribed to Dr John 
Butler, bifliop of Hereford ; preface, pp. 4 ; transla¬ 

tion, pp. j8 ; original, pp. 13 ; notes and illudrations, 

PP* 135- . . , 
This addrefs contains many particulars relating to 

the church after the third century. The tranffator has 

rejected all words and phrafes of French origin, and Datrym* 
written entirely in the Anglo Saxon dialed. In the P*e> 
courfe of the notes many obfcurities of the original, not 1)aicy‘ 
adverted to by other commentators, are explained. 
Some drange inaccuracies of Mr Gibbon are alfo de¬ 

tected, not included in the mifreprefentations of his two 
famous chapters. 

This was the lad work of this truly learned, refped- 
able, and ufefnl man. Whether he left behind him any 

thing elfe finilhed for the prels, is known only to his 

friends. We have repeatedly heard that he was enga¬ 
ged in examining the authenticity of'the books of'the 

New Teftament, and that, with the exception of two 
or three, he found every verfc contained in it in the 

writings of the fird three centuries. This feems in¬ 
deed to have been an objed in all his works ; for, at 

the end of each of his tranffations and editions of the 
primitive Chridian writers, a table is given of paffages 
quoted or mentioned by them. If his Lorddiip com¬ 
pleted any work of this kind, it ffiould not be with¬ 

held from the public. We may indeed be told that its 
utility is in a great meafure fuperfeded by the laborious 
colledions of Lardner (b), and the more elegant work 
of Paley (c) ; but not to mention the prejudices gene¬ 
rally entertained againd Lardner on account of his evi¬ 
dent bias to Unitarianifm, it would Purely be proper, in 
the prefent age of wild opinions, to fhew the multitude, 

who are guided by authority, how important a fubjed 
the Chridian religion was deemed by this learned and 
accomplished layman. 

DARCY (Count), an ingenious philofopher and ma¬ 
thematician, was born in Ireland in the year 17 75 ; but 
his friends being, like many other great and good families 
at that period, attached to the houie of Stuart, he was at 
14 years of age fent to France, where lie fpent the itit of 
his life. Giving early indications of a genius tor ieience, 
he was put under the care of the celebrated Clairaut 
(fee Clairaut, Eticycl ), under whole tuition he im¬ 
proved fo rapidly in the mathematics, that at 17 years 
of age he gave a new folntion t)f the problem concern¬ 
ing the curve of equal preflure in a redding medium. 

This was followed the year after by a determination of 
the curve described by a heavy body, Hiding by its own 
weight along a moveable plane, at the fame time that 
the preffure of the body caules a hoiizontal motion ill 
the plane. 

Though Darcy ferved in the war of 1744, he found 
leifuie, during the budle of a military life, to fend two 

memoirs to the academy : the fird of thefe contained a 
general principle in mechanics, that of the prefervation 
of the rotatory motion ; a principle which he again 

brought forward in 1750, by the name of the principle 
of the prefervation of adtion. He was taken prifcner 
in this war by the Englifh ; and fuch was either the 
refped paid to fcience, or the mercy of the cabinet of 
St James’s, that he was treated, not as an Irifh rebel, 
but as a French fubjeft fighting for his king and his 
country. 

In 1760, Darcy publifhed An Efiay on Artillery, 

containing fome curious experiments on the charges of* 
gunpowder, &c. Scc. and improvements on thofe of the 

3 P 2 ingenious 

(b) See his Credibility of the Gofpel Hiflory, and other works, in n vols 8vo. 

(c) See his Evidences of the Chriftian Religion, in 2 vols 8vo. 
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Darcy, ingenious Robins ; a kind of experiments which our au- 
Data. thor carried on occafionally to the end of his life, in 

-*- 376c, he gave to the public the moft ingenious of all 
his works, his Memoir on the Duration of the Senfa- 
tion of Sight ; in which he endeavours to prove, and 
indeed completely proves, that a body may fometimes 

pafs by our eyes without producing a fcnfation attend¬ 
ed with confcioufnefs or marking its prefence, other- 
wife than by weakening the brightnefs of the objc6; 
which it may chance to cover in its paffage. If in 
this work he fhall be thought to have taken hints from 
Dr Hanley, it is not perhaps too much to fay, that 
fome of our moft celebrated writers on vifion have fince 
been beholden to Darcy. No man indeed has c<iufe to 
be a0lamed of being indebted to him ; for all his works 

<1 if pi ay in an eminent degree the union of genius and 
philofcphy ; but as he meafured every tiling upon the 
largefl fcale, and required extreme accuracy in experi¬ 
ment, neither his time, fortune, nor avocations, allow¬ 

ed him to execute more than a very {mall part of what 

he projected. . 
In his difpofition, Darcy was amiable, fpmted, live¬ 

ly, and a lover of independence ; a paffion to which he 

nobly facrificed, even in the midft of literary fociety.— 
He died of a cholera morbus in 1779* at 54 years of 
age. He was admitted of the French academy in 1749, 
and was made penfioner-geometrician 111 177^* His 

eiTays, printed in the Memoirs of the Academy of Sci¬ 

ences, are various and very ingenious, and are contained 

in the volumes for the years 1742, *747’ *749» I75°>' 

1751, 1752, i753» *754’ *758, i759> ll6°> J7^5> and 
in tom. 1. of the Savans Etrangers. 

DATA of Euclid, the firft in order of the books 

that have been written by the ancient geometricians, to 
facilitate and promote the method of refolution or ana- 

lyUs. In general, a thing is faid to be given which is 
either aCtually exhibited or can be found out, that is, 
which is either known by hypothecs, or that can be 
demonflrated to be known : and the propofitions in the 
book of Euclid’s data fhew what things can be found 
out or known, from thofe that by hypothefis are already 
known : fo that in the analyfis or inveftigation of a 

problem, from the things that are laid down as given 
or known, by the help of thefe propofitions, it is de- 
monltrated that other things are given, and from thefe 

laft that others again are given, and fo on, till it is de- 
Hionllrated that that which was propofed to be found 
out in the problem is given; and when this is done, the 
problem is folved, and its compofition is made and de¬ 
rived from the compofitions of the data which were em¬ 

ployed in the analyfis. And thus the data of Euclid 
are of the mod general and neceflary ufe in the folution 

of problems of every kind. 
Marinus, at the end of his preface to the data, is 

miftaken in averting that Euclid has not.ufed the fyn- 

thetical, but the analytical method in delivering them : 
for though in the analyfis of a theorem, the thing to 
be demonflirated is aflumed in the analyfis ; yet in the 
demonfi; rations of the data, the thing to be demonftra- 
ted, which is, that fomething is given, is never once af- 
fumed in the demonflration ; from which it is manifeft, 
that every one of them is demonftrated fynthitically : 
though indeed if a propofition of the data be turned 

into a problem, the demonflration of the propofition be- 

D E N 
Simpfon’s Preface to 

called alfo recurring 

comes the analyfis of the problem. 

hie Edition of the Data. 
Circulating DECIMALS, - — . 

or repeating decimals, are thofe in which a figure or feve- v 
ral figures are continually repeated. They are diflin- 
guifhed into fugle and multiple, and thefe again into pure 

and mixed. 
A pure fngle circulate is that in which one figure 

only is repeated ; as *222, 'See. and is marked thus *2. 
A pure multiple circulate is that in which feveral fi¬ 

gures are continually repeated ; 35*232323, &c. marked 

•23 ; and *524524, &c. marked *524. 
A mixed fngle circulate is that which confifts of a 

terminate part, and a fingle repeating figure; as 4*222, 

&c. or 4*2. And 
A mixed multiple circulate is that which contains a 

terminate part with feveral repeating figures; as 
That part of the circulate which repeats is called the 

repetend; and the whole repetend, fuppofed infinitely 
continued, is equal to a vulgar fra&ion, whole numera¬ 
tor is the repeating number or figures, and its denomi¬ 

nator the fame number of nines : fo .2 is = £ ; and *23 

is nr ; and *524 is = 
It feems it was Dr Wallis who firfl diftin&Jy confi- 

dered or treated of infinite circulating decimals, as he 
himfelf informs us in his Treatife of infinites. Since 
his time many other authors have treated on this part 
of arithmetic ; the principal of thefe, however, to whom 
the art is moftly indebted, are MefTrs Brown, Cunn, 
Martin, Emerfon, Malcolm, Donn, and Henry Clarke ; 
in whole writings the nature and praCtice of this art 

may be fully feen, efpecially in the laft mentioned inge¬ 

nious author. 
DEFERENS, or Deferent, in the ancient agro¬ 

nomy, an imaginary circle, which, as it were, carries 

about the body of a planet, arid is the fame with the 
eccentric ; being invented to account for the eccentri¬ 

city, perigee, and apogee of the planets. 
DEFLECTION, the turning any thing afide from 

its former courfe by fome adventitious or external caufe. 
The word is often applied to the tendency of a fhrp 
from her true courfe by reafon of currents, &c. which 
turn her out of her right way. It is likewife applied 
by aflronomers to the tendency of the planets from the 
line of their projection, or the tangent of their orbit. 

See Astronomy in this Supplement. 
DEJECTION, in aflrology, is applied to the planets 

when in their detriment, as aftrologers fpeak, i. e. when 

they'- have loft their force or influence, as is pretended, 
by reafon of their being in oppofition to fome others 

which check and counteract them. Or it is ufed when 
a planet is in a fign oppofite to that in which it has its 
greatefl effeCt or influence, which is called its exaltation. 
Thus, the fign Aries being the exaltation of the fun, 

the oppofite fign Libra is its dejeCtion. 
DELIACAL Problem,a celebrated problem among 

the ancients, concerning the duplication of the cube. 
DEMI-Bastion, in fortification, a baftion that has 

only one face and one flank. 
DENDROMETER, in its ufual acceptation, is the 

name of an inflrument for meafuring trees, of which 
the reader will find a defeription in the Encyclopaedia 
Britannica. The fame name has been lately given, by 

Decimals 
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William Pitt, Efq; of Pendeford near Wolverhamp- 
^ ton, to an inftrument propofed by him for meafuring 

didances by one obfervation. 

The idea of fuch an inftrument is not new. It has 
been frequently difcufTed, both in converfation and upon 
paper; but has been generally treated by found mathe¬ 

maticians with contempt, on the fuppofition of its be¬ 
ing founded on falfe principles. Of all this our author 
is fully aware ; but he, notwithftanding, ftrongly re¬ 

commends it to the attention of the ingenious mathe¬ 
matical inftrument maker. 

To determine didances by one obfervation, two me¬ 
thods may be propofed, founded on different principles; 
the one on the fuppofition of the obferver being in the 
centre, and the objed in the circumference, of a circle ; 
the other, on the contrary fuppofition, of the obferver 

being in the circumference, and the objed in the 
centre. 

To determine the diftance of any objed on the firfl 
fuppofition, the bulk or dimenfions of fuch object muff 
be known, either by meafure or eftimation, and the an¬ 
gle formed by lines drawn to its extremities being ta¬ 
ken by an accurate inftrument, the diftance is eafily cal¬ 
culated ; and fuch calculations may be facilitated by 
tables or theorems adapted to that purpofe. For this 
method our prefent inftruments, with a nonius, and the 
whole very accurately divided, are fufficient ; the only 
improvement wanting feems to be the application of a 
micrometer to fuch inftruments, to enable the obferver 
to read Ins angle with mote minute accuracy, by afeer- 
taining, not only the degrees and parts of a degree, but 
alfo the minutes and parts of a minute. 

As in this method the bulk of inacceffible objeds 
can only be eftimated, the error in diftance will be ex¬ 
actly in the proportion of the error in fuch eftimation ; 

little dependence can therefore be placed on diftances 
thus afeertained. For the purpofes of furveying, in¬ 
deed, a ftaff of known length may be held by an affift- 

ant ; and the angle from the eye of the obferver to its 
two ends being meafured by an accurate inftrument, 
with a micrometer fitted to afeertain minutes and parts 

of a minute, diftances may be thus determined with 
great accuracy ; the application of a micrometer to the 
theodelite, if it could be depended upon, for thus deter¬ 
mining the minute parts of a degree, in fmall angles, is 
very much a defideratum with the pradical furveyor. 

This method of meafuring diftances, though* plain 
and fimple enough, our author illuftrates by an example : 
Suppofe A, fig. i. (fee Plate XXI.) the place of the 
inftrument ; BC the afiiftant’s ftaff, with a perpendicu¬ 
lar pin at D, to enable the affiftant to hold it in its 
right pofition ; now, if the angle BAC could, by the 
help of a micrometer, be afeertained to parts of a mi¬ 
nute, the diftance from A to B, or to.C, might be eaii- 

ly calculated by the rules of plane Trigonometry ; 
for which fee that article in the Encyclopedia. 

But this method of afeertaining diftances cannot be 
applied to inacceffible objeds, and it is moreover fub- 
jed to the inconvenience of an affiftant being obliged 
to go to the objed whofe diftance is required (an in¬ 
convenience almoft equal to the trouble of adual ad- 
meafurement) ; therefore the perfedion of the fecond 

method propofed, if attainable, is principally to be de¬ 
fied ; namely, that of conceiving the obfervation made 

©u the circumference of a circle, whofe centre is in the 
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objed whofe diftance is to be afeertained ; and, none of Dendro- 

our inftruments now in ufe being adapted to this mode ( metcr* 
of obfervation, a new conftrudion of a mathematical in¬ 
ftrument is therefore propofed, the name intended for 
which is the dendrometer. 

Our author admits, that this name is not now ufed 
for the fir ft time, though he thinks that the principle 
has never been applied in pradice, for the familiar pur¬ 
pofe of afeertaining terreftricil diftances, in furveying, 

or otherwife, though the fame principle has been fo ge¬ 
nerally and fuccefsfully applied in determining the dif¬ 

tance of the heavenly bodies by means of their parallax. 
The following principles of conftrudion are propo¬ 

fed, which may perhaps be otherwife varied and impro¬ 

ved. O, fig. 2. the objed of whofe diftance is requi¬ 
red ; ABODE the inftrument in piano; BC a tele- 
fcope, placed exadly parallel to the fide AE ; CE an 
arch of a circle, whofe centre is at A, accurately divi¬ 
ded from E in degrees, &c. ; AD an index, moveable 
on the centre A, with a nonius fcale at the end D, 

graduated to apply to the divifions of the arch ; alfo 
with a telefcope, to enable' the obferver to diferiminate 
the objed, or any particular part or fide thereof, the 
more accurately. The whole fhould be mounted on 
three legs, in the manner of a plain table or theodolite, 

and furnifhed with fpirit-tubes to adjuft it to an ho¬ 
rizontal pofition. The inftrument being placed in fuch 
pofition, the telefcope BC muft be brought upon the 

objed O, or rather upon fome particular point or fide 
thereof; when, being there faftened, the index AD 
muft be moved till its telefcope exadly ftrikes the fame 

point of the objed ; then the divifions oh the <*rcli EI> 
mark out the angle DAE, which will be exadly equal 
to the angle BOA, as is demonftrated in the XV.. 
and XXIX. propoiitions of Euclid, Book I. ; and the 
fide BA, as well as the angles ABO, and BAO, being, 

already known, the diftance BO or AO may be eafilyt 
determined^ 

As the perfedion of this inftrument depends altoge¬ 
ther upon its accuracy in taking fmall angles, fo that 
accuracy muft depend, not only upon the inftrument^ 
being properly fitted with a micrometer, but alfo in 
fome meafure upon the length of the line BA in the 
figure. That line, therefore, might be extended, by 
the inftrument being conftruded to fold or hide out to 
a greater length when in ufe ; upon which principle, 
conneded with the application of a micrometer, an ac¬ 
curate and ufeful inftrument might certainly be con¬ 

ftruded. To adjuft fucli inftrument for ufe, let a ftaff 
be held up at a diftance, in the manner of fig. i. exact¬ 
ly equal m length to the diftance of the two telefcopes, 
and the index AD being brought exadly upon the fide 
AT, if the two telefcopes accurately ftrike either end 
of the ftafr, the inftrument is properly adjufted. 

. The conftrudion of a fimilar inftrument, on the prin¬ 
ciples of Hadley’s quadrant, for naval obfervations, 
would alfo doubtlefs be an acceptable objed in navi- 
gation, by enabling the mariner to afeertain the dif¬ 
tances of fliips, capes, and other objeds, at a lingle ob- 

fervation ; and that, perhaps, with greater accuracy 
than can be done by any method now in ufe. 

For this purpofe, the following conftrudion is pro- 
pofed : ABODE, fig, 3. the inftrument in piano ; O 

the objed whofe diftance is required ; at A, at C, at 

E, and at 3, are to be fixed fpeculums, properly fra¬ 

med 
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med and fitted, that at 3 having only its lower part 
quickfilvered, the upper part being left tranfparent to 
view the objedl; the fpeculum at A being fixed oblique- 

ily, fo that a line A 1, drawn perpendicular to its fur- 

face, may bifeft the angle BAC in equal parts ; that 
at C being perpendicular to the line C 2 ; thofe at E 
and 3 being perpendicular to the index E 3, and that 

at E being furniffied with a fight; the arch DC to be 
divided from D in the manner of Hadley’s quadrant ; 

the movement of the index to be meafured as before by 
a micrometer ; and as the length of the line AE would 
tend to the perfe&ion of the inftrument, it may be con- 

firu&ed to fold up in the middle, on the line C 2, into 
lefs compafs when not in ufe. The inftrument may 
be adjufted for ufe by holding up a ftaff at a diftance, 

as before propofed, whofe length is exa&ly equal to the 

line AE. 
To make an obfervation by this inftrument, it being 

previoufly properly adjufted, the eye is to be applied at 
the fight in the fpeculum E, and the face turned to¬ 
wards the object; when the objeft being received on 
the fpeculum A, is refledted into that at C, and again 

into that at £, and that at 3 on the index ; the index 
being then moved till the rdlc&ed obje& in the fpecu- 
lum at 3 exadlly coincides with the real objedl in the 
tranfparent part of the glafs, the divifions on the arch 

D 3, fubdivided by the micrometer, will determine the 
angle DE 3 = the angle AOE ; from which the dif¬ 

tance O may be determined as before. 
DENOMINATOR of a Ratio is the quotient 

arifing from the divifion of the antecedent by the con- 
fequent. Thus, 6 is the denominator of the ratio 30 

to 5, becaufe 30 divided by 5 gives 6. It is otherwife 

called the exponent of the ratio. 
DEPRESSION of a Star, or of the Sun, is its 

diftance below the horizon ; and is meafured by an arc 
of a vertical circle, intercepted between the horizon and 

the place of the ftar. 
Depression of the Vlfihle Horizon, or Dip of the Ho¬ 

rizon, denotes its finking or dipping below the true 
horizontal plane, by the obferver’s eye being raifed 
above the furface of the fea ; in confequence of which, 
the obferved altitude of an odjeft is by fo much too 

great. 
DEROOBUST, in Bengal, Entire; as an entire 

diftridt, oppofed to Kismut, which fee, 
DESAULT (Peter Jofeph), furgeon in chief to 

the Hofpital of Humanity, formerly the Hotel-Dieu at 

Paris, was born on the 6th of February 1744 Mag- 
fiy Veruois, a village in the neighbourhood of Lure, in 
the department of Haute ,Saone (formerly the pro¬ 

vince of Franche ComteJ. His father and mother were 
in that fituation of life which is removed from want, 
and yet does not difpenfe with labour; he himftlf was 

the youngeft child of a numerous family. 
At Lure, under the dire&ion of a private inftrwJftor, 

he was tauglit'the firit rudiments of the Latin tongue ; 
his parents afterwards confided him to the care of the 
Jefuits, then almoft exclulively entrufted with the edu¬ 
cation of youth in the public fchools. This celebrated 
fociety, prompt in difcovering, as expert at developing, 
and adroit in appropriating talents, foon diftinguifhed 
the young ftudent from the crowd ; and he, in his turn, 

was not difpleafed with the life he led in one of their 

feminaries. 

D E s 
On the completion of his ftudies, his father, who had Default, 

deftined him for the church, intimated a wifh that he 

fhould apply himfelf to theology ; but his genius had 
taken a different dire&ion, and he was averfe to the 
profeflion of an ecclefiaftic : in ihort, young Default 
declared that he was determined to betake himfelf to 
the ftudy of the healing art; and, after a long and in- 

effedlual refiftance on the part of his family, he was fent 
to Befort, in order to ferve an apprenticeJJnp, as it was 
then termed, in the military hofpital of that place. He 

accordingly fpent three years there ; during which he 
acquired fome knowledge of anatomy, attended to the 
dreffmg of the patients, and endeavoured to fupply, by 

his own obfervations, what was wanting in his inftruc- 
tion. 

Iu the midft of thefe profeffional labours, his mind 

frequently rambled towards another fcience but little 
connected with forgery : this was mathematics, the 
elements of which he had acquired among the Jefuits. 

His progrefs in this favourite ftudy was rapid ; but he 
fell into one of the many errors fo common among the 

phyficians of that day ; this con filled in a falfe applica¬ 
tion of the rules of geometry to the laws of the animal 
economy. 

He not only peril fed with avidity the treatife of Bo- 

relli De Motu Animalium, but adlually tranfiated the 
whole of it, and even added a commentary, (till more 
abundant in calculation than that of the celebrated pro- 

feffor of Naples. 
His fuccefs in a branch of phyfiology fo much culti¬ 

vated at that time, attrafted the attention of one of his 
fuperiors, a zealous partizan of the dodlrine of the me¬ 

chanicians, who wifhed to attach him to his perfon; but 
his defire of fame required a more extenlive theatre, and 

his love of ftudy made him folicitous of better means of 
inttru&ion. Parisprefented both theft advantages; and 

he accordingly repaired thither in 1764, at the age of 
nineteen, in fearch of them. 

Surgery at that period flourifhed in the capital under 
the aufpices of a Lafaye, a Morand, an Andouillet, and 
a Louis. The fight of fuch great mailers excited the 
genius of thofe who afpired to emulate them : young 
Default deemed himfelf worthy of equalling men whom 

other ftudents were content with only admiring. Ani¬ 
mated by this fentiment, he entirely refigned himfelf to 
his ardour; anatomy became the fpecial objeft of his 

labours, and his diffedlions were not confined to the hu¬ 
man body, for he inveftigated, by means of his knife, a 
prodigious number of animals of all kinds : at firft, 
from a difficulty of procuring human fubje&s, and af¬ 

terwards on account of the advantages which he expe¬ 
rienced from this general method. In order to become 
intimately acquainted with our own organization, it is 
nee diary to compare it with whatever has a refemblancc 

to it in other bodies. 
He accordingly fpent the greater part of the day in 

the amphitheatres. The hours ftolen from his favou¬ 
rite labours were employed in attending the hofpitals ; 
he was the firft at the bed of the patient where an ope¬ 
ration was to be performed, and was fure to be prefent 

at the dreffings, on purpofe to examine the refult. The 

infirmities of mankind, fterile in refped to the vulgar, 
ferved him as the beft treatife for curing them ; and 

the great furgeons of all nations have formed their mode 

of pra&ice by contemplating the fame book. 
But 
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Default. But he reckoned too much on a robuft and vigorous 
-—v-'temperament ; for, after two-years clofe and affiduous 

application, he fell into a cacheCtical habit of body, 

which had nearly proved mortal, and which confined 
him for almoft twelve months to his bed ; but at length, 

owing partly to the vigour of his youth, and partly to 
the attention of his young friend Chopart, his infepar- 
able companion in bis operations, who attended him al- 

fo during his lali illnefs, and only furvived him a few 

days, he was fo fortunate as to recover. 
Reftored to life, he forgot that an excefs of atten¬ 

tion had conducted him to the very gates of death ; a 

new career opened to his view, and required new ef¬ 
forts on his part. In the winter of 1766 he commen¬ 

ced a courfe of anatomy, and foon reckoned 300 pupils, 
mod of them older than hirnfelf, who were attracted by 
the clearnefs of his demonftrations, the methodical ar¬ 

rangement of his deferiptions, and, above all,'by his in¬ 
defatigable zeal in the Science of inftruCtion. 

His fuccefs infpired the privileged profeftors, whole 
fchools became deferted, with jealoufy and revenge ; 
they employed the authority of the corporation againft 
him, and would have nipped his efforts in the bud, had 
it not been for the protection of Louis and Lamarti- 
niere, who were zealous of protecting a youth of ta¬ 
lents, wbofe foie reproach was, that he had not wealth 
enough to purchafe certain franchifes. After all, had 
it not been for the permifiion he obtained of borrowing 

the name of a celebrated phyfician, he mull have actu¬ 
ally defifted from his leCtures. 

Default’s reputation now began to be buzzed about, 
and a multitude of patients claimed his affiflance ; but 
he conftantly refufeftto praCtife until he fhould be pla¬ 
ced at the head of fome great eflahlifhment. 

At length, at the repeated folicitations of his friends, 
he prefented himfelf as a candidate to the corporation 
of furgeons; and they, much to their honour, admitted 

him in 177b, on condition of paying the ufual fees 
when convenient. The following is the title of his the¬ 
fts : “ De calculo vefica urinaria, eoque extra hendo, pra- 
via fe Eli one, ope injirumenti Haukenjiani emendati” 

His public le&ures were accompanied with as much 
celebrity as his private ones. Brilliant difeoveries were 
not the objeCt of his anatomical labours, which were al¬ 
ways connected with the art of healing : lie was, how¬ 
ever, the firft man in France who taught furgical ana¬ 
tomy. 

After becoming firft a fimple member, and then a 
counfellor, of the perpetual committee of the academy 

of furgery, he was appointed chief furgeon to the hofi 
pital of the college, and confulting furgeon to that of 
St Sulpicc : neither of thefe added any thing to his 
fortune, but they gave him a clear infight into practice, 

and enabled him to judge of cafes by the inductions 
arifing from his own experience. 

In 1779 he invented the bandage now in ufe for Default. 

fraCtures; by means of which, the fragments being kept y— 

in a ftate of perpetual contact, become confolidated, 

without the leaft appearance of deformity, an almoft in¬ 

evitable confequence of the former mode. 
On his appointment to the place of furgeon major 

to the hofpital de la Charite, in 1782, he introduced a 
new method of treatment in oblique fractures of the 
thigh-bone ; and lie alfo healed, by means of a metho¬ 

dical comprefiion, thofe various ulcers whofe cure had 
•hitherto been attended with great difficulty. In addi¬ 
tion to this, he fubftituted new bandages in fra£lures of- 

the humerus and clavicle, and adopted a new mode of 
treating the hare-lip, fnperior to that ufed by Louis. 
He never recurred to amputation but in extreme cafes, 
when there was a certainty that difiolution would have 
followed a negleCl of the operation. 

When a premature death carried off Ferrand,* chief 
furgeon of the Hotel Dieu in Paris, Default was con- 
fidered as the molt proper perfon to fucceed him ; and, 

on the demife of Moreau, the whole charge of the hof¬ 
pital devolved on him. After three years of folicita¬ 
tions and difputes, he at length in 1788 proceeded in 
his long proje&ed fcheme of eftablifning a clinical feliool; 
and a fpacious amphitheatre was accordingly ereCted for 
that purpofe. Scarcely had his firft (a) courfe com¬ 
menced, when the number of pupils who flocked around 

him was really aftonifhing. Foreigners repaired from all 
parts, and fevcral of the neighbouring ftates fent ftu- 

dents to Paris, exprefsly for the purpofe of afnfting at 
his demonftrations. More than 600 auditors conftant¬ 
ly attended, in order to learn a new fyftem, con lifting 

of a fimple mode of treatment, difengaged frqm ancient 
prejudices, and a complex incoherent practice. 

A few of his improvements are here fpecified. 
t. The method of ligature employed by the ancients 

in the cure of umbilical hernias of children, having been 
generally omitted in the praCtice of the moderns, he 
again introduced and perfected this mode, and demon- 

ftrated, by his fuccefs, its fuperiority over compreflive 
bandages. 

2. He was one of the firft men in France to extradt 
the loofe cartilages (cartilages Jlotlans) in joints. 

3. Fie employed a new treatment, that of a methodi¬ 

cal comprefiion, in refpeCt to fchirrolities of the reCtum; 
in order to which he introduced a candle or bougie,, 
the fize of whice he gradually augmented. 

4. He fimplified, Und rendered more commodious, the 
reduction of luxations of the humerus. 

3. Fatal experience having pointed out the danger of 
employing the trepan in wounds of the head, he fubfti¬ 

tuted another method of treatment (P ufage de I’ctne- 
tique) now adopted by many practitioners. 

6. He made feveral very ufeful improvements on chi- 
rurgical inftruments ; fueh as thofe employed in the 

cafes 

(a) The bufinefs of the day was conducted in the following routine : 1. A public confutation concerning 

the indigent out-patients. 2. The young practitioners belonging to the hofpital read a detailed account of all 
the interefting cafes of fuch patients as were to be difeharged that day. 3. The operations : each of thefe was 

preceded by a difiertation on the ftate of the patient, who was then carried to the amphitheatre, where Default, 

attended by bis afliftants, performed the operation in prefence of all the pupils. 4. Argumentative details, by 
the profeftor, either on the dangerous maladies exifting in the hofpital, or on the fituation of the patients on 

whom operations had been performed during the preceding day. 5. The difleCtion of fubjeCts. And, 6. A 
le&ure on fome particular branch of pathology. 
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Def alt, cafes of polypus in the womb and noftrils (la pince a 

* ^ ga trie et des porte-nceuds pour Id ligature des polypes, &c. ;) 
for cutting through obflrudlions in the different cavi¬ 

ties (le hi 0 tome) ; and for the ffjlula in ano. I11 cafes of 
incifion he introduced the ufe of the inflrument (le gor- 
geret) invented by Marchetti, well known among fo¬ 
reigners, but almoft totally negle£led in France before 

this period. 
He at the fame time retrenched the ufe of a great 

number of fuperfluous ones, and banifhed all pra&ices 
attended with greater pain than utility. Avoiding eve-* 
ry thing that was complex, lie proved that the art of 
healing, in imitation of nature, ought to be fimple in 

its means, and fruitful in its refources. 
In 1791 he publifhed his Journal de Chirurgerie, 

which was edited by his pupils, and deftined to defcribe 
the mofl mterefting occurrences in his fchool, and alfo 
extracts from his lectures, which were then dedicated 
to the invefligation of the maladies incident to the uri¬ 

nary paflages. The treatment of thefe difeafes, hither¬ 
to the reproach of pra&itioners, had been much impro¬ 
ved by the afliftance of the artift Bernard. The elaftic 
probes (les fandes elajliques)> on their firft appearance, 
fixed the attention of all profefiional men ; but none 
knew better than Default how to appretiate their ad¬ 
vantages. By means of them, he introduced a novel 

mode of cure in contractions of the urethra, which faved 
a great number of lives every year in the Hotel-Dieu. 
But he did not confine their ufe to the difeafes of the 
urethra alone, for he employed them to remove the di¬ 
vers obflacles that impede deglutition or refpiration. 

In the midfl of fuch a multiplicity of labours, and 
although he was obliged to attend 400 fick twice a- 
day, Default neverthelefs employed more than four hours 

of his time in viiiting private patients. 
Few furgeons ever enjoyed fuch an exclufive fhare of 

public confidence ; few ever pofTeffed fimilar means of 
enriching themfelves ; and yet he negle&ed for a long 

time to take advantage of this. Had he been lefs ar¬ 
dent for glory, he would have been more favoured by 

fortune ; but he facrificed all interefled views to the 
noble ambition of advancing his art. His clinical and 
anatomical courfes were gratuitoufly opened by him to 

the world after the year 1790; and while the public 
fchools languifhed in the midfl of troubles, infeparable 
perhaps from a mighty revolution, lie was forming the 

greater part of thofe furgeons employed at this prefent 

moment in the numerous armies of the republic. Con- 
fidered under this point of view alone, the fervices 

which he rendered to humanity are incalculable : too 
happy if perfecution had not been his foie reward ! 

While out of mere attachment to the public weal, he 
added to his various functions that of a member of the 

council of health, conferred on him in *792 by the 
minifler Servan, he was denounced in the popular focie- 

ties as an egotift, an indifferent, 8cc. and became one of 
the firft victims of that profcription which, under Robe- 
fpierre, extended to nearly every man of talents. 

Chaumette accufed him to the fedions as having ne 
gleCted the brave men wounded on the 10th of Augufl, 
while they themfelves were lavifhing their bleflings at 
the Hotel-Dieu on their faviour. Twice was he brought 
to the bar of a commune ; defirous of difcovering a pre¬ 

text for perfecution, the clamours of the people were 

unremittingly excited againfl him. He was at length* 
carried away from his amphitheatre, while in the very 

a& of haranguing his pupils; and, in confequence of a u 
mandat d\irr 't from the revolutionary committee, con¬ 
duced by a body of armed men to the Luxembourg. 

From this horrid prifon few ever departed but to meet 
their fate ; luckily, however, his name was not yet en¬ 

tered on that bloody lift, in which thofe of Malelherbes 
and Lavoificr were inferted. On the contrary, at the 

end of three days he was liberated, and inftantly refu- 
med all his funCions. 

On the ellablifhment of VEcolede Sante, Default 
was appointed clinical profeftbr ; and for external mala¬ 
dies he foon after obtained from the government the 

converfion of the Eveche into an hofpital for furgical 
operations. 

In the midft of thefe plans, the troubles that occur¬ 

red in the month of May unfortunately affeCted his 
mind, and made him dread left the days of profcription 
ftiould return. It was in vain that his friends attempted 
to foothe his fufferings ; for on the night of the 29th 
of May, a malignant fever made its appearance, and a 
nearly continual delirium enfued until his death, which 

occurred on the ift of June 1795, on which day hs 
breathed his laft, in the arms of his pupils, at the age 
of 51. 

The populace were perfuaded that he was poifonetL 
This ridiculous opinion originated in confequence of the 
epoch of his death, which preceded but a {hort time that 
of the fon of Louis XVI. whom he had vifited during 
his illnefs in the prifon of the Temple* It is pretended 
that he fell a viCim to his conftant refufal to yield to the 
criminal views entertained againfl the life of that child'. 

Default was of a middling ftature. He was well pro¬ 
portioned, and poftefled an open countenance. His 
temperament, naturally robufl, had been fortified by his 

early education, and was never Tapped by an excefs of 

pleafures, for to them his heart was always indifferent* 
His ruling pafiion was the love of glory ; his favourite 
purfuit, the pra&ice and advancement of his art. He 
was warm, nay fometimes violent; and his fcholars were 
not always inclined to praife the fweetnefs of his tem¬ 
per. On the other hand,'his mind was noble, elevated, 
and great, even to excefs. 

The French republic, eager to pay homage to his 
memory, has prefented his widow with a penfion of 2000 

livres per annum. A fon, Alexis Mathias Default, was 
the foie fruit of his marriage ; and he lias left but one 
work behind him, in which the name of his friend Cho- 
part is joined with his own. It is entitled Traite des 

Maladies Chirurgicales et des Operations qui leur convien- 
nent, 2 vols Kvo. 

DETERMINATE problem, is that which has 
but one folution, or a certain limited number of folu- 

tions ; in contradiftin&ion to an indeterminate problem, 
which admits of infinite folutions. 

Determinate Section, the name of a tra& or general 
problem, written by the ancient geometrician Apollo¬ 
nius. None of this work has come down to us, ex¬ 
cepting fome extra£ls and an account of it by Pappus, 

in the Preface to the 7th book of his Mathematical 
Colle&ions. He there fays that the general problem 
was, u To cut an infinite right line in one point fo, 
that, of the fegments contained between the point of 

fc&iou 

Default, 
Determi¬ 

nate. 
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fefu'o'n fought, and given points in the faicl line, either 
the fquare on one of them, or the rectangle contained 
by two of them, may have a given ratio, either to the 
redtangle contained by one of them and a given line, or 
to the redtangle contained by two of them.” 

DETONATION (fee that word EticycL). The 
aftonifhing violence with which the oxy-muriat of pot- 

afs, when mixed with various fubftances, detonates, lias 
been already noticed in this Supplement under the ar¬ 

ticle Chemistry, n° 722, where the theory of thefe 
explohons is likewife given. But as feveral chemifts 
feem to think that this fait, which decrepitates by fric¬ 
tion, and fpontaneoufly takes fire when mixed with ful- 
'phur, contains in itfelf the elements and phenomena of 
thunder, it will not probably be unacceptable to our 
readers to. find, in this place, a diftindt account of the 

various mixtures which produce its detonations. The 
following are the principal which have been difeovered 
by Fourcroy and Vauquelin. 

1. Three parts of the oxy-muriu of potafs, and one 
part of powdered fulphur, rubbed together in a metal 

mortar, produce numerous fuceeflfive explolions, refem- 
bling the fmacking of a whip, or even as loud as the re¬ 
port of a piftol or a mufket, according to the rapidity 
of the motion, and the force of the prefTurc made ufe 
of. A few grains of the fame mixture, by being ftruck 
fmartly upon an anvil with a hammer, occafion a report 

equal to that of a mufket ; and torrents of purplifh 
bght are. feen about the anvil. If this mixture be 

thrown into concentrated fulphuric acid, it inftantly 
takes fire, and burns, without noife, with a flame of a 
dazzling wbitenefs. 

2. A mixture of three parts of this fait, half a part 
of uilphur, and half a part of charcoal, caufes flronger 
explofiorjs than the. preceding when rubbed in a mor¬ 
tar, and a louder noife when fir tick upon an anvil. Its 

flame alfo, when the mixture is made to explode, or 

when it is thrown into fulphuric acid, is more rapid, 
more lively, and of a redder colour, than that of the 
preceding. 

3. A.mixture of equal parts of oxy-muriat of potafs 
and antimony in powder explodes with noife by per- 
cuflion ; but produces only reddifh fparks when thrown 

into fulphuric acid.. If zinc be fubftftuted in the place 
of antimony, a.fimilar explofion takes place, accompa¬ 
nied with a white flame. Sulphuric acid has no effeft 
upon this lafi mixture. 

. 4- With regulus of arfenic, this fait explodes very 
violently by the flroke of a hammer ; it inflames, with 
lingular rapidity and brilliancy, by the conta& of ful¬ 
phuric acid. In this lafi: experiment there arifes a fmoke 
which in the air takes the form of a crown, in the fame 
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Inflames fpontaneoufly in a fiill atmofphere. 

5. Sulphuret of iron or martial pyrites inflames rapid- 
w* kllt without noife, when rubbed in a metal mortar 
with oxy-muriat of potafs. This mixture, when ftruck 
upon an anvil, explodes violently, and with a red flame. 

6. Ihe red fulphuret of mercury or cinnabar, and 
the fulphurated calces of antimony, explode with the 

oxy-muriat of potafs by percuftion, but they do not in¬ 
flame by fulphuric acid. The fame thing happens when 
charcoal alone is mixed with this fait. 

Any of the following fubftances, namely, fugar, gums, 
SuppL. Vol. I, Part II. 

ons (both fixed and volatile), alcohol, ether, when mix¬ 

ed with oxy-muriat of potafs, have the property of ex- 
ploding very violently by the ftroke of a hammer, and n. J1 
all of them fend forth a brifk flame at the time of their ,Diabetes* 

explofion. The liquid eombuftible fubftances above 
mentioned are to be mixed with the fait in fnrh a man¬ 
ner as to form a kind of pafte. None of thefe mixture 

explode or inflame by being rubbed in k mortar; but 
iomeof them inflame by being mixed with concentra- 
ted lulphune acid, their combuftiou being flow and r;*o- 
greflive. 1 

8. All the fubftances above mentioned, which, being 

mixed with the oxy-muriat of potafs, take fire and burn 
inftantly, and with confiderable noife, by the quick pref- 
fure of the ftrokes of a hammer, produce a much ftrono- 
er explofion \yhen they are fo clofely wrapped up in pa- 
per, twr. or three times doubled, as to be thereby com- 
prefled before they are ftruck. 

9. An eleftric Ihock from a battery of large furface, 
charged by a ftrong ele&ric machine, caufes all the fore- 
mentioned mixtures to explode in the fame manner as 

percumon, and their explofion is alfo accompanied bv a 
bright light. ; 

. To tIle abovt: mentioned faaS, the authors add, that 
U was already well known that gunpowder would ex¬ 
plode by a violent blow, or very ftrong prefliire : but 

they obferve, that the ftroke which is neceftary for that 

purpofe muft be much ftronger than that which fuffices 

to produce an explofion in the above-mentioned mix¬ 
tures of eombuftible fubftances with the oxy-muriat 
ot potafs ; and that its explofion is by no means lb re¬ 

markable as that which is produced by the help of this 
new fait. r 

DEWAN, under the Mogul government, the recei¬ 
ver general and civic governor of a province : in private 
life a iteward. 1 

. i^EWANNY, the revenue department of a pro¬ 
vince. r 

DIABETES Mellitus (fee Medicine, n° 318, 

Sic. Encycl.), is fo formidable a difeafe, though not 
very frequent, that it would be unpardonable in us not 

to menu m every method of treating it fuccefsfully ' 
which has come to our knowledge. Since our article 

Medicine was publilhed, Dr Rollo, furgeon general to 
the royal artillery, has fuggefted a method of treating 
tins dileafe, which in various inftances has been crowned 
with fuccefs. 

The Doctor fuppofes, that in this complaint the ve¬ 
getable matter taken into the ftomach has not, from 
lome defed in this organ, undergone a fufficient change 
to form proper chyle ; that in confequence of this, much 
laccharme matter is evolved, which, when carried into 

manner as phofphorated hydrogenous gas does when it the circldon"provesa gene raf 
inflames fpontaneoufly in a ftill atmofphere. head-aches and mnVfcnl J Tu "i8’.P™d"c,nS 

head-aches and quicknefs of pulfe, but that it ads morf 
remarkably on the kidneys, occafioning a conftant and 
copious fecretion of fweet urine. From this hypothe¬ 
cs, he was naturally led to adopt a plan of cure, which 

has proved completely fuccefsful. The indications he 
lays down are : 1. To prevent the formation of faccha- 

nne matter in the ftomach; and, 2. To remove the 
morbidly mcreafed aftion of this organ, and reftore it 
to a healthful condition. Thefe indications are to be 

anfwered by a complete diet of animal food, and by the 
ufe of fuch medicines as fhall diminilh the aftion of the 

3 ftomach. 
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Diamond, ftomach, and at the fame time counteraa the forma 
Diderot. t;on Df faccharine matter. The remedies employed tor 
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was profound and various, to flip port and illuftrate the 

great truths of our holy religion, which Diderot at- 

Didero?. 

tion of faccharine tacked by all the difuig/nuo^arts of an unprincipled 

tlU!.rruPf!iaId Imonia. a’nd vegetable narcotics, fophitt The Penjies Philofophiques however,^became water, hepati'zed ammonia, and vegetable narcotic. 
But the principal dependence is to he placed on a total 
ebftinenre fiotn all vegetable matter, which alone can 
fupply the faccliarii.e principle. By a regular perfeve- 
ranee in this plan, the firft of two patients was com¬ 

pletely cured in four weeks, although the oifeafe had 
been of feven months continuance. The urine, which 
at the commencement of the treatment was fweet, and 

amounted to 24 pints daily, was at lalt reduced ^to 1T 
pint, being at the fame time free from any faccharine 
impregnation. The fecond patient, from his age and 

other circumftances, although relieved fr6m the diabe¬ 

tic-affection, did not regain his wonted flat? or health ; 
but even in this cafe, the eftefts produced by the treat- 
merit, when properly attended to, were more deemed y 

in confirmation of this plan of cure. 
The Do&or has received feveral communications in 

eonfequence of the difperfion of the printed notes on 

the firft cafe. The moil important are the refult of 
two cafes treated in this way by Dr Cleghorn of GlaL 
<row, and one by Drs Currie and Gerard at Liverpool ; 
all of which afford the ftrongeft corroboration of the 

efficacy of this mode of treatment. 
DIAMOND, the inoft precious of all the gems; tor 

the nature of which fee Chemistry, n<> 33, &c. in this 

^IDEROT (Dionyfius) of the academy of Berlin, 

the fon of a cutler, was born at Langres in 17T3. The 
Jefuits, with whom he went through a courfe of ftudy, 

were defirous of having him in their order; ^ 
his uncles, defigning him for a canonry which he had 

in his gift, prevailed upon him to take the tonfure. 
His father feems to have known him better ; for per- ‘ 

ceiving that he was not inclined to be a Jefuit, nor fit 
to be a canon, he fent him to Paris to profecute the 
ftudy of the law. To the law, however, he paid very 
little attention, but devoted his time to fcience and ge¬ 
neral literature ; which fo offended bis father, that he 
flopped the remittance of his pecuniary allowance, and 

feemed for fome time to have abandoned him.. 
The talents of young Diderot lupphed him with a 

maintenance, and drew him from obfeurity. Accord- 
ingto his friends, his capacious mmd embraced phy- 
fics, geometry, metaphyfics, ethics, and the belles lettres, 

from the time that he began to read with reflection 5 

and it is certain that he afpired at being a matter in all 
tliefe departments of literature. His bold and elevated 
imagination feemed to give him likewife a turn for poe¬ 

try ; but he negleCted it for the fciences. He fettled 
at an early period at Paris, where the natural eloquence 
which animated his convention procured him friends 

and patrons. What firft drew the attention of the pu¬ 

blic to him as an author, 3nd gave him a high reputa¬ 
tion among a certain clafs of readers, was a fmall. vo¬ 
lume written againft the Chriftian religion, and intitled 

Penfees Philofophiques ; which was reprinted afterwards 

under the title of Etrennes aux E/prits-forts. 
This book appeared in 1746, i2mo. The adepts 

of the new philofophy compared it, for perfpicuity, ele¬ 
gance, and force of diCliort, to the Penfees ik Pafcal. 
But the aim of the two authors was widely different; 

Pafcal employed his talents and his erudition, which 

popular. It contributed to promote the object of that 
confpiracy which had been for fome time formed againft 

every thing which ennobles human nature (See Jaco¬ 
bins in this Supplement). It was therefore applauded 
by Voltaire and D’Alembert, and read, of courfe, by 

every man and woman of tafte in Park. 
Our author was more ufefully employed in 1746, 

when, together with Meffrs Eidous and ‘Toui/fant, lie 
puWi&ed a general Dictionary of Medicine, in iix vo¬ 

lumes folio. This work, it muft be confeffed, has con- 
fiderable merit; for though there are in it feveral ar¬ 

ticles fuperficial and erroneous, there are many others 
of fuch deep and accurate difquifition, as defervedly re¬ 

commended it to men of fcience. . 
It was about this time that an intimacy was formed 

between Diderot a *1 D’Alembert, and that, under the 

diredlion of Voltaire, they formed the idea of a Diftio- 
naire Encyclcpedique. The great objects which they 
had in view when they entered upon this work are now 
univerfallv known. D’Alembert was a profound ma¬ 
thematician, Diderot had confiderable knowledge in the 

phyfical fciences, more efpecially mechanical philofo- 
phy, and Voltaire was a mafter of the belles lettres. 

It is not to be fuppofed that fuch men would pub- 
lifh any thing very defedlive in thefe departments of 
fcience ; but an Encyclopedia muft treat of religion ; and 
to every kind of religion they were all fworn enemies. 
They engaged, however, a very worthy, though not 
very acute, clergyman, to furnffh the theological ar¬ 

ticles ; and for other branches of knowledge, they were 
promifed the affiftance of feveral men of letters, and of 

‘ a variety of artifts. . 
Diderot took upon himfelf the defcription ot arts and 

trades ; one of the moft important departments of the 

work, and the moft acceptable to the public. To the 
particulars of the feveral proceffes of the workmen lie 
fometimes added refledions, fpeculations, and principles, 
adapted to the elucidation. But befides his own de¬ 

partment, he furnished*articles on almoft every other 

fubjed. ' • r 1 1 
By thofe who knew not the great aim 01 the under¬ 

takers of this work, it has been regretted that Diderot * 
was not lefs verbofe, lefs of the differtator, and lets in¬ 
clined to digreffions. Pie has alio been cenfured for 
employing needlefsly a feientific language, and for ha¬ 
ving recourfe to metaphyiical do&rines, frequently un¬ 

intelligible, which occafioned him to be called the Eyco- 
phron of philofophy ; for having introduced a number ot 
definitions incapable of enlightening the ignorant, and 
which the philofopher feems to have invented tor no 

other purpofe than to have it thought that he had great 
conceptions ; while, in fad, he had not the art of ex- 
preffing perfpicuoufiy and limply the ideas o.f others. 
But thefe complaints arife from miftaking entirely the 

purpofe for which he wrote. , 
It has been completely proved, that one great ob- 

iea for which the pliilofophers, as they called them- 
felves, undertook the compilation . of the Encyclopedic 

was to fap the foundation of all religion. This was to 
be attempted, not diredly and avowedly; for bare-faced 

atheifm would not then have been, fuffered in Prance. 
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Pit’erot. A cloak, therefore, was to be worn, and the poifoned 

dagger to be concealed under it. Whilft the well-mean¬ 
ing divine was fupporting, by the bed arguments which 
he could devife, the religion of his country, Diderot 

and D£AIembert were overturning thofe arguments un¬ 
der titles which properly allowed of no fuch difquifi- 
tions. This neceflarily produced digreflions ; for the 
greateft genius on earth could not, when writing on the 
laws of motion, attack the myfteries of Chriftianity 
without wandering from his fubjed; but that the ob¬ 

ject of thefe digreflions might not pafs unnoticed by 
any clafs of readers, care was taken to refer to them 

from the articles where the queftion was dffcufled by 
the divine. That when employed in this way, Diderot 
feems to write obfcurely, is indeed true ; but the ob- 
fcurity is not his. His atheifm was fo plain, that for 
the moft part D'Alembert, or fome other leader of the 
gang, had to retouch his articles, and throw a mid over 
them, to render their intention the lefs obvious. 

Even with all this care and dudied obfcurity, the de- 
fign of the Encyclopedic was too palpable not to be feen, 
and too wicked not to give offence. Certain wild po- 
litions on government and on religion occafioned the 
impreflion to be fufpended in 1752. At that time 
there were no more than two volumes of the didionary 
publifhed ; and the prohibition of the fucceeding ones 
was only taken off at the end of 1753. Five new vo¬ 
lumes then fucceflively appeared. But in 1757 a new 
ftorm arofe, and the book was fupprefled. The re¬ 
mainder did not appear till about ten years after ; and 
was then for a while only privately didributed ; fome 
copies having been feized by government, and the prin¬ 
ters (hut up in the Badile. The merit, however, of 
fome of the articles is confefledly great; and the firft 
edition was quickly fold off. 

Thus was this great work in the prefs from 1751 to 

1767 ; during which period, Diderot and D’Alembert 
were accuftomed to frequent the coffee-houfes of Paris, 
and to enter with keennefs into religious difputes: the 
former attacking Chriftianity ; and the latter, under the 
mafic of piety, defending it; but always yielding to the 

arguments of his opponent, This practice was put a 
dop to by the police ; and Diderot, when reproached 
by the lieutenant with preaching atheifm, replied, “ Ce- 
la eft vrai, je fuis athee, & m’en fais gloire.” 

Finding his impious converfations interrupted, and 
the publication of the Encyclopedic rendered tedious by 
the vigilance of government, he thought of propaga¬ 
ting his notions by other vehicles. Alternately ferious 
and fportive, folid and frivolous, he publifhed, at the 
very time he was working on the Didionary of Scien¬ 
ces, feveral produdions, which could fcarcely have been 
expeded from a man fo completely employed. His 

Bijoux Indifcrets, 2 vols 12nuv are of this number—a 
difgufting work, even to thofe young people who are 

unhappily too eager for following after licentious ro¬ 
mances. . Even here a certain philofophical pedantry 
appears in the very paflages where it is moft mifplaced, 
and never is the author more aukward than where he 
intends to difplay a graceful eafe. 

The Fils Nature/, and the Fere de Famille, two come¬ 
dies in profe, which appeared in 17^7 and 1 758, are not 
*>f the fame kind with the Bijoux Jndifcrets. They are 
moral and affeding dramas, where we fee at once a ner- 

tous dyle and pathetic fentiments. The former piece 

is a pidurc of the trials of virtue, a con Aid between in- Piderof, 
teiefts and paflions, wherein love and friendfhip play ~ 

important parts. It has been faid that Diderot bor¬ 
rowed it from Goldoni : but if that be the cafe, the 
copy does honour to the original; and, with the ex¬ 
ception of a fmall number of Scenes, where the author 
mixes his philofopliical jargon with the fentiments of 
the heart, and fome Sentences out of place, the dyle is 
affeding and natural enough. In the fecoud comedy, 
a tender, virtuous, and humane father appears^ whole 
tranquillity is difturbed by the parental Solicitudes, in¬ 
spired by^the lively and impetuous paflions of his chil¬ 
dren. 'I his philoSophical, moral, and almofl tragical 
comedy, has produced conftderable efreds on Several 
theatres of Europe. The dedication, to the princefs 
of Naflau Saarbuck, is a little moral trad of a Singular 
turn, without deviating from nature. This piece, writ¬ 
ten with a true dignity of dyle, proves that the author 
pofTefled a great fund of moral fentiments and philoSo- 
phical ideas. At the end of thefe two pieces, publish¬ 
ed together under the title of Theatre de M. Diderot„ 

are dialogues, containing profound refledions and novel 
views of the dramatic art. In his plays he has endea¬ 
voured to unite the characters of Ariftophanes and Pla¬ 
to ; and in his refledions he Sometimes difplays the ee- 
mus of Ariftotle. 6 

This Spirit of criticifm is exhibited, but with too 
much licence, in two other works, which made a great 
noife. The former appeared in r749, i2mo, intitied 
Letters on the Blind for the Ufe of thofe who See. The. 
free notions of the author in this work cod him his li¬ 
berty. He underwent a fix months imprifonment at 
Viorcenues. Having naturally ftrong paflions and a 
haughty Spirit, and finding himfelf on a Sudden depri¬ 
ved of liberty and of all intercourfe with human beings, 
he was threatened with the lofs of his reafon. The 
danger was great ; and to prevent it, they were obli¬ 
ged to allow him to leave his room, to take frequent 
walks, and to receive the vilits of a few literary men ; 
among whom J. J. Roufleau, at that time his friend’ 
went and adminiftered confolation to him, which he 
ought not to have forgotten. 

Phe letter on the Blind was followed by another 
On the Deaf and Dumb, for the Ufe of thofe who can 
Hear and Speak; 1751 ; 2 vols, 12mo. Under this 
title the author delivered refledions on metaphyfics, on * 

poetry, on eloquence, on murk, &c. In this effay there 
are fome good things, among others abfurd and im- 
perfea. Though he drives to be perfpicuous, yet he 
is not always underftood ; and this is more his fault 
than that of his readers. Of what he has compofcd 
on abftrad fubjeds, it has been faid that it is a chaos 
on which the light (hines only at intervals. The other 
produaions of Diderot betray the fame defea of clear, 
nefs and precifion, and the fame uncouth emphafis, for 
which he has always been blamed. 

principal of them are, i. Principles of Moral 
Thitotophy, 1745, r-2mo ; of which the Abbe de Fon. 
taine fpeaks well, though it met with no great fuccefs 
It was our philofopher’s fate to write a great deal, and 
not to leave a good book, or at lead a book well com. 
pofed. 2. Hidory of Greece, tranflated from the Eng- 
hih of Stanyan, 3 vols, l2mo; an indifferent tranfl't- 
tion of an indifferent book 3. Pieces on feveral Ma¬ 
thematical Subjeds, 1748, 8vo. 4. Refledions on the 

. 3 0j2 Inter- 
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Interpretation of Nature, 1754* I2mo* This 
preter is very obfcure. The Code of Nature, 1755, 
1 2mo ; which is certainly not the code of Chriftianity. 
6. The Sixth Senfe, T752, izmo. 7. Of Public E- 
dncation ; one of that fwarm of publications produced 

by the appearance of Emelius, and the abolition of the 
Jefuits. Though all the ideas of this author could not 
be adopted, yet fonie of them are very judicious, and 

would be highly ufeful in the execution. 8. Panegyric 
on Richardfon. Full of nerve and animation. 9. Life 
of Seneca. This is the lad: woik which'he acknow¬ 

ledged ; and it is one of thofe by Diderot that is peril¬ 
led with moil pleafure, even in rectifying the judgments 
he paifes on Seneca and other celebrated* men. The 
Abbe Barruel fays, that he was the anthor of Syjleme de 

la Nature, which is ufually given to llobinet; aud it is 
certain, that if he was not the author, he furniihed 
hints, and revifed the whole. Yet the junto of atheills 
were thcmfelves aihamed of the firft edition of that 

work ; and after all Diderot’s care to improve it, the 
fubfequent editions are, notwithftanding his boailed 
knowledge of the laws of nature, contemptible in the 

eyes of a real mechanical philofopher. 
When a new edition of the Encyclopedic was refolded" 

on, Diderot, the editor of the former edition, thus ad- 
drefies the bookfellers who had undertaken to republifhi 
it. u The imperfections (fays he) of this work origi¬ 

nated in a great variety of caufes. We had not time 
to be very fcrupulous in the, choice of our coadjutors. 
Among fome excellent perfons, there were others weak,, 

indifferent, and altogether bad. Hence that motley ap¬ 
pearance of the work, where we fee the rude attempt of 

the fchool-boy by the fide of a piece from the hand of 
a mailer ; a piece of nonfenfe next neighbour to a fu- 
blime performance. Some working for no pay, foon 

loft their firft fervour ; others, badly recompenfed, Ser¬ 

ved 11s accordingly. The Encyclopedic was a gulf into 
which all kinds of fcribblers promifcuoufly threw their 
contributions ; their pieces ill conceived, and worfe di- 
gefled, good, bad, contemptible, true, falfe, uncertain, 
and always incoherent and unequal ; the reference that 
belonged to the very parts affigned to a perfon, never 
filled up by him. A refutation is often found where 

we fhould naturally expeCl a proof. There was no ex- 
a£l correfpondence between the text and the plates. 

To remedy this defeCl, recourfe was-had to long expli¬ 
cations. But how many unintelligible machines, for 

want of letters to denote the plates!” ^lo this con- 
feflion Diderot added particular details on various parts ; 

fuch as proved that there were in the Encyclopedie fub- 
je&s to be not only retouched, but to be compofed a- 
frefli : and this was what a new company of literati and 

artiils fet thcmfelves to work upon in the Encyclopedie 

Methodique. 
This immenfe work is not yet completed ; and there¬ 

fore we cannot fpeak of it as a whole ; but it is furely 
not lefs verbofe than the former edition, nor do the 
aims of its editors appear to be purer. That it contains 
much valuable information in chemiftry, and indeed in 

every department of phyfical fcience, no candid man 
will controvert: but its articles on abftraCl philofophy 
are prolix and obfcure ; and it betrays the fame impie¬ 
ty, the fame eager defire to corrupt the principles of 

the riling generation, and the fame contempt for every 
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inter- thing which can make mankind happy here or hcreaf- 

ter, with the former edition. "“'TV'’ J 
Notwithstanding his numerous publications, Diderot 

was never rich. Soon after the publication of the lail 

volumes of the Encyclopedie, upon which he had been 
employed for upwards of twenty years, hiVcircumftan- 
ces were fo ftraitened, that an expedient was to be de- 
vifed for their improvement. Fie had long correfpon- 
ded with the late Emprefs of Rnfiia, whom he periua- 

ded to confider him as the greateft, or otic of the great* 
eft economifts of France. In the courfe of the corre¬ 
fpondence he had mentioned his own library as one of 
the moll valuable in Europe; and when Catharine want¬ 
ed to purchafe it and make him librarian, he faid that 
his coiiilitution could not fupport the cold climate of 
St Peterlburgh. She offered to let him keep it during 
his lifetime in Paris ; and the library was fold for an 
immenfe price. When her ambaffador wanted to fee it, 
after a year or two’s payments, and the vifitatiou could 
be no longer put off, Diderot was obliged to run in a 
lmrry through all the bookfellers Ihops in Germany to* 

fill his empty (helves with old volumes. He had the 
good-fortune to fave appearances ; but the trick took 
air, becaufe he had been niggardly in his attention to 
the ambaffador’s fecretary. This, however, did not 
hinder him from vifiting his imperial pupil, to whom he 
told a poor {lory, in hopes of getting his daughter mar¬ 
ried with parade, and patronifed by her majefly ; but 

it was feen through, and he was difappointed. 
In the year 1784 Diderot’s health began vifibly to 

decline ; and one of his domeflics, perceiving that his 
death was at no great diftance, acquainted him with his 
apprehenfions, and addrefied him on the importance of 
preparing for another world. He heard the man with 
attention, thanked him kindly, acknowledged that his 

fituation required ferioufnefs, and promifed to we;gh 
well what he had faid. Some time after this converfa- 

tion he defired that a prieft might be brought; and the 
fame domeftic introduced to him M.deFarfac, Curede 
St Sulpice. Diderot faw this ecclefiaflic feveral times, 
and was preparing to make a public recantation of his 
errors. Condorcet and the other adepts now crowded 
about him, perfuaded him that he was cheated, that his- 

cafe was not fo dangerous as it was faid to be, and that 
he only wanted the country air to reftore him to health. 
For fonie time he refilled their attempts to bring him 
back td atheifm, but was at lafl prevailed upon to try 

the efFeft of the country air. His departure was kept 
fecret, and he was concealed in the country till the 2d 

of July, when he died. His dead body was fecretly 
brought back to Paris, and a report was ipread and be¬ 
lieved that he died fuddenly on rifing from the table, 
without remorfe, and with his atheifm unfliaken. 

To draw a formal chara&er of this wretch is furely. 

fuperfluous. His friends extol his franknefs, his dilin- 
tereftednefs, and his integrity ; but except his grofs 
avowal of atheifm, which may in France be called frank¬ 
nefs, this cliara&er is belied by every tranfa&ion of his 
life. He married, and had a daughter, as has been al¬ 

ready mentioned. M. Bauze, referred to by Abbe 
Barruel, coming one day into Diderot’s houfe, found 
him explaining to this daughter a chapter of the gof- 
pel. When he expr-efTed fome furprife at this condu&, 

Diderot faid : “ J’entends ce que vous voulez dire ; 
mais 
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Differential mats au fond, quelles meilleures Ie9ons pourroisje lui 
, Method. Conner, ou trouverai-je mieuxP' It was a common 

nffertion of Diderot’s, that between him and his dog 
“ il n’y avoit de difference que habit.” In uttering 
this fentiment, he refembled not Pope’s Indian with un¬ 
tutored mind. 

“ Who thinks, admitted to that equal fky, 
“ His faithful dog fhall bear him company.” 

The Indian hopes to carry his dog with him to heaven; 

but Diderot hoped to die like a dog, and to be as if he 
had never been. 

DIFFERENTIAL method, is the art of working 
with the differences of quantities. By this method any 
term of a feries may be found from the feveral orders of 

differences being given ; or vice ver/a, any difference 
may be found from having the terms of the femes given; 
it likewife (hews how to find the fum of fuch a feries. 
And it gives rules to find by interpolation any inter¬ 
mediate term, which is not expreffed in the feries, by 
having its place or pofition given. 

When any feries of quantities is propofed, take the 
firfl term from the fecond, the fecond from the third, 
the third from the fourth, See. then all thefe remainders 
make a new feries, called the frjl order of differences. In 
this new feries take the firfl term from the fecond, the 

fecond from the third, the third from the fourth, See. 
as before; and thefe remainders make another feries, 
called the fecond order of differences. In like manner, 
in this feries, take the firfl term from the fecond, the 

fecond from the third, &c.; and thefe will make a feries 
called the third order of differences ; and after this man¬ 
ner you may proceed as far as you will. Thus in the 
following propofition A, b, c, d, e, &c. is the feries ; 

B, B1, B3, B4, &c. the firfl order of differences ; C, 
C2, C3, Sec. the fecond order of differences; D, D\ &c. 
the third order; E, See. the fourth order, and fo on. 

But the firfl terms of thefe feveral orders of differences, 
as B, C, D, E, Sec. are thofe that are principally made 
ufe of in calculations by this method. 

Prop. I. If there be any feries, A, b, c, d, e, See. 
and if there be taken the firfl differences B, B% B3, Sec. 

the fecond differences C, C2, C3, Sec. the third differen¬ 
ces D, D2, D3, Sec. and fo on. 

Then if T Hand for the firfl term of the nth 

differences, ±:T = A- nb + nX U-^^c_nX - 
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That is, Bjt£—A, Crr—2^-f-A, Dzze/—3 c -f- 3 £ Differential 

—A, E=^«-4J-f6r—4$ + A, Sec. or — Bn A 

+ C=A —Drr A—3 ^3 r—dj + En A 1 v ' J 
—4b+6c—4^/+^, Sec. where, putting T fucceffively 
equal to B, C, D, E, Sec. and nzz 1, 2, 3, 4^ Sec. the 
prop, will be evident. 

Cor. Hence 
A = A, the firfl term. 

B ——A-j-b, the firfl difference. 

C = A—2^4-^:, the 2d difference. 
=—A + 3^ - $c-\-d, the 3d difference. 

E zz A—4b + 6c—4d-\-ey the 4th difference. 

^ = A + 5^—ioc-h'iod—the 5th difference. 
Sec. 

Prop. II. If A, by c, d, e, Sec. be any feries, an(* 
there be taken B, C, D, E, See. the firfl of the feverai 
orders of differences; 

Then, the «th term of the feries will be z= A - 

..... . ___ 3 

±d+nXn- -e — Sec. that 
3 4 

and —T when n is odd. 
3^ 

is, -f T, when n is even, .... _ ..40 

The feveral orders of differences being taken as be 
fore directed, will (land thus. Then, 

abc 

BleD E 
1)2 

B c3 

B* 

b 

Sec. 

feries 
iff diff. 
2d diff. 
3d diff. 
4th diff. 

A 
b- A c—dy See. > c-—b , d~~ c , . ^ 

c—2^ + A, d—e—2d+Cy Sec. 
d—$c+$b—Aye—$d+$c—by Sec. 

^*—4^+A, &c. 

&c. 

2 «— 1 n — 2 n- 

c+-r*~x-, 

D+-—E+,«c. 
1 2 3 4 

For from tlie equations in the laft: Prop, viz B = b X - - V 1XJ — U 

— A, C=c—23-fA, &c. we have, by tranfpofing, 

A + B, — — A+2i+C=; — A4-2A4.2B4.C 
(expunging b) ; that is, 

r= A-j-2B+C, d=A — 33 + 3; + D = A~3A— 3B 

+ 3A + 6B + 3C4.D (expunging b and c) ; that is, 
n^ A-j-^B-j^C-j-D. Alfo e — — A+4^ . 6c+±d 

+ L= (expunging b, c,d) — A + 4 A + 4 B - 6 A 

~~'lB,~nCZSA£ ,2B+I2C + 4d + E; that is, 
e=A + 4B + 6C + 4D-J-F,, &c. , 

Then putting A, b, c, d. See. for the nth term, and 
n fucceffively = 1, 2, 3, 4, &c. the feries will be evi- 
dent. 

Cor. j. If d, d\ d’". See. be the firft of the firft, fe- 
cond, third order, &c. of differences ; then 

The nth term of the feries A, b, c, d, &c. will be 

= A+' 
■I 
- x — ‘ 2 M n 

— d"+ - 
n — 2 

X ns=J d"> 
3 

& c. 

+n-^lxn- — X — 

I 
n — 

d'# -f 

For B = d'y C = d", D = d'"y Sec. And the co¬ 
efficients are the uncise of the n — ith power. 

. Cor' 2: ^ence a^° J*t follows, that any term of a 
given feries may be accurately determined, if the diffe¬ 
rences of any order happen at laft to be equal. 

Cor. 3. Hence 

An A, the firfl term. 
^=rA-pB, the 2d term, 

c:r A4-2B4C, the 3d term. 
'A4-3B4-3C4-D, the 4th term. 

ezz A + 4B4-6C4-4D + E, the 5th term. 

/= A-fj B 4-I oC-f-ioD+5 E 4. F, the 6th term. 

B+IiC+20D+IjE+6F+G’ the 7th term. 

3 III. If a, b, c, d, e, &c. be anv feries and A< 
d", d &c. the firft of the feveral orders of differences* 
then 

The fum of n terms of the feries 
n — i . n —- i n 

X ——i'+nX——X 

== n a -{- n 

rT~~ f/"+«X ——— X 
n — 2 

X: 
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JDiiTra&iou n — 3 

X 
Direift. 

* — — 4 

4 

X_4 J<" + 
4 
&c. 

For m the feries of quantities, 
0 , a , a-\~b9 a-\~b-\-c-\-dy &c. 

ift diff. are a , b , c , d , See, 
£d diff. d’ , //'2 , d 3 , &c. 

3d diff. d'1 , </"2 , &c. 
4th diff. dO , &c. _^ 

Therefore (by Cor. 1. Prop. IT.) the n 4- ith term 

■of the feries, 0, a9 a-\-b9 a-\-b + c9 a-\-b-\-c-\-d9 &c. or 

the «th term of the feries, a> a+b9 a-\-b+c9 a + b+c 
n — I t n — 1 

-p d9 Sec. is ~o + «^ + «X * ^ d1 + w X 2 

\d" + &c. But the «th term of the feries 0, 
3 

o + a + i + &c. is the fum of n terms of the fe¬ 

ries, a, b, c, d, &c. and therefore equal to n a + n X 

ft_ 1 n — I n— 2 
■ d 4- w X 

For a fuller account of tiiis method, and its applica¬ 

tion to curves, we refer the reader to Emerfon’s works, 

from which thefe three proportions are taken. 
DIFFRACTION, a term firft ufed by Grimaldi, 

to denote that property of the rays of light which 
others have called inflection ; the difeoverv of which is 

attributed by fome to Grimaldi, and by others to Dr 

^ DIMINUTION, in raufic, is the abating fomething 

of the full value or quantity of any note. 
DIOPHANTUS, a celebrated mathematician of 

Alexandria, has been reputed to be the inventor of 

algebra; at leaft his is the earlieft work extant on 
that fcience. It is not certain when Diophantus lived. 
Some have placed him before Chrift, and fome after, 

in the reigns of Nero and the Antonines ; but all with 
equal uncertainty. It feems he is the fame Diophan¬ 
tus who wrote the Canon Aftronomicus, which Suidas 
lavs was commented on by the celebrated Hypatia, 
daughter of Theon of Alexandria. His reputation 

mull have been very high among the ancients, fince 
they ranked him with Pythagoras and Euclid in ma¬ 
thematical learning. Bachet, in his notes upon the 5th 

: d't + &c. 
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'DIRECTION, in aftronomy, the motion and other Direction 

phenomena of a planet when dire£l. Dittm 
Direction, in aftrology, is a kind of calculus, by , v 

which they pretend to find the time in which any not¬ 

able accident fhall hefal the perfon wliofe horofeope is 

drawn. 
DISCRETE Quantity, is fuch as is not conti¬ 

nued and joined together. Such, for inftance, is any 

number. 
DITTON (Humphry), an eminent mathematician, 

was born at Salifbury, May 29. 1675. Being an on¬ 
ly fon, and his father obferving in him an extraordi¬ 
nary good capacity, determined to cultivate it with a 
good education. For this purpofe he placed him in a 
reputable private academy; upon quitting of which he, 

at the defire of his father, though againfl his own incli¬ 
nation, engaged in the profefTion of divinity, and began 
to exercife his fun&ion at Tunbridge in the county of 
Kent, where he continued to preach fome years; during 

which time he married a lady of that place. 
But a weak conftitutiou, and the death of his father, 

induced Mr Ditton to quit that profefiion. And at the 
perfuafion of Dr Harris and Mr Whifton, both eminent 
mathematicians, he engaged in the ftudy of mathema¬ 
tics } a fcience to which he had always a ftrong incli¬ 
nation. In the profecution of this fcience he was much 
encouraged by the fuccefs and applaufe he received : 
being greatly efteemed by the chief profefTors of it, 
and particularly by Sir Ifaac Newton, by whole inte- 
reft and recommendation he was ele&ed matter of the 
new mathematical fchool in Chrift’s Hofpital ; where 

he continued till his death, which happened in 1715, 
in the 40th year of his age, much regretted by the phi- 
lofophical world, who expetled many ufeful and inge¬ 

nious difeoveries from his afiiduity, learning, and pene¬ 

trating genius. 
Mr Ditton publifhed feveral mathematical and other 

tra<tts, as below. — 1. Of the Tangents of Curves, Scc. 

Philof. Tranf. vol. 23. 
2. A Treatife on Spherical Catoptrics, publifhed in 

the Philof. Tranf. for 1705; from whence it was co¬ 
pied and reprinted in the A&a Eruditorem 1707, and' 
alfo in the Memoirs of the Academy of Sciences at 

Paris. 
3. General Laws of Nature and Motion, 8vo, 1705. 

1 r* 1 *_ * ..._-E A fotro f hn f if 111 nlrrnt P£? Wol flu s" me n't ions th is" work, and fays that'it illuftrate: 

of his life; namely, that he was married when he was and renders eafy the writings of Galileo, Huygens, 
or nio , P 1 ^_ 

years old, and had a fon born five years after ; theft 

this fon died when he was 4 2 years of age, and that his 
father did not furvive him above four years; from which 

it appears that Diophantus was 84 years old when he 

^ie^)XOPTER,T)r Dioptra, the fame with the index 

or alhidade of an aftrolabe, or other fuch inftrument. 
Dioptra was an inftrument invented by Hipparchus, 

which ferved for feveral ufes; as, to level water-courfes; 
to take the height of towers, or places at a diftance; to 
determine the places, magnitudes, and diftances of the 

planets, &c. 
DIRECT, in arithmetic, is when the proportion ot 

any terms, or quantities, is in the natural or dire& or¬ 
der in which they ftand; being the oppofite to inverfe, 
which confiders the proportion in the inverted order of 
the terms. So, 3 : 4 : : 6 ; 8 dire&ly ; or 3 : 4 : : 8 : 6 

inverfely. 

and the Principia of Newton. It is alfo noticed by 
La Roche, in the Memoires de Literature, vol. viii. 

p.-46, 
4. An Inftitution of Fluxions, containing the firft 

Principles, Operations, and Applications, of that ad¬ 
mirable Method, as invented by Sir Ifaac Newton, 
8vo, 1706. This work, with additions and alterations, 
was again publifhed by Mr John Clarke, in the year 

1728. ' 
5. In 1709 be publifhed the Synopfis Algebraica of 

John Alexander, with maDy additions and corre&ions. 
6. His Treatife on Perfpe&ive was publifhed in 

1712. In this work he explained the prineiples of that 
art mathematically ; and befides teaching the methods 
then 'generally pra&ifed, gave the firft bints of the 
new method afterwards enlarged upon and improved by 
Dr Brook Taylor; and which was publilhed in the year 

171?. T 
' J 7. Ia 
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7. In 1714, Mr Ditton publifhed feveral pieces both 

theological and mathematical; particularly his Difcourfe 

J on the Refurre&ion of Jefus Chrift ; and The New 
Law of Fluids, or a Difcourfe concerning the Afcent 
of Liquids, in exad Geometrical Figures, between two 
nearly contiguous Surfaces. To this was annexed a 
trad, to demonftrate the impoffibility of thinking or 
perception being the refult of any combination ot the 

parts of matter and motion : a fubjed much agitated 
about that time. To this work alfo was added an ad- 
vertifement from him and Mr Whifton, concerning a 
method for difcovering the longitude, which it feems 
they had publifhed about half a year before. This at¬ 
tempt probably eoft our author his life; for although it 

was approved and countenanced by Sir Ifaac Newton, 
#before it was prefented to the Board of Longitude, and 
the method has been fuccefsfully put in practice, in find¬ 
ing the longitude between Paris and Vienna ; yet that 
board then determined againft it: fo that the difappoint- 
ment, together with fome public ridicule (particularly 

in a poem written by Dean Swift), affeded his health 

fo that he died the enfuing year, 1715. 
In an account of Mr Ditton, prefixed to the German 

tranfiation of his Difcourfe on the Refurredion, it is 
faid that he had publifhed, in his own name only, anor 
ther method for finding the longitude ; but which Mr 
Whifton denied. However, Raphael Levi, a learned 
Jew, who had ftudied under Leibnitz, informed the 
German editor, that he well knew that Ditton and 
Leibnitz had correfponded upon the fubjed ; and that 
Ditton had fent to Leibnitz a delineation of a machine 
he bad invented for that purpofe; which was a piece of 
medianifm conftruded with many wheels like a clock, 
and which Leibnitz highly approved of for land ufe ; 
but doubted whether it would anfwer on fhip-board, on 

account of the motion of the fhip. 
DIVING-Bell has been already defcribed in the 

Encyclopedia ; but in that work was given no account 
of its antiquity or its invention. In the works of Avi- 
ftotle we read of a kind of kettle ufed by divers to ena¬ 
ble them to remain for fome time under water ; but the 
manner in which thofe kettles were employed is not 
clearly defcribed. “ The oldeft information (faysPro- 
feffor Beckmann) which we have of the ufe of the di¬ 
ving bell in Europe, is that of John Taifnier, who was 
born at Hainault in 1509, had a place at court under 
Charles V. whom he attended on his voyage to Africa. 
He relates in what manner he faw at Toledo, in the 
prefeoce*of the emperor and feveral thoufand fpe&ators, 
two Greeks let themfeives down under water, in a large 
inverted kettle, with a burning light, and rife up again 
without being wet. It appears that this art was then new 
to the emperor and the Spaniards, ano that the Greeks 
were caufed to make the experiment in order to prove 

the poffibility of it.” 
When the Englifh, in 1588, difperfed the Spanifh 

fleet, called the Invincible Armada, part of the fhips 
went to the bottom, near the Ilk of Mull, on the weft- 
ern coaft of Scotland ; and fome of thefe, according to 
the account of the Spanilh prifoners, contained great 
riches. This information excited, from time to time, 

the avarice of {peculators, and gave to feveral at¬ 
tempts to procure part of the loft treafure. In the 
year 1665, a perfon was fo fortunate as to bring up 

fome cannon, which, however, were not fufficient to 

DOM 
defray the expcnees. Of thefe attempts, and the kind 

of diving bell ufed in them, the reader will find an ac¬ 
count in a work printed at Rotterdam in 1669, and 
entitled G. Sinclart Ars nova et magna gravitatis et le- 
vitatis. In the year 1680, William Phipps, a native 
of America, formed a project for fearching and unload¬ 
ing a rich Spanifh fhip funk on the coaft of Plifpaniola ; 
and reprefented his plan in fuch a plaufible manner, that 

King Charles II. gave him a fiiip, and furnifhed him 
with every thing neceffkry for the undertaking. He 

fet fail in the year 1683 ; but being unfuceefsful, re¬ 
turned again in great poverty, though with a firm con- 

vidtion of the poffibility of his fcheme. By a fubfcrip- 
tion promoted chiefly by the Duke of Albemarle, the 
fon of the celebrated Monk, Phipps was enabled, in 

1687, to try his fortune once more, having previonfly 
engaged to divide the profit according to the twenty 
fhares of which the fubfcription confifted. At firft all 
his labour proved fruitlefs; but at laft, when his pa¬ 
tience was almoft entirely exhaufted, he was fo lucky as 
to bring up, from the depth of fix or feven fathoms, fo 
much treafure that he returned to England with the 
value of two hundred thoufand pounds fterling. Ot 
this fum he himfelf got about fixteen, others fay twen¬ 
ty thoufand, and the duke ninety thoufand pounds. 
After he came back, fome perfons endeavoured to per- 
fuade the king to feize both the fhip and the cargo, 
under a pretence that Phipps, when he folicited for his 
majefty’s permiffion, had not given accurate information 
refpedting the bufinefs. But the king anfwered, with 
much greatnefs of mind, that he knew Phipps to be an 
honeft man, and that he and his friends fiiould fliare the 
whole among them had he returned with double the 
value. His majefty even conferred upon him the ho¬ 
nour of knighthood, to fhew how much he was fatisfied 
with his condudf. We know not the conftrudtion of 
Phipps’s apparatus : but of the old figures of a diving- 
machine, that which approaches nearefl to the diving- 
bell is in a book on fortification by Lorini ; who de- 
fcribes a fquare box bound round with iron, which is 
funifhed with windows, and has a ftool affixed to it for 
the diver. This ingenious contrivance appears, how¬ 
ever, to be older than that Italian ; at leaft lie does not 
pretend to be the inventor of it. 

In the year 1617, Francis Kefsler gave a defcription 
of his water-armour, intended alfo for diving, but which 
cannot really be ufed for that purpofe. In the year 
1671, Witfen taught, in a better manner than any of 
his predeccffors, the conftrudtion and ufe of the di¬ 
ving-bell; but be is much miftaken when he fays that 
it was invented at Amfterdam. In 1679 appeared, 
for the firft time, Borelli’s well known work de mcrlu 
ammalium ; in which he not only defcribed the diving- 
bell, but alfo propofed another, the impracticability 
af which was fhewn by James Bernoulli. When - 
Sturm publifhed his Collegium auriofum in 1678, he 
propofed fome hints for the improvement of this ma¬ 
chine, on which remarks were made in the Journal 
da fgavans. To him fucceedcd Dr Halley, whole bell 
is well known. 

DODECATEMORY, the 12 houfes or parts of 
the zodiac of the primum mobile. Alfo the 1 2 figns 
of the‘Zodiac are fometimes fo called, becaufe they con¬ 
tain, each the 12th part of the zodiac. 

DOME. See Arch in this Supplement. 
DOMINGO} 

Diving- 

Bell 

11 
Dome. 

* 
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Domingo, DOMINGO, or St Domingo. See Hispanioma, an oil of an agreeable odour; above all, the 4khi was fo 
u both in Encycl. and in this Supplement. exquifitely clean, that they would not have differed the , r^in8, , 

Tli DON Martin' de Mayorga, rhe name given by fmalleft particle of dud to remain upon it a moment, 
the Spaniards to a clufier^of iflands in the South Sea, In this archipelago Don Maurelle found a fafe liar- 
difcovered on the 27th of February 1781 by Don F. hour, to which he gave the name of El Refugio ; and 

A. Maurelle, a celebrated pilot of that nation. which he places hi Soirh Lat. 1 8°. 36'. and W. Lon. 

Thofe iflands are defcribed by him as abounding with 177°* 47^- 457* Greenwich, 
tropical fruits and roots, as highly cultivated,* and as DRACOENA Draco (fee Dracoena, Encycl.), is 
inhabited by a people confiderably polifhed. The fer- a native of Madeira, though it is there becoming fcarce. 
tility of the land, fays he, is fucli, that its 'cultivation The following account of it is by La Martiniere, natu- 
cannot fail to promife a favourable harveft. Every ralifl in the lafl voyage of difcovery by La Peroufe. 
where are feen an endlefs number of cocoa-nut trees, “ The idea of the dracoena draco (fays he) given by 
beautiful banana trees ranged in lines with the greatefl the fhabby fpecimens cultivated in our hot-houfes, is 

order, and numerous plantations of potatoes, of which fat inferior to that v/e entertain of* it when we have 
he describes fome as fifteen feet in length, and of the an opportunity of feeing it in its native foil. I met 
thieknefs of a man’s thigh. He admired the order with with three in particular, of which the trunk was fix or 
which every thing was difpofed. No weeds were fuf- feven feet high, and four and a half, or five in diameter, 

fered to grow between the plants; and their roads were The principal branches, 12 or 15 in number, and as 
kept in repair with a diligence deferving imitation by thick as a man’s body, fhoot out a little obliquely, 
the mod civilized nations. dividing themfelves generally into two, and now and 

Their government appears from his account to he then into three, to the height of 40 or 50 feet, inclu- 
defpotic. The fovereign, who is called the Tuhou, is ding the feven feet of the trunk. The leaves are all at 
held in the higheft veneration by his fubje&s, whofe * the extremity of the branches, where they‘are placed 
lives and properties are at his difpofal. Under him in alternate order, and form a duller. This tree pre- 
there is an order of nobles called Equis, who, though fents the mod perfeft regularity to the eye, and tempts 
they {brink into infignificance in the prefence of the the fpe&ator to think that the mod Ikilful gardenet 

Tubou9 have great authority over the people. Thefe makes it the object of his daily care.” 
people are faid by Maurelle to be of great mufcular DRAINS. Under this word in the Encyclopaedia 
diength and large dature, the ordinary height of the we publiflied'Mr Rayley of Hope’s method of draining 

men being fix feet or fix feet four inches, while many land ; and by a letter from the author, we have iince 
of them are much taller. It would appear, too, that learned, that experience, the bed guide, has fully pro - 

they delight in gymnaftic exercifes ; for when the Tu- ved the ufefulnefa and durability of his drains. With a 
bou, by whom lie had been treated with, great hofpita- candour, however, worthy of a man who writes not for 
lity, wifhed to amufe him and his {hip’s company, he fame, but for the good of the public, he informs us of 

exhibited to them feats of wredling and boxing, and a niidake into which he had led us; and requeds us to 

that as well by the women as by the men. corredl it in this Supplement. 
Though thefe people put the greated confidence in “ I wifti (fays he) that, in the Supplement to the 

the Spaniards, and frequently daid whole nights on Encyclopaedia, due notice.may be taken of a very great 

board the frigate, they had yet the common inclination error into which I was led in my fcheme of making the 
of favages to deal. “ Every time they came on boafd main draws. I conje£Iured, that where the bottom of 
(fays our author), clothes, iron-work, whatever fell in the trench was of a hard or folid body, as clay or marl, 
their way, they conlidered as lawful prize. They drew It might not be neceflary to lay it with bricks or dones; 
out through the port-holes, or the windows, whatever but in this I was quite wrong. By the runs of water, 
was within their reach. They thieved even to the very the alternate changes from wet to dry, and the accefs 
chain of the rudder. I made my complaints to the of air, thefe hard bottoms have been rendered friable ; 

king; he gave me permiffon to kill whomfoever I fhould they have crumbled away, and let in all my drains 

detect in the aed ; and i was allured he had himfelf dif- which were not fupported by a bottom laid with brick 
covered and punifbed with death the authors of the or done.” For this information we requed the author 
complained of theft. Our vigilance was neceflhrily cal- to accept of our thanks, and we are perfuaded we may 

led into adlion ; we furprifed the iflaiulers driving to add the thanks of the public. 
tear away the new rudder chains; we fired a pidol at As the draining of land is a matter of great impor- 
them, one of them fell dead on the occafion, and this tance in agriculture, and as the fubjedl has been again 

was an awful lefion for thofe who were either on board brought before‘us, we imagine that our agricultural 

or alonglide of the frigate ; they faid to themfelves, or readers will be glad to find here the fubdance of a paper 
to one another, chito (robber) Jama (death).” on this fubjedt, for which the author received the filver 

They mak^'of the bark of trees a kind of cloth not medal of the Society militated for the encouragement of 

unlike that which has been brought from other iflands Arts, Manufactures, and Commerce. That au- 
in the South Sea; and our author deferibes the wo- thor is Mr John Wedge of Bickenhill, near Coventry, 
men as being peculiarly neat both in their drefs and in who is not only a great farmer himfelf, hut^ had like- 
their perfons. They had their mantles or loofe gar- wife been employed by the Earl of Alesford in the ma- 
ments adjufted in neat plaits and folds, and becomingly nagement of feveral edates. Encouraged by his lord- 
attached by a knot over the left ftioulder. They wore fhip’s liberality, Mr Wedge informs the fociety, that 
garlands or wreaths on the head, and chaplets of large he had been employed for fome years in draining large 
glafs beads round their necks; the hair was pleafingly portions of land, of which part was in the Earl’s occu- 

difpofed in treffes, and the whole perfon perfumed with ' pation, and part in his own, as tenant to his lordfhip. 
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The principles upon which he proceeded, as well as his fprings may require ; and th 
mode of procedure, he ftates in the following terms : ’ 

In every country there are large portions of land 
that, in wet feafons, have always what may be called a 
dry furface, and other portions of land that have always 
a moijl or wetfurface ; the former of thefe admitting all 
the water which falls upon them to fink freely through 
their pores to various depths, till falling on clay, or 
fome other un&uous earth, whofe pores will not permit 
it to pafs through, it is there held up to a height pro¬ 
portioned to the quantity of water which comes upon 
it, and the facility with which that water is difehar- 
ged. Thus, held up to various heights, it ferves as a 
fountain to diftribute its water (either by veins of fand, 
pebbles, or rock), according to the formation of the 
different under ftrata on the neighbouring lands, and 
there forms bogs and other varieties of wet furface, 
on a bafis that will be always found to conlifl of marl, 
or clay, or fome mixture thereof. The effedl of wa- 
ter thus diftributed may be divided into two claffes. 
The firft clafs, where the water is thrown out by a 

body of marl or clay, &c. upon the furface of defeend- 
ing ground, and in the valley (there held up by clay 
alfo) forms bogs or fwamps. The fecond clafs, where 
the water is held up by marl or clay, as before, having 

R A 
, — , —...v whole of the water thus Erduf. 

brought up by tapping the fprings, is carried off by the 
drain made in the upper clay, which muft be a clofe 
one, to its proper level, and there difeharged. 

By both thefe methods of draining, large trafls of 

land, under favourable circumflances, may be cured with 
one drain. The befl place for fixing thefe drains is 
wlieie the ftiatum that conveys the water comes neared 
to the furface; and the befl method of ascertaining that* 

is to bore or dig in different parts through the diffe¬ 
rent under ftrata. 

The third clafs may be eafily cured by clofe drains* 
at fuch diftances and depths as will befl carry off the 
furface.water. It may not be improper to obferve, that 
where the different flrata or meafures crop out, that is, 
become gradually more and more fhallow in fome cer¬ 
tain diredion (as is often the cafe, till, one after the 

other, they all prefent themfelves in fucceflion on the 
furface of the earth), draining may often be much more 
eafily and better effe&ed by crofling with the drain the 

different ftrata or meafures where the levels and other 
circumflances will admit. 

Some of the land drained was part of a common, in 
the parifh of Church Bickenhitl, in the county of War¬ 
wick ; part of it was covered with mofs and ling, had 

above that; marl or clay a ftmum of fand, or pebbles, a peaty furface about fix inches deep, and produced 

through which the water pafTes ; and above thofe fands little or no grafs : in all wet feafons it was fiHed quite 
or pebbles anothef ftratum of marl or clay, through to the furface, and often overflowed, with water. Some 

Pav f W1'ch fthe Water’ ^ a c°nt‘iual of the land was much more unfound, deeper of peat, 
P A ^ ? 'tS /°untain’ forces a pafiage upwards ; and covered with mofs, in moll parts nine inches lomr • 
and thus, through the weakeft parts of the marl or another part was an abfolute bog in all feafons. ^ ’ 
clay, furmfhes a continual fupply of water on the fur- Having dug or bored with a large auger into feveral 
ace, for the formation or growth of bogs, &c.-in pro- parts of the land, Mr Wedge found peat, gravel and 

portion as this water is more or lefs abundantly fupplied fand mixed, and a quick-fand aimed uniformly. Vul 
by its fountain or head, namely, the higher lands, into 
which rain-water freely pafTes, as before deferibed. 
There are alfo different foils, under different circum- 

‘ftances, which may form a third clafs of land for drain¬ 
ing ; fuch as, ftrong deep foils, or open light foils, ha¬ 
ving near the furface a body of marl or day. In either 
of thefe cafes, the water which falls on the furface muft, 
foj* reafons which are felf-evident, keep fuch lands, in 
rainy feafons, conftantly wet and cold ; and it fhould be 

obferved, that a mixture of all the three before-deferibed 
claffes of wet land fometimes occur in one field, by fuff- 
den alterations of the under ftrata, and thereby perplex 
the. operator, by requiring all the different modes of 
draining in the fame held. 

If it be admitted that bogs are thus formed and fed, 
their cure may be effeded with certainty. The firft 
clafs, by cutting through the ftratum (be it fand, peb¬ 
bles, or rock,) that conveys the water to the bog, and 
carrying off that water by a clofe drain to fome proper 
place, where the level admits of its difeharge. The fe¬ 
cond clafs, by finking a drain to any convenient depth 
in the upper clay; and then digging or boring with 
a large auger, at a fmall diftance on one fide of this 
drain, through the remaining part, be it (the upper 
clay) ever fo deep, into the under ftratum of fand, peb¬ 
bles, or rock, through which the water paffes ; which 
will then rufh up into the drain fo made, with a veloci¬ 
ty proportioned to the height of the land or fountain 
whence it is fupplied. As this drain advances through 
the land, holes muft be dug or bored, as before, every 

feven yards, or at fuch diftance as the ftrength of the 
Suppl. Voh. I. Part II. 

• i r ,'. * .v« The 
quick-land in every part, alter getting an inch or two 
into it, feemed almoft as fluid as water. Judging from 
this, that no materials for a drain could be laid in the 
quick-fand, but what it would immediately bury, he 
dug a trench almoft to the quick-fand, leaving gravel, 
&c. of fufficient ftrength to bear up the materials for a 
hollow drain ; thefe materials were two Tides and a co- 
verer of ftone, with a peat-turf on the top to keep out 

the foil. At every feven yards forward, by the fide of 
this drain, he dug a hole in the quick-fand as deep as 
it would permit. From thefe holes the water role free¬ 
ly into the hollow drain, and was by it dilcharged at a 
proper level. It may be proper to remark, that the 
ftone made ufe of for this drain, and all others here 
mentioned, was a red fand and rag-ftone, which eafily 
fplit into proper fizes for the purpofe, and is very du¬ 
rable ; it coft about iixpence per ton getting, exclufive 
of carriage. The drain thus formed ran on the whole 
rather freely, and made the land dry for a few yards on' 
each fide thereof, but was far from having the e fit ft he 
improperly expefted ; for it evidently appears that the 
drain coaid only take a very fmall portion of the water 

from fo large a quick-fand, which it did not penetrate 
more than two inches ; and that it could drain only to 
its own depth, or, at molt, to that depth in the foun¬ 
tain which fupplied the quick-fand. His purpofe was 

then defeated ; and his motive for mentioning this error 
cannot, he hopes, be miftakeii. 

He now did what he fays he ought to have done be¬ 
fore, that is, examined the different ftrata to a greater 
depth, particularly on the bog, and at the upper edges 

3 R thereof 
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thereof, and found tlie bog to be what has been defcri- their edges 

'bed under the firft clafs. He therefore determined to 
attempt the cure in the manner before preicribed for 

that clafs, namely, to cut through the whole of the lira- 
turn (in this inftance, of qnick-fand), through which 
he found the water pafs. This he efte&ed as follows : 
The fummer being dry, and favourable for the purpofe, 
and having previoufly made his main open drain, he began 
his main clofe drain the fir ft week in June 1791, three 
feet wide, on the declivity near the edge of the great 
bog. In the fir ft operation he dug through the peat, 

D R A 
on each fide of the bottom of the drain, 

forming two Tides of a trough of peat 5 then fide Honesk 
about eight inches High, and a ftone coverer, were put 
in upon the ling between the peat-turfs ; a large peat- 
turf, near two feet wide and four inches thick, was 
then cut and firmly placed over the whole : this left in 
the bottom of the drain an open fpace, of more than 

fix inches fquare, for the water to pafs. The whole 
was then completed by filling in the upper part of the 

drain. 
In this way the author drained, for aboqt L.80, boo-, in ttie tirit operation lie aug inrougu me --' . ' 

the hard fand, and gravel, and one fpade’s graft (about thirty acres of land, which, from being of no value 
• _ * _i__ ;«♦« thp nmVW- whatever, became worth at leaft 14 millings per acre ot nine inches deep, and feven inches wide) into the quick- 

fand the whole length of this drain,. which was 73 
perches, of eight yards to the perch, in length. The 
drain thus dug ran copioufiy, not lefs than 60 gallons 
per minute. In this ftate he left it about nine days ; 
the effedl of it was rapid, both above the drain and on ' 
the bog below. Upon examination, he now found about 

three inches on the top of the fpade’s graft, which had 
been made into the quick-fand perfe&ly ‘dry. He then 
dug out thefe three inches of dry fand, to nearly the 
whole width of the drain, three feet; and at the fame 
time dug out, as before, another fpade’s graft from the 
top of the quick-fand, as near the middle of the drain 
as poflible. This was left to run a few days, as before, 
and had the fame effe&, namely, three or four inches 
more of the top of the quick-fand became dry and hard. 
The fame operation was repeated again and again with 

the fame effed, till the purpofe of getting through this 
quick-fand was completed, fo far at leaft as the level of 

the main open drain would permit. The ftream of wa¬ 
ter continued increafing during the whole operation ; 

the bog below the drain was quite dry, and the land 
above perfectly fo. The drain which was firft made, 
and continued running for fome tiige during the pro- 
grefs of the main clofe drain, became gradually dry ; 
and has not, fince that drain was finiftied, difeharged 
one fingle drop of water. Great care was neceflary, in 
making the main clofe drain, to keep the ftream of wa¬ 
ter in the middle of it, otherwife the current would have 
undermined the Tides, as it fometimes had done, and 
caufed them to fall in. For this reafon it was necef- 
fary, when the dry fand was taken from the top of the 
quick-fand, immediately to take out a (pade’s graft from 

the middle thereof, in order to divert the current from 

the fides. 
The main clofe drain thus made was three feet wide 

at top, about nine feet deep on the average, and, bevel¬ 
ling a little from the top, it was about one foot ten 
inches wide at the bottom. The ftone and other ma¬ 
terials were put into this drain in the following manner : 

Where the drain went through the quick-fand into 

the lira turn of clay below it, as in moft places it did, 
the bottom/and in fome inftances the fides, wanted no 
particular fecuritv (a); but where it did not go quite 
through the quick-fand, which the level of his main 
open drain in fome places would not admit, the bottom 
of the drain was covered half an inch thick with ling ; 
then peat-turfs, one foot wide and three or four inches 
thick, were cut in convenient lengths, and placed on 

whatever, became worth at leaft 14 {hillings per acre of 
yearly rent. He likevvife hollow-drained nine acres by 
the method preferibed for the third clafs of wet land. 

Thefe drains were made a few yards below that part of 
each field where the dry and wet land feparate, about 
22 inches deep, with fides and a coverer of ftone, and 
ling on the top of it, to keep the earth from running 
in. The length of thefe drains was 880 yards, and the 
expence of labour and materials three halfpence per 

yard. The drains, in wet weather, difeharge a large- 

quantity of water ; and will, he has no doubt, anfwer 
the intended purpofe. Thus far relates to land in his 

own occupation. 
Nine acres of the land in the earl of Aylesford’s occu¬ 

pation was almoft an entire pulp. This bog was of the 
fecond clafs, namely, water pafling through a quick- 
fand, and confined by a ftratum of clay below, and ano¬ 
ther ftratum of clay above it. The water thus con¬ 
fined, being prefied by its fountain, and forced up thro* 
the weakeft parts of the clay, had formed a bog of ir¬ 
regular thieknefs on the furface, in fome places fix feet 
deep, in others not more than two. As there is a con- 

fiderable fall in this land from eaft to weft, he thought 
it expedient to put two drains into it; and this appears 
to him to have been neceflary, from a confideration that 
both thefe drains continue to run in the fame propor¬ 

tions as- when firft opened. The manner in which thefe 
drains were executed was, by digging through the dif¬ 
ferent upper ftrata, and as deep into the clay as the 
main open drain would admit ; then digging or boring 
through the remaining part of that clay into the quick- 

fand, at the diftance of about fix yards in a progreflive 

manner.. 
The water riling rapidly through thefe holes into the 

clofe drains, has cfte£led a complete cure of this land, 
every part of which will now bear a hovfe to gallop 
upon it. Thefe drains difeharge 3660 gallons an hour $ 

which is much lefs than they did at firft, as mull be the 
cafe in all bogs. This land will be worth twenty {hil¬ 
lings per acre. The draining coll twenty-five pounds ; 

and the length of the under-ground drains is eight hun¬ 

dred and fourteen yards. 
Mr Wedge had juft finiftied (January 1792) drain¬ 

ing another piece of land, about forty-three acres. As 
this was intended to anfwer two purpofes, one, to drain 
the land, the other, to give an. additional fupply of wa¬ 
ter to a mill-pool, and as a circ urn fiance arofe in the 
execution of the work which frequently happens in 
draining land, namely, a bidden alteration in the po- 

& fition 

(a) He will probably find in time that ho was under the fame miftake with Mr Bayley, and we hope that with. 

Mr Bayley’s candour he will acknowledge it. 
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Drains, fhion of the under ftrata~a defeription thereof will (a? quoted by Withering, in his Arrangement of Bri- 

>^>^oiJera, not, we hope, be thought tedious. This draining was tifh Plants,) mentions the effe&s of this fingular plant, 
begun at the level of a mill-pool, and continued, with- occafioned by the irritation of an ant, which he placed 
out any great difficulty, to the diftance of about thirty- on the centre of one of the leaves with a pair of pincers, 
two chains, in the manner before deferibed as a cure for The ant, in endeavouring to efcape, was held fail by 
the fecond clafs of boggy landbut at or near that the vifeous juice of the imaller hairs till the large ones, 
place the under ftrata altered their pofition ; the quick- together with the edges of the leaf, clofed in and im- 
fand which conveyed the water now became of twice prifoned it. The ant died in fifteen minutes * but he 
its former thicknefs ; and the clay, which had hitherto obferves, that the effe&s followed fooner or later, in dif- 
been above that quick fand, for fome diftance difap- ferent experiments, according to the ftate of the wea- 
peared. From the quick-fand thus becoming fo much ther. Dr Whithering has publiflied a fimilar account of 
deeper, he could not, with the level of the mill-pool, the fenfitive properties of the fundew, which was corn- 
cut through it ; nor indeed, from the- wetnefs of the municated to him by two of his botanical friends, and 
feafon, would fuch an operation have-been proper. He which he has made very entertaining and interefting. 
therefore continued a mallow drain to fome diftance, The fame thing is confirmed by a writer in the Month¬ 
making fide-holes into the quick-fand, which ran freely; ly Magazine for Auguft 1797 5 who fays, that when- 
but as this could not cure the whole of the bog below, ever he made experiments on the droffera with ants and 
he branched out another drain (which was made by the other diminutive infe&s, he commonly found them periffi 
method deferibed for curing the fecond clafs of wet or in a fhorter time than fifteen minutes. His experiments 
boggy land), by finking a dofe drain through the up- were made on the droffera rotundifolia. Rothius, how- 
per ft rat a into the upper clay, and then, at a fmall dif- ever, obferves, that the longifolia produces the fame ef- 
tance on one fide of this clofe drain, boring a hole with fe&s, but with greater rapidity. In concludino- his ac- 
an auger through the remaining part of that clay into count, Dr Withering fuggefts this enquiry, « Whether 
the quick-fand ; and at every eight yards, as this clofe this deftru&ion of infe&s be not neceffary to the welfare 
drain advanced, ftill boring other holes, in the manner of the plant ?” And it is furely worth fome botanift’a 
before deferibed : through many of thefe holes the wa- while to take fome pains to anfwer the queftion. 

^ ter ruffled with great rapidity. The water difeharged DRUGS (fee EncycL) are fo commonly counter- 

by thefe drains into the mill-pool is 168 gallons per mi- felted, or at leaft adulterated, that, in London, the 
nute, or 3780 hogfheads in a day ; which is after the royal college of phyficians, it is well known, has'long 
rate of 15379,700 hogfheads in a year. ago appointed a court of examiners to inveftigate the 

About fix acres of this land were always found ; a- goodnefs of drugs and medicines in the different die- 
bout twelve acres on the north fide were an abfolute mifts and apothecaries (hops. The counterfeit, how- 
pulp, and the remaining twenty fix acres very unfound, ever, is made up with fuch dexterity, that not only the 

I lie whole is now found, and will, when cultivated, be merchant and drug-broker, but even the man of /kill, is 
worth fixteen (hillings per acre. Tin's land would have fometimes deceived ; and indeed nothing can dete& this 
been drained at a much lefs expcuce into the main open impofition but a practical knowledge of chemiftry. We 
drain ; but then the water, which was much wanted therefore recommend it to every father of a family to 
for the mill, would have been loft. Thefe clofe drains ftudy our Supplementary article Chemistry with this 
are m length 1452 yards, and coft L. ico, of which view, if with no other; for whatever be the faults of 
about L. 30 ought to be charged to the mill. that atriele, we have loft much labour if it be not fuffi- 

Important as this fiibje& is, we muft not enlarge this ciently perfpicuous to enable every man, not an abfo- 

article, or we fhoiild make large extra&s from Dr An- lute ftranger to phyfical fcience in all its branches, to 
derfon’s Praftical 'Trcatife on Draining Bogs and Swam- detedt the common impoftures of druo-.fellers. 

Py Grounds, lately publiflied. It is proper, however, DUFTER, in Bengal, an office o*r department, 
to inform the public, that the author puts in his claim Dufter Cana, the place where the office is kept 
for being the firft difeoverer of that mode of draining DWARFING of vegetables, an art invented by 
for which Mr Elkington has obtained from Parliament the Chinefe, to which the attention of Sir George 
a premium of L. 3000 ; and the reader who fhall turn Staunton was attra&ed on the following occafion : 
to the article Drains in the Encyclopaedia, will„per- When the embaffy was at Chufan (See Ciiusan in 

ceiIe„ttb“cl“;s well-founded. this Supplement), the gentlemen who went on Ihore 

JJKUbbUKA Anglicana, or the Sundew (fee were introduced to the governor in his hall of audience 
Drossera, EncycL), is a very minute villous plant, where on feveral tables were placed, in frames filled 
ufually growing entangled with mofs on peat bogs; the yv ith earth, dwarf pines, oaks, and orange trees bear- 

' 5„VeS *re curioufly fnnged with numerous ftrong red- ing fruit. None of them exceeded in height two feet, 
difh hairs, terminated by fmall pellucid globules of vif- Some of thofe dwarfs bore all the marks of decay from 
cons liquor, which occafion, by the refle&ion of the age : and upon the furface of the foil were iuterfperfed 
fun, that .peculiar luftre from which its name is derived, fmall heaps of ftones, which, in proportion to the ad¬ 
it is in thefe hairs that thefe effential properties of the joining dwarfs, might be termed rocks. Thefe were 
plant refide ; for if a fmall infe& fhould fix itfelf on one honey-combed and mofs-grown, as if untouched for 
of the leaves, thefe hairs immediately begin to clofe, ages, which ferved to maintain the illufiou, and to give 
one by one, till the mfe& is wholly environed by them, an antique appearance to the whole. This kind of 
and then the leaf in which it is imprifoned gradually ftunted vegetation feemed to be much reliflied by the 
bends inwards, fo as to reach the bafe ; in this ftate curious in China ; and fpecimens of it were to be found 
the infe& is killed by the operation of the acrimonious in every confiderable dwelling. To produce them form- 
juice exuding from the ends of the hairs. Rothius ed a part of the gardener’s /kill, and was an art invented 

3R2 in 
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Bcfitle the mere merit of overcoming whatever form the operator wifhes : and when the ap* t 

' ’1 * pearance of age and decay is meant to be given to a v 
dwarf tree, it is repeatedly fmeared with treacle or mo- 
laffes, which attra&s multitudes of ants, who, in pur- 
fuit of thofe fweet juices, attack the bark, and, by a 
gradual corrofion of it, produce the defired effeCti Thefe 
different proceffes are iometimes attempted to be kept 
fecret by the gardeners, and they vary defignedly in the 
mode of carrying them on; but the principle on which 
they are founded is fufficiently apparent from what is 
related here ; and the contrivance argues ingenuity and 
perfeverance, rather than the practice does true tafte, 
which confifts in affifting Nature in its mod favourite 
works—not in counteracting its operations or diftort- 

ing its productions. 
DYEING is an art into which, fince the article in 

the Encyclopaedia was publifhed, improvements have 
been introduced of inch importance, that it would be 
unpardonable not to notice them in this Supplement* 
They ought to be noticed under the prefent title ; but* 

for reafons affigned at the time,, we were under the ne- 
ceflity of poftponing them, in the firft edition, to the 

title Vegetable, Animal, and Dyeing Substances. We 
might now reftore the article Dyeing to its proper 
place ; but though we confidently announce this as an 
improved edition, we doubt whether we can, in juftice 

to the purchafers of the firft. edition, alter its arrange¬ 
ment. We therefore ftill refer the reader to the article 

Dyeing Substances. 

Dwarfing. in that country. - 
' a difficulty, it had that of introducing vegetables into 

commbn apartments, from which their natural fize muft 

otherwife have excluded them. 
The general method of obtaining vegetable dwarfs is 

faid to he the following : A quantity of clay or mould 
is applied to the upper part of the trunk of a tree, from 
which a dwarf is intended to be taken, and clofe to its 
divifion into branches. The mould is to be confined to 
the fpot by coarfe hempen or cotton cloth, and to be 
carefully kept moifl by water. In confequence of this 
application, continued fometimes above a twelvemonth, 
fmall tender fibres (hoot down like roots from the wood 

into the mould. The part of the trunk emitting thofe 
new fibres, together with the branch rifing immediately 
above it, is then to be carefully feparated from the reft 
of the tree, and planted in new earth, in which the 
fibres become new roots, while the former branch is 
now the ftem of the vegetable thus transformed in fome 
meafure. This operation does not deftroy or alter the 
productive faculty which thofe parts enjoyed before tlieir 

feparation from their parent root. That which, while 
a branch of the original tree, bore flowers and fruit, con¬ 
tinues to produce the fame, though no longer fupport- 
ed upon any ftock. The terminal buds of fuch branches 

of trees as are meant to become dwarfs are torn off; 
which circumftance prevents the further elongation of 

thofe branches, and forces other buds and branchlets 

from the fides. Thefe branchlets are bent by wires to 
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Definition. HTHIS name marks that department of phyfico.ma- 
thematical fcience which contains the abftrad 

do&rine of moving forces ; that is, whatever necef- 
farily refults from the relations of our ideas of motion, 

and of the immediate caufes of its production and 

changes. . 
Ohie<ft of All changes of motion are confldered by us as the m- 
dynamics is dications, the chara&eriftics, and the meafures of chan- 
change of gjng caufes. This is a phyfical law of human thought, 
that condi- therefore a principle to which we may refer, and 

thing 1 from which we muft derive all our knowledge of thofe 
which we caufes. When we appeal to our own thoughts or feel- 
call its mo- ings, we do not find in ourfelves any difpofition to refer 

tion* mere exiftence to any caufe, although the beginning of 
exiftence certainly produces this reference in an inftant. 
Had we always obferved the univerfe in motion, it does 

not appear that we fhould have afcribed it to a caufe, 
till the obfervation of relative reft, or fomething leading 
to it, had enabled us to feparate, by abflraCtion, the 
notion of matter from that of motion. We might then 
perceive, that reft is not incompatible with matter; and 
we might even obferve, by means of relative motions, 
that abfolute reft might be produced by the concourfe 

of equal and oppofite motions. But all this requires 
reflection and reafoning ; whereas we are now fpeaking 

of the firft fuggellions of our minds. 
3. We cannot have any notion of motion in abJlraftQy 

without confidering it as a itate or condition of exiftence, 

which would remain, if not changed by fome caufe. It 
is from changes alone, therefore, that we infer any agen¬ 
cy in nature; and it is in thefe that we are to find all 

that we know of their caufes. 

MI'C S. 
When we look around us, we cannot but obferve Mechanical 

that the motions of bodies- have, in moll cafes, if not relation, 
always, fome relation to the fitnation, the diftance, and what* 

the difcriminating qualities of other bodies. T. he mo¬ 
tions of the moon have a palpable relation to the earth; 
the motions of the tides have as evident a relation to the 
moon ; the motions of a piece of iron have a palpable 
dependence on a magnet. The vicinity of the one 
feems to be the occafion, at leaft, of the motions of the 
other. The caufes of thefe motions have an evident 
connection with or dependence on the other body. We 
are even difpofed to imagine, that they are inherent in 
that body, and that it poffeffes certain qualities which 
are the caufes of thofe modifications of motion in other 
bodies. Thefe ferve to diftinguifh fome bodies from 
others, and may therefore be called properties ; and, 
fince the condition of other bodies fo evidently depends 
on them, thefe properties exprefs very intcrefting rela¬ 
tions of bodies, and are chiefly attended to in the enu¬ 
meration of the circumftances which afcertain what we 

call the nature of any thing. We do not mean to fay 
that thefe inferences are always juft; nay, we know that 
many of them are ill-founded : but they are real, and 
they ferve abundantly for informing us what we may 
expeCt from any propofed fituation of things. It is 
enough for us to know, that when a piece of iron is fo 

and fo fituated in relation to a magnet, it will move in 

a certain manner. 
This mutual relation of bodies is differently conflder¬ 

ed, according to the intereft that we chance to take in 
the phenomenon. The caufe of the approach of the 

iron to a magnet is generally afcribed to the magnet, 
which. 
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which is faid to 3ttrad the iron, becaufe we commonly 
employ the magnet in order that thefe motions may 
take place. The fimilar approach of a ftone to the 
earth is afcribed to the {lone, and we fay that it tends 

to the earth. In all probability, the procedure of na¬ 
ture is the fame in both; for they are obferved, in every 
inftance, to be mutual between the related bodies. As 
iron approaches a magnet, fo ‘the magnet approaches 
the iron. The fame thing is obferved in the motions 
of electrified bodies ; alfo in the cafe of the flone and 

the earth. Therefore the caufe of the motions may be 
conceived as inherent in either, or in both. 

The qualities thus inherent in bodies, conftituting 
their mechanical relations, have been called the mecha¬ 

nical affections of matter. But they are more 
commonly named powers or forces ; and the event 
which indicates their prefence, is confidered as the ef¬ 
fect and mark of their agency. The magnet is faid to 
act on the iron, the earth is faid to act on the {lone, 
and the iron and the ftone are faid to act on tht mag¬ 
net and on the earth. 

All this is figurative or metaphorical language. All 
languages have begun with focial union, and have im¬ 
proved along with it. The firft collections of words 
exprefted the moft familiar and the moll interefting no¬ 
tions. In the procefs of focial improvement, the num¬ 
ber of words did not increafe in the fame proportion 
with the notions that became interefting and familiar in 
their turn: for it often happened that relations of certain 
ideas fo much refembled the relations of certain other 
ideas, that the word expreffing one of them ferved very 
well for expreffing the other; becaufe the diffimilar cir- 
cumftances of the two cafes prevented all chance of mif- 
take. Thus we are faid to furmount a difficulty without 
attaching to the word the notion of getting over a fteep 
hill. Languages are thus filled with figurative expreffions. 

Power, Force, and Action, are words which muft 
have appeared in the language of the moft Ample peo¬ 
ple ; becaufe the notions of perfonal ability, ftrength, 
and exertion, are at once the moft familiar and the moft 
interefting that can have a place in the human mind. 
Thefe terms, when ufed in their pure, primitive fenfe, 
exprefs the notions of the power, force, and adion of 
a fentieut, adive, being. Such a being only is an 
agent. The exertion of his power or force is (exclu- 
fively) adion : But the relation of caufe and effed fo 
much refembles in its refults the relation between this 
force and the work performed, that the fame term may 
be very intelligibly employed for both. Perhaps the 
only cafe of pure unfigurative adion is that of the 
mind on the body. But as this is always with the 
defign of producing fome change on external bodies,, 
we think only of them; the inftrument or tool is over¬ 
looked, and we fay that we a61 on the external body. 
Our real adion therefore is but the firft movement in 
a long train of fucceffive events, and is but the remote 
caufe, of the interefting event. The refemblance to fiich 
adions is very ftrong indeed in many cafes of mechani¬ 
cal phenomena. A man throws a ball by the motion 
of his arm. A fpring impels a ball in the fame manner 

by unbending. Thefe two events refemble each other 
in every circumftance but the a£iion of the mind on the 

corporeal organ—the reft of it is a train of pure me- 
chanifm. In general, becaufe the ultimate refults of 

the mutual influence of bodies on each, other greatly 

501 M I C S. 
refemble the ultimate refults of our a6lions on bodies, 
we have not invented appropriated terms, but have con¬ 
tented ourfelves with thofe already employed for ex¬ 
preffing our own adions, the exertions of our own 
powers or forces. The relation of phyfical caufe and 
effed is exprefted metaphorically in the words which 
belong properly to the relation of agent and adion.. 

This has been attended by the ufual confequences of 
poverty of language, namely, ambiguity, and fometimes- 
miftake, both in our refiedions (which are generally 
carried on by mental difcourfe), our reafonings, and- 
our conclufions. It is neceffary to be on our guard 
againft fuch miftakes ; for they frequently amount to 
the confounding of things totally different. Many phi- 
lofophers of great reputation, on no better foundation 

than this metaphorical language, have confounded the 
relations of adivity and of caufation, and even denied 
that there is any difference ; and they have ajftrmed, 
that there is the fame invariable relation between the 

determinations of the will and the inducements that 
prompt them, as there is between any phyfical power 
and its effed. Others have maintained, that the firft 
mover in the mechanical operations, and indeed through 
the whole train of any complicated event, is a perci¬ 
pient and intending principle in the fame manner as in 

our a6tions. According to thefe philofophers, a particle 
of gravitating matter perceives its relation to every other 
particle in the univerfe, and determines its own motion 
according to fixed laws, in exad conformity to its fitu- 
ation. But the language, and even the adions of ail 
men, {hew that they have a notion of the relation of ail 
agent to the adion, eafily diftinguiftiable (becaufe all 
diftinguifti it) from the relation between the phyfical 
caufe and its effed. The proofs of this fad have been 
adduced in other parts of the Encyclopaedia Britannica, 
as, for example, in the article Philosophy, n° 42. a:;d 
in this Supplement in the.article Action, 

Thefe remarKs are not made in this place for any phi¬ 
lological purpofe, fucl\ as the mere improvement of lari, 
guage ; but becaufe this metaphorical language has af- 
feded the dodrines of mechanical philofophy, and ha3 
produced a difpute about fome of its firft principles; and 
becaufe we find that the only way to decide this difputer 
is to avoid, moft fcrupuloufty, all metaphorical language,, 
though at the expence of much circumlocution. $ 

When we fpeak of powers or forces as refiding in a DircdlionT 
body, and the effed as produced by their exertion, the for the fafe 
body, confidered as pofieffing the power, is faid to act empl°yf',. 

on the other.. A magnet is faid to aft on a piece of^Iocy. 
iron ; a billiard ball in motion is- faid to ad on one 
that is hit by it ; but if we attempt to fix our atten¬ 

tion on this adion, as diftind both from the a<rcnt 
and the thing adedon, we find no objedr of contem¬ 
plation-— tne exertion or procedure of nature in produ¬ 
cing the effed does not come under our view. When, 
we /peak of the adion as diftind from the agent, we. 
find that it is not the adion, properly fpeaking, but 

the ad, that we fpeak of. In like manner, the'adion. 
of a mechanical power can be conceived only in the ef¬ 
fed produced. 

A man is not find to ad unlefs he produces fome Adi ion 
effed. Thought is the ad of the thinking principle ; implies 

motion of the limb is the ad of the mind on it. In change; 

mechanics, alfo, there is adion only in fo far as there and.mere’ 
is mechanical effed produced. I muft ad violently 

ordes 
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order to begin motion on a Hide i I mult exert force, 
and this force exerted produces motion. I conceive 
the production of motion, in all cafes, as the exertion 

of force ; but it requires no exertion to continue the 
motion along the Hide ; I am confcious of none, there- 
fore I ought to infer that no force is neceflary for the 
coatinuatTon of any motion. The continuation of mo¬ 

tion is not the production of any new effeCt, but the 
permanency of an effeCt already produced. . We in« 
deed confider motion as the effe&.of an aCtion; but 

there would be no effe& if the body were not moving. 
Motion is not the aCtion, but the effeCt of the aCtion. 

prJon Mechanical a&ions have been ufualiy claffed under 

pulfton. * two heads : they are either Pressures or Impulsions. 

They are generally confidered as of different kinds j the 

exertions of different powers. Pressure is fuppofed 

to differ effentially from Impulse. 

Inflead of attempting to define, or deferibe, thefe 

two kinds of forces and a&ions, we (hall jufl mention 
feme inftances. This will give us all the knowledge of 

their diftin&ions that we can acquire. 
Examples When a ball lies on a table, and I prefs it gently on 
of preffion. one fide, it moves toward the other fide ot the table. 

If I follow it with my finger, continuing my preffure, 

it accelerates continually in its motion. In like man¬ 
ner when I prefs on the handle of a common kitchen 

jack, the fly begins to move. If I continue to urge or 
"prefs round the handle, the fly accelerates continually, 
and may be brought into a ftate of very rapid motion. 

Thefe motions are the effedls of genuine prtfiure. I he 
ball would be urged along the tabic in the fame man¬ 
ner, and with a motion continually accelerated, by the 
unbending of a fpring. Alfo, a fpring coiled up round 
the axis of the handle of the jack would, by uncoiling 

itfelf, urge round the fly with a motion accelerating m 
tilt fame way. The more I refleft on the preffure of 

my finger on the ball, and compare, it with the effect 
of the fpring on it, the more clearly do 1 fee the per- 
feft fimilarity ; and 1 call thefe influences, exertions, 
or a&ions, by one name, pressure, taken from the 

nioil familiar inftance of them. . 
Again, the very fame motion may be produced in 

the ball or fly, by'pulling the ball or the machine by 
means of a thread, to which a weight is fufpended. As 
both are motions accelerated in the fame manner, I call 

the influence or aftion of the thread on the ball or ma- 
chine by the fame name pressure, and weight is con- 

fidered as a prefiing power. Indeed I feel the fame com- 
prefiion from the real preffure of a man on my ftioul- 

ders that I would feet from a load laid on them, but 
the weight in our example is acting by the intervention 

of the thread. By its preffure, it is pulling at that part 
of the thread to which it is fattened ; this part is pul¬ 

ling at the next by means of the force of conetion ; and 

this pulls at a third, and fo on, till the molt remote 
pulls at the ball or the machine. Thus m^y elalticity, 
weight, coheiion, and other forces,, perform the oitiee 
of a*genuine power ; and fince their refult is always a 

motion beginning from nothing, and accelerating y 
perceptible degrees to any velocity, this refemblance 

irakes us call them by one familiar name. 
But farther, I fee that if the thread be cut, the 

weight will fall with an accelerated motion, which I will 

increafe to any degree, if the fall be great enough. I 
aferibe this alfo to a prefiing power a&ing on the: 
weight. Nay, after a very little refinement, I coniiaer 

this power as the caufe of the body’s weight; which 
word is but a diftinguifhing name for this particular 
inftance of prefiing power. Gravitation is therefore 
added to the lift of prefiures ; and, for fimilar reafons, 
the attra&ions and repulfions of magnets or ele&ric bo¬ 
dies may be added to the lift; for they produce a&ual 
comprefiions of bodies placed between them, and they 
produce motions gradually accelerated, precifely as gra¬ 
vitation does. Therefore all thefe powers may be dii- 

tinguifhed by this deferiptive name prejfures> which, in 
ftri& language, belongs to one of them only. 

Several writers, however, fubdivide this great clafs Gravity, 
into prefiions and folicitations. Gravity is a folicita. tractions, 
tion ab extra, by which a body is urged downward, and repul« 

In like manner, the forces of magnetifm and ele&ricity, c™bdtrcd 
and a vail variety of other attra&ions and repulfions, as prefr10ns» 
are called folicitations. We fee little ufe for this dil- 
tin&ion, and the term is too like an affe&ion of mind. 

Impulsion is exhibited when a ball in motion p^tsExamples 
another ball into motion by hitting, or (to fpeak met a-of impuU 
phorically) by ftriking it. The appearances here are Gon. 

very different. The body that is (truck acquires, in 
the inftant of impulfe, a fenlible quantity of motion, and 
fometimes a very rapid motion. This motion is neither 
accelerated nor retarded after the flroke, unlefs it be af- 
fe&ed by fome other force. It is alfo remarked, that 
the rapidity of the motion depends, inter'alia, on the 
previous velocity of the ftriking body. For inftance, 
if a clay ball, moving with any velocity, ftrike another 
equal ball which is at reft, the (truck bail moves with 
half the velocity of the other. And it is farther re¬ 
markable, that the ftriking body always lofes as much 
motion as the ftruck body gains. This univerfal and ‘ 
remarkable fad feems to have given rife to a confuted 
or indiftindl notion of a fort of transference of motion 
from one body to another. The phrafeology in gene¬ 
ral ufe on this fubje& exprefies this in the mod precife 
terms. The one ball is not faid to caufe or produce 
motion in the other, but to communicate motion to it ; 
and the whole phenomenon is called the communication 
of motion. We call this an indiJlinB notion ; for furely Com muni* 
no one will fay that he has any clear conception of it. cation of 1 

We can form the mod diftln& notion of the communi- 
cation of heat, or of the caufe of heat; of the communi-^?^ * 
cation of faltnefs, fweetnefs, and a tltoufand other 

things ; but weeannot conceive bow part of that iden¬ 
tical motion which was formerly in A, is now infufed 

into B, being given up by A. It is in our attempt to 
form this notion that we find that motion is not a 
thing, not a fubftance which can ex id independently, and 
is fufceptible of a&ual transference. It appears in this 
cafe to be a Hate, or condition, or mode of exiftence, 
of which bodies are fufceptible, which is producible, or 
(to fpeak without metaphor j caufable, in bodies, and 

which is the effe& and charafterifiic of certain natural 
qualities, properties, or powers. We are anxious to have 

our readers imprefled with clear and precife notions on 
this fubje&, being confident that fuch, and only fuch, 
will carry them through fome intricate paths of mecha¬ 

nical and philofophical refearch. . xo 
The remarkable circumftance in this phenomenon is, lMherenf 

that a rapid motion, which requires for the effe&ing itfone -l9 the 
the a&ion of a prefiing power, continued for a tenfible,di(hn<ftive 

and frequently a long time, feems to be effeded in 

inftant by impulfion. This has tended much to fup- p 

port the notion of the a&ual transference of fomething 
formerly 
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formerly poffeffed exclufively by the fir iking body, in¬ 

hering in it, but feparable, and now transfufed, into 
the body ftriken. And now room is found for the 
employment of metaphor, both in thought and lan¬ 
guage. The Jinking body affe<fts the body which it thus 
impels : It therefore poffeffes the power of impulfion, 
that is, of communicating motion. It poffeffes it only 
while it is in motion. This power, therefore, is the 
efficient diftinguifhing caufe of its motion, and its only 
office mull be the continuation of this motion. It is 

therefore called the inherent force, the force inhe¬ 
rent in a moving body, vis insita corpori moto. This 

force'is transfufed into the body impelled ; and therefore 
the transference is iuftantaueous, and the impelled body 
continues its motion till it is changed by fome other ac¬ 
tion. All this is at firlt fight very plaufible ; but a 
fcrupulous attention to tliofe feelings which have given 
rife to this metaphorical conception, fhould have pro¬ 
duced very different notions. I am confcious of exer¬ 
tion in order to begin motion on a Hide ; but if the ice 
be very fniooth, 1 am confcious of no exertion in order 
to hide along. My power is felt only while 1 am con- 
feious of exerting it : Therefore I have no primitive 
feeling or notion of power while I am fliding along. I 
am certain that no exertion of power is neceffary here. 
Nay, 1 find that I cannot think of my moving forward 

without effort otherwife than as a certain mode of my 
exiftence.. Yet we imagine that the partifans of this 
opinion did really deduce it in fome ffiape from their 
feelings. We muff continue the exertion of walking in 
order to walk on ; our power of walking muff be conti¬ 
nually exerted, otherwife we fhall flop. But this is a very 
imperfedt, incomplete, and carelefs obfervation. Walk¬ 
ing is much more than mere continuance in progreffive 
motion. It is a continually repeated lifting our body 
up a fmall height, and allowing it to come down again, 

ir This renewed afeent requires repeated exertion. 
And laid to We have other obfervations of importance yet to 

j*e ma^e on f°rce °f moving bodies, but this is not 

tLf^prek tlie moft ProPer occafion. Mean while we muff remark, 
Hon. that the instantaneous produ&ion of rapid motion by 

impulfe has induced the fir ft mechanicians of Europe 
to maintain, that the power or force of impulfe is un- 
fufceptible of any comparifon with a prtffing power. 
I hey have afferted, that impulfe is infinitely great when 
compared with, preffure; not recolie&ing that they held 
them to be things totally difparate, that have no pro¬ 
portion more than weight and fweetnefs. But thefe 
gentlemen are perpetually enticed away from their creed 
by the fimilarity of the ultimate refuits of preffure and 
impulfe.. No perfon can find any difference between 
the motion of two balls moving equally fwift, in the 
fame diredUon, one of which is defeending by gravity 
and the other has derived its motion from a blow. 
This ftruggle of the mind to maintain its faith, and yet 
accommodate its dodlrines to what we fee, has occa- 
fioned fome other curious forms of exprefiion. Preffure 
is confidered as an effort to produce motion. When a 
ball lies on a table, its weight, which they call a power, 
continually and repeated endeavours (mark the meta¬ 
phorical word and thought) to move the ball down- 
ward. But thefe efforts are ineffedlual. They fay that 
this ineffectual power is dead, and call it a vis mortua; 

but the force of impulfion is called a vis viva, a living 
force. . But this is very whimfical and very inaccurate. 

If the impelling ball falls perpendicularly on the other 

lying on the table, it will produce no motion any more 
than gravity will ; and if the table be annihilated, gra¬ 

vity becomes a vis viva. 

We muft now add, that in order to prove that im- Arguments 
pulfe is infinitely greater than preffure, thefe mechanic!- irdiflindfc 
ans turn our attention to many familiar facts which plead a»d mcon- 

ftrongly in their favour. A carpenter will drive a nanU1Ve* 
into a board with a very moderate blow of his hammer. 

This will require a preffure which feems many hundred 
times greater than the impelling effort of the carpenter, 

A very moderate blow will ihiver into pieces a diamond 
which would carry the weight of a mountain. Seeing 
this prodigious fuperiority in the impulfe, how fhall 
they account for the production of motion by means of 
preffure ? for this motion of the hammer might have 
been acquired by its falling from a height ; nay, it is 
actually acquired by means of the continued preffure of 
the carpenter’s arm. They cor fider it as the aggregate 
of an infinity of fucceeding preffures in every inilant of 
its continuance ; fo that the infignificant fmallnefs of 
each effort is compenfated by their inconceivable num-. 
ber. 

On the whole, we do not think that there is clear No diffe- 
evidence that there are two kinds of mechanical forcerence be. 
effentially different in their nature. It is virtually gi- *ween Pref* 

ven up by thofe who fay that impulfe is infinitely great-fopdfion. 
er than preffure. Nor is there any confiderable advan¬ 
tage to be obtained by arranging the phenomenon un¬ 
der thofe two heads. We may perhaps find fome me¬ 

thod of explaining -fatisfadlorily the remarkable diffe- , 
rence that is really obferved iu the two modes of pro¬ 
ducing motion ; namely, the gradual production of mo¬ 

tion by acknowledged preffure, and the inftantanecus 
production of it by impulfe. Indeed, we fhould not 
have taken up fo much of our reader’s attention with 
this fubjeCI, had it not been for fome inferences that 
have been made from thefe premifes, which meet ns in 
our very entry on the coniideration of firft principles,, 
and that are of extenfive influence on the whole fcience 
cf mechanical philofophy, and, indeed, on the whole 
ftudy of nature. 12 

Mechanicians are greatly divided in their opinion Is impul- 

about the nature of the foie moving force in Nature.fion the fole 
Thofe whom , we are now fptaking of, feem to think 
that all motion is produced by preffure : For when 
they confider impulfe as equivalent to the aggregate of 
an infinity of repeated preffures, they undoubtedly fup- 
pofe any preffure, however infignificant, as a moving 
force. But there is a party, both numerous and re- 
fpeClable. who maintain that impulfion is the foie caufe 
of motion. We fee bodies in motion, fay they, and we 
fee them impel others; and we fee that this produ&ion of 
motion is regulated by fuch laws, that there is but one 
abfolute quantity of motion in the univerfe which re¬ 
mains unalterably the fame. It muft therefore be tranf- 
fufed in the aCts of collifion. We alio fee, with clear 
evidence, in fome cafes, that motion can produce pref¬ 
fure. Euler adduces fome very whimfical and compli¬ 
cated cafes, in which an a&ion, precifely fimilar to pref¬ 
fure, may be produced by motion. Thus, two balls 

corme&ed by a thread, may be fo ftruck that they fhall 
move forward, and at the fame time wheel round. In 

this cafe the conne&ing thread will be ftretched be- s 

tween them. Now, fay the philofophers, fince we fee mo¬ 
tion, and fee that preffure may be produced by motion^, 

it is prepofterous to imagine that it is any thing elfe than 
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a refult of certain motions ; and it is the bufinefs of a 
philofopher to inquire and difcover what motions pro¬ 

duce the. prefiures that we obferve. 
They then proceed to account for tliofe preffing 

•powers*, or folicitations to motion, which we obferve in 
the acceleration of falling bodies, the attractions of mag* 
netifcn and eleCtricity, and many, other phenomena of 

this kind, where bodies are put in motion by the vici¬ 
nity of other bodies, or (in the popular language) by 
the aCtion of other bodies at a diftance. To fay that a 
magnet cannot aCt on a piece of remote iron, is to fay 

that it can aCt where it is not; which is as abfurd as 

to fay, that it can aCt when it is not. Nihil movelur, 

fays Euler, nifi a contiguo et moto. 
The bulk of thefe pliilofophers are not very anxious 

about the way in which thefe motions are produced, 

nor do they fall upon fuch ingenious methods of pro¬ 
ducing preflu re as the one already mentioned, which 
was adduced by Euler. The piece of iron, fay they, 

is put in motion when brought into the neighbourhood 
of a magnet, becaufe there is a flream of fluid ifluing 
from one pole of the magnet, which circles round the 

-magnet, and enters at the other pole : This flream im¬ 
pels the iron, and arranges it in certain determined po¬ 
rtions, juft as a flream of water would arrange the 
fiote grafs. In the fame manner, there is a flream of 

fluid continually moving towards the centre of the earth, 
which impels all bodies in lines perpendicular to the 

furface ; and fo on with regard to other like phenome¬ 
na. Thefe motions are thus reduced to very Ample 

cafes by impulfion. 
Incompa*’ It is unneceflary to refute this doClrine at prefent ; 
tible with .jt js enoUgh that it is contrary to all the dictates of 

philofophi- 

Arg. 

How does 

it produce 

prefTui e ? 

13 
Others 

maintain 

that pref¬ 

ill re is the 

common fenfe. To fuppofe an agent that we do not fee, 
and for whofe exiftence we have not the fnaaUeft argu¬ 

ment ; with equal propriety we might fuppofe mini- 

flering fpirits, or any thing that we pleafe. 
Other philofophers are fo diffatisfied with this notiort 

of the produftion of prelfure, that they, on the other 

: , hand, affirm that preffiire is the only moving force in 
iure 13 the nature . not acc0rding to the popular notion of pref- 

fure, by the mutual contaa of folid bodies, but that 
kind of prelfure which has been called felicitation ; fuch 

as the power of gravity. They affirm, that there is no 
fuch thing as contaft on inftantaneous communication 
of motion by real collifion. They fay (and they prove it 

by very convincing fadls (fee Optics, n° 63 68. En- 
cycl.), that the particles of folid bodies exert very ftroiig 
repulfions to a fmall diftance ; and therefore, when they 
are brought by motion fufficiently near to another bo- 

dy, they repel it, and are equally repelled by it. . Thus 
is motion produced in the other body, and their own 

motion is diminiffied. And they then ffiew, by a feru- 
pulons confidcration of the llate of the bodies while the 
one is advancing and the other retiring, in what man¬ 
ner the two bodies attain a common velocity, fo that 
the quantity of motion before collifion remains unchan¬ 
ged, the one body gaining as much ae.the other lofes. 
They alfo (hew cafes of fuch mutual aftion between 
bodies, where it is evident that they have never come 
into contaft ; and yet the refult has been precifely fimi- 
lar to thofe cafes where the motion appeared to be 
changed in an inftant. Therefore they conclude, that 
there is no fuch thing as inftantaneous communication, or 
transfuflon of motion, by contaft in collifion or impulfe. 

The reafon why previous motion of the impelling body 

MICS. 
is necefiary, is not that it m3y have a vis infita rerpnri 
motoy a force inherent iu it by its being in motionbut 
that it may continue to follow the impelled and retiring 

body, and exert on it a force inherent in itfelf, whether 
in motion or at reft. — According to thefe philofophers, 

therefore, all moving forces are of that kind which has 
been named folicitation ; fuch as gravity. We fhall know 
it afterwards by the more familiar and deferiptive name 

of Accelerating or Retarding force. 14 
The exertions of mechanical forces are differently ABlon^ Re* 

termed, according to the reference that we make to 
refult. If, in boxing or wreftling, 1 ftrike, or endea¬ 
vour to throw my antagonift, I am fajd to act ; but 
if I only parry his blows, or prevent him from throwing 
me, I am faid to resist. This diftin£lion is applied 

to the exertions of mechanical powers. When one bo¬ 
dy A changes the motion of another B, we may conii- 
der the change in the motion of B either as the indica¬ 
tion and meafure of A’s power of producing motion, or 
as the indication and meafure of A’s refiftance to the 
being brought to reft, or having its motion any how 
changed. The diftin&ion is not in the thing itfelf, but 

only in the reference that we are difpofed, by other 

conflderations, to make of its effed. They may be 
diftinguifhed in the following manner : If a change of 
motion follow when one of the powers ceafes to be ex¬ 
erted, that power is conceived as having refilled. The 
whole language on this fubjedl is metaphorical. Re¬ 
fiftance, effort, endeavour, &c. are words which cannot 
be employed in mechanical difeuffions without figure, 

becaufe they all exprefs notions which relate to fentient 
beings ; and the unguarded indulgence of this figura¬ 
tive language has fo much affe&ed the imagination of 
philofophers, that many have almoft animated all mat¬ 
ter. Perhaps the word Reaction, introduced (we 
think) by Newton, is the beft term for exprefling that 
mutual force which is perceived in all the operations of 

nature that we have inveftigated with fuccefs. As the 
magnet attracts iron, and in fo doing is faid to aft on 
it ; fo the iron attracts the magnet, and maybe faid to 

read on it. *5 
With refpe£l to the difficulty that has been objected We need 

to the opinion of thofe who maintain that all the me-a^ion^t°a 
clianical phenomena are produced by the agency of at-dJftanc^ 

trailing or repelling forces ; namely, that this fuppofes Tendency, 
the bodies to a& 011 each other at a diftance, however 
fmall thofe dillances may be, which is thought to be 
abfurd, we may obferve, that we iflay afenbe the mu¬ 
tual approaches or recedes to tendencies to or from 
each other. What we call the attraction of the magnet 
may be confidered as a tendency of the iron to the mag¬ 
net, fomewhat flmilar to the gravitation of a (lone to¬ 
ward the earth. We furely (at leaft the unlearned) 
can and do conceive the iron to be affe&ed by the mag¬ 
net, without thinking of any intermedium. Phe thing 
is not therefore inconceivable ; which is all that we 
know about abfurdity : and we do not know any thing 
about the nature or eflence of matter which renders this 

tendency to the magnet impoffible. That we do not 
fee intuitively any reafon why the iron fhould approach 
the magnet, mu ft be granted; but this is not enough 
to entitle us to fay, that fuch a thing is impoffible or m- 
conflftent with the nature of matter. It appears, there¬ 
fore, to be very hafty and unwarrantable, to fuppofe the 
impulfe of an invifible fluid, of which we know nothing, 

and of the exiftence of which we have no proof. Nay, 
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ff ft be true that bodies do not come into contad, even 
when one ball hits another, and drives it before it, this 
inWiible fluid will not folve the difficulty; becaufe the 

fame difficulty occurs in the adion of any particle of 
the fluid on the body. We are obliged to fay, that the 

production of motion without any observed contad, is a 
much more familiar phenomenon than the produdion 
of motion by impulfion. More motion has been pro¬ 

duced in this way by the gravitation of a fmall ft ream 
of water, running ever fmee the creation, than by all 
the impulfes in the world twice told. We do not mean 
by this to fay, that the giving to this obferved mutual 

relation between iron and a loadftone the name ten¬ 
dency makes it lefs abfurd, than when we fay that the 
loadftone attrads the iron ; it ofily makes it more con¬ 

ceivable : It fuggefts a very familiar analogy ; but both 
are equally figurative expreffions ; at leaft as the word 
tendency is ufed at prefent. Iri the language of ancient 
Rome, there was no metaphor when Virgil's hero laid, 
'Tendimus In I^atium, ^Tendere verfus folem means, in 
plain Latin, 10 approach the fun. The fafe way of con¬ 
ceiving the whole is to fay, that the condition of the 
iron depends on the vicinity of the magnet. 

When the exertions of a mechanical power are ob¬ 
served to be always dire&ed toward a body, that body 
is faid to attract; but when the other body always 
moves off from it, it is faid to repel. Thefe alfo are 

metaphorical expreffions. 1 attrad a boat when I pull 
it toward me by a rope ; this is purely Attraction : 
and it is pure, unfigurative Repulsion, when I pufli 
any body from me. The fame words are applied to 
the mechanical phenomena, merely becaufe they re¬ 
ferable the refults of real attradion or repulfion. We 
muft be much on our guard to avoid metaphor in our 

conceptions, and never allow thefe words to fuggeft 
to our mind any opinion about the manner in which the 
mechanical forces produce their effeds. It is plain, 
that if the opinion of thofe who maintain the exiftence 

and adion of the above-mentioned invifible fluid be 
juft, there is nothing like attradfon or repulfion in the 
umverfe. We muft always recur to the Ample pheno¬ 
menon the motion to or from the attradion or repel¬ 
ling body ; for this is all we fee, and generally all that 
we know. 

We conceive one man to have twice the ftreneth of 
another man, when we fee that he can with Hand the 
umted effort of two others. Thus animal force is con- 
ceived as a quantity, made up of, and meafured bv, its 
own parts. But we doubt exceedingly whether this 
be an accurate conception. We have not a diftindt 110- 
tion of one ftrain added to another ; though we have of 
them being joined or combined. We want words to 
exprefs the difference of thefe two notions in our own 

mmds; but we imagine that others perceive the fame 
difference. We conceive clearly the addition of two 
lines or of two minutes; we can conceive them apart, 
and perceive their boundaries, common to both, where 
one ends and the other begins. We cannot conceive 
thus of two forces combined ; yet we cannot fay, that 
twoequal forces are not double of one of them. We 

meaiure them by the effefts which they are known to 
produce. Yet there are not wanting many cafes where 
the action of two men, equally ftrong, does not produce 
a double motion. 

In like manner, we conceive all mechanical forces as 
meafurable by their effefts ; and thus they are made 

Suppl. Voi. I. Part II. 1 
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the fubjefts of mathematical difeuffion. We talk of 
the proportions of gravity, magnetifm, eleftricity, &c. j 
nay, we talk of the proportion of gravity to magne- 

tifm : Yet thefe, confidered in themfelves, are difpa- 
late, and do not admit of any proportion ; but they 

produce effeds, feme of which are meafurable, and 

whofe affumed meafures are fufceptible of companion, 
being quantities of the fame kind. Thus, one of the 

effects of gravity is the acceleration of motion in a fall¬ 
ing body ; magnetifm will alfo accelerate the motion 
of a piece of iron ; thefe two accelerations are compa¬ 
rable. But we cannot compare magnetifm with heat; 
becaufe we do not know any meafurable effeds of mag¬ 
netifm that are of the fame kind with any effeds of 
heat. 

\\ hen we fay, that the gravitation of the moon is thegy 

3600th part of the gravitation at the fea-fhore, we effeds. 
mean that the fall of a ftone in a fecond is 3600 times 
greater than the fall of the moon in the fame time. 

But we alfo mean (and this expreffes the proportion of 
the tendency of gravitation more purely), that if a ftone, 
when hung on a fpring fteelyard, draw out the rod of 
the fteelyard to the mark 3600, the fame ftone, taken 
up to the diftance of the moon, will draw it out no 

further than the mark 1. We alfo mean, that if the 
ftone at the fea-fhore draw out the rod to any mark, 
it will require 3600 filch Hones to draw it out to that 
mark, when the trial is made at the diftance of the moon. 

t 13 not, therefore, in consequence of any immediate 
perception of the proportion of the gravitation at the 
moon to that at the fin-face of the earth that we make 
fuch aii aflertion ; but thefe motions, which we conii- 

^der as its effeds in thefe li tu at 1011s, being magnitudesof 
the fame kind, are fufceptible of companion, and have 

a proportion which can be afeertained by obfervation. 
It is thefe proportions that we contemplate ; although 
we fpeak of the proportions of the nnfeen caufes, the 
forces, or endeavours to defcond. It will be of mate¬ 
rial feryice to the reader to perufe the judicious and 

acute diflertatmn on quantity in the 45th volume of the 
rhilofophical Tranfadions ; or he may ftudy the article 

Quantity hi the Encyclopedic^ where, we truft, he 
will lee clearly how force, velocity, denfity, and many 

other magnitudes of very frequent occurrence in me¬ 
chanical philo fop by, may be made the fubjeds of ma¬ 

thematical dileuffion, by means of fome of thole proper 
quantities, meafurable by their own parts, which are to 

be affumed as their meafures. Preflures are meafurable 
omy by preflures. When we, comider them as mo¬ 
ving powers, we fliould.be able to meafure them by any 

moving powers, otherwife wc cannot compare them • 
therefore it is not as prefTures that we then meafure 
them. i ins obfervation is momentous. 

One circumftance muft be carefully attended to. 
I hat thofe affumed meafures may be accurate, they 
muft be invariably conneded with the magnitudes which 
they are employed to meafure, and fo conneded, that 
the degrees of the one muft change in the fame manner 

with the degrees of the other. This is evident, and is 
granted by all. But we muff alfo know this of the mea¬ 
fure we employ ; we muft fee this conftant and precife 
relation. How can we know this i We do not per 

ce.ve force as a feparate exiftence, fo as to fee its pro- 
portions, and to fee that thefe are the fame with the 
proportions of the meafures, in the fame manner that 

Luchd fees the proportions of triangles and thofe of 
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their bafes, and that thefe proportions are the fame, 
when the triangles are of equal altitudes. How do 
we difcover that to every magnitude which we call force 
is invariably attached a correfponding magnitude of 
acceleration or defleftion ?-Clearly. In fa&, the very 
evidence of the force is an inference that we make 
from the obferved acceleration ; and the degree of 
the force is, in like manner, an inference fiom the ob- 
ierved magnitude of th^ acceleration. • Our meafures 
are therefore neccffarily connected with the magnitudes 
which they meafurc, and their proportions are the fame ; 

becaufe the one is always an inference from the other, 

both in fpecies and in degree. 
• It is now evident, that thefe difquifitions are fufcep- 

is^demon-tible of mathematical accuracy. Having feledted our 
ftrative meafures, and obferved certain mathematical -relations 
icience. 0f th0fc meafures, every inference that we can draw 

from the mathematical relations of the proportions of 
thofe reprefentations is true of the proportions of the 
motions; and therefore of the proportions of the forces. 
And thus dynamics becomes a demonftrative fcience, 

one of the dijciplir.it accurate. _ 
19. But moving forces are eonfidered as differing alfo in 

kind ; that is, in dire&ion. We affign to the force 
the direftion of the obferved change of motion ; which 
is not only the indication, but alfo the chara&eriftic, of 
the changing force. We call it an accelerating, retard¬ 
ing, defeSing, force, according as we cbfervethe motion 

to be accelerated, retarded, or deflefted. 
Thefe denominations (hew 11s inconteftably that we 

have no knowledge of the forces different from our 
knowledge of the effeds. The denominations are all 

either defcriptive of the effeds, as when we call them 
accelerating, penetrating, protrufive, attradive, or re- 

pulfive forces ; or they are names of reference to the 
fubftances in which the accelerating, protrufive, See. 

forces, are fuppofed to be inherent, as when we call them 

2a tnagnettfm, electricity ^ corpufcular, &c. ... , 
Forces a-e When I ftruggle with another, and feel, that in order 
<nfcovered to prevent being thrown, I muft exert force, I learn 

vo fit ion to’ that my antagonift is exerting force. This notion is 
cther°for- transferred to matter; and when a moving power which 
ees. is known to operate, produces no motion, we conceive 

it to be oppofed by another equal force; the exdtence, 

agency, and intenfity of which is deteded and mea- 
fured by thefe means. The quiefeent Hate of the body 
is eonfidered as a change on the ftate of things that 
would have been exhibited in conftquence of the known 
adlion of one power, had this other power not a&ed; 
and this change is eonfidered as the indication, cnarac- 

terillic, and meafure of another power, detected in 
this way. Thus forces are recognifed not only by the 
changes of motion which they produce, but alfo by 

the changes of motion which they prevent. T he co- 
liefion of matter in a firing is inferred not only by its 
giving motion to a ball which I pull toward me by its 
intervention, but alfo by its fufpending that ball, and 

hindering it from falling. I know that gr^lt:y 1S ajr" 
iiig on the ball, which, however, does not fall. The So¬ 
lidity of a board is equally inferred from its flopping 
the ball which flrikes it, and from the motion of the 
ball which it drives before it. In this way we learn 
that the particles' of tangible matter cohere by means, ot 
moving forces, and that they refill compreffion with 
force ; and in making this inference, we find that this 

corpufcular force exerted between the particles is spu- 

M I C S, 
tual, oppofite, and cqu/: for wc rnuft apply force 
equally to a or to b, in order to produce a feparation 
or a compreffion. We learn their equality, by obfer- 
ving that no motion enfues while thefe mutual forces 
are known to a£l on the particles ; that is, each is op¬ 
pofed by another force, which is neither inferior nor Su¬ 

perior to it. 

Of the Lav/s of Motion. 

Such, then, being our notions of mechanical forces, 

the caufes of the fenfihle changes of motion., there will 
refult certain confequences from them, whicn may be 
called axioms or laws of motion. Some of thefe may 
be intuitive, offering themfelves to the mind as foon as 
the notions which they involve are prefented to. it. 
Others may be as neceffary refnlts from the relations 
of thefe notions, but may not readily offer themfelves 
without the mediation of axioms of the firfl clals. We 
flvall feledl thofe which are intuitive, and may be taken 
for the firfl principles of all difeuffions in mechanical 

philofophy. 

First Law of Motion. 

Every body continues in a fate of ref, or of uniform rec¬ 
tilineal motion, unlefs affected by fome mechanical force. 

This is a propofition, on the truth of which the whole 
fcience of mechanical philofophy ultimately depends. It 
is therefore to be eflablifhed on the firmeil foundation ; 
and a folicitude on this head is the more juflifiable, 

becaufe the opinions of philofophers have been, and full 
are, extremely different, both with refped to the truth 
of this law, and with refpea to the. foundation on 
which it is built. Thefe opinions are, m general, very 
obfeure and unfatisfadory ; and, as is natural, they in¬ 

fluence the difeuffions of thofe by whom they are held 
through the whole fcience. Although, of contradic¬ 

tory opinions one only can be juft, and it may appear 
fuflicient that this one be eflablifhed and uniformly ap¬ 

plied ; yet a fhort expofition, at leaft, of the reft is 
ceffary, that the greateft part of the writings of the phi- 
lofophers may be intelligible, and.that we may avail our- 
felves of much valuable information contained in them, 
by being able to perceive the truth in the midft of their 

imperfect or erroneous conceptions of it. # 22 
It is not only the popular opinion that reft, is the Does coi, 

natural ftate of body, and that motion is fomething fo-tinued rrj. 

reign to it, but it has been ferioufly matt itaine yt e cate coni* 
greateft part of thofe who are efteemed philofophers. nuea ac-i 
They readily grant that matter will continue at relation? 

unlefs fome moving force aft upon it. Nothing feems 
neceffary for matter’s remaining where it is, but its 

continuing to exift. But it is far otherwife, fay they, 
with refpedt to matter in motion. Here the body is 
continually changing its relations to other things; there¬ 

fore the continual agency of a changing caufe is necei- 
fary (by the fundamental principle of all philofophical 
difeuffion), for there is here the continual production 
of an effed. They fay that this metaphyfieal argu¬ 
ment receives complete confirmation (if confirmation 

of an intuitive truth be neceffary) from the moft fami¬ 
liar obfervation. We fee that all motions, however 
violent, terminate in reft, and that the continual exer¬ 
tion of fome force is neceffary for their continuance. iJS , 

Thefe philofophers therefore affert, that the cont,-™ 
nual aaion pf the moving caufe is ejfentially neesliary eiemenl 

rnr_ 
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Firft Law for the continuance of the motion: but they differ 

of Motion. 5rnong t|iemfe]veg fn their notions and opinions about 

* ' ' this caufe. Some maintain, that all the motions in the 
univerfe are produced and continued by the immediate 
agency of Deity ; others affirm, that in every particle 
of matter there is inherent a fort of mind, the 

and of Arittole, which they call an Ele¬ 

mental Mind, which is the caufe of all its motions 

and changes. An overweaning reverence for Greek 
learning has had a great influence in reviving this doc¬ 
trine of Ariflotle. The Greek and Roman languages 
are affirmed to be more accurate expreffions of human 

thought than the modern languages are. In thofc an¬ 
cient languages, the verbs which exprefs motion are 
employed both in the a&ive and paffive voice ; whereas 
we hnve only the adh've verb to move, for expreffing 
both the ftate of motion and the a£t of putting in mo¬ 

tion. “The (tone moves down the flopc, and moves 
all the pebbles which lie in its way but in the an¬ 
cient languages the mere ftate of motion is always ex- 
prefled by the paflive or middle voice. The accurate 
conception of the fpeakers is therefore extolled. The 
ftate of motion is expreffed as it ought to be, as the 
refult of a continual a&ion.” Ktmlat, movetur, is equi¬ 

valent to “ it is moved.” According to tliefe philo 
fophers, every thing which moves is mind, and every 
thing that is moved is body. 

The argument is futile, and it is falfe; for the modern 
languages are, in general, equally accurate in this in- 
ftance : “ fe mouvoir,” in French; “ fah bewegen,” in 

German ; “ dvigatfu,” in Sclavonic ; are all paffive or 
refle&ed. And the ancients faid, that “ rain falls, wa¬ 
ter runs, fmoke rifes,” juft as we do. The ingenious 
author of Ancient Metapbyfics has taken much pains to 
gives us, at length, the procedures of tliofe elementary 
minds in producing the oftenfible phenomena of local 
motion ; but it feems to be merely an abufe of Ian- 
guage,. and a very frivolous abufe. This elemental 
mind is known and charaderifed only by the effed 
which we aferibe to its adion ; that is, by the motions 
or changes of motions. Uniform and unexcepted ex¬ 
perience ffiews us that thefe are regulated by laws as 
precife as thofe of mathematical truth. We confider 
nothing as more fixed and determined than the com¬ 
mon laws of mechanifm. There is nothing here that 
indicates any thing like fpontaneity, intention, pur- 
pofe ; none of thofe marks by which mind was firft 
brought into view : but they are very like the effeas 
which we produce by the exertions of our corporeal 
forces; and we have accordingly given the name force 
to the caufes of motion. It is furely much more ap- 
pofite than the name mind, and conveys with much 
more readinefs and perfpicuity the very notions that we 
wifh to convey. 

We now ivifli to know what reafon we have to think 
that the continual aaion of fome caufe is necelfary for 
continuing matter in motion, or for thinking that reft 
is its natural ftate. If we pretend to draw any argu¬ 

ment from the nature of matter, that matter muft be 
known, as far as is neeeffary for being the foundation 
of argument. Its very exiftence is known ‘only from 
obfervation ; all our knowledge of it muft therefore be 
derived from the fame fourcc. 

If we take this way to come at the origin of this 
opinion, we fhall find that experience gives us no au¬ 

thority for faying that reft is the* natural condition of 
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We cannot fay that we hive ever feen a body Firft t.aw 
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mattei . .. _ • LA j Vt.«V wv. tvci ICCU H yuuy J. ll lo laarv 
at reft ; this is evident to every perfon who allows thcQ^ Motion. 

validity of the Newtonian philofophy, and the truth of *- 

the Copernican fyftem of the fun and planets; all the 
parts of this fyftem are in motion. Nay, it appears 

from many obfervation3, that the fun, with his attend- 
ing planets, is carried in a certain direction, with a ve¬ 
locity which is very great. We have no unqueftionable 
authority for faying that any one of the ftars is abfo- 
lutely fixed: but we are certain that many of them are 

in motion. Reft is therefore fo rare a condition of bo¬ 
dy, that we cannot lay, from any experience, that it is 
its natural ftate. 

It is eafy, however, to fee, that it is from obferva¬ 
tion that this opinion has been derived ; but the obfer- 
yation has been limited and carelefs. Our experiments 
in this fublunary world do indeed always require conti¬ 
nued adfion of fome moving force to continue the mo¬ 
tion ; and if this be not employed, we fee the motions 

llacken every minute, and terminate in reft after no 

long period. Our firft notions of fublunarv bodies are 
indicated by their operation in cafes where we have fome 
intereft. Perpetually feeing our own exertions neceflary*, 

we are led to confider matter as fomething not only 
naturally quiefeent and inert, but fiuggilh, averfe from 
motion, and prone to reft (we muft be pardoned this 
metaphorical language, becaufe we can find no other 

term) What is expreffed by it, on this occafion, is 
precifely one of the erroneous or inadequate concep¬ 
tions that are fuggefted to our thoughts by reafon of 
the poverty of language. We animate matter in or¬ 
der to give it motion, and then we endow it with a fort 

of moral chara&er in order to explain the appearance 
of thofe motions. 

But more extended obfervat . n has made men gra¬ 
dually defert their firft opinions, and at laft allow that 
matter has no peculiar aptitude to reft. All the retar¬ 
dations that we obferve have been difeovered, one after 
another, to have a diitjna reference to fome external 
cireumftanccs. I he diminution of motion is always 
obferved to be accompanied by the removal of obfta- 
cles, as when a ball moves through fand, or water, or 
air ; or it is owing to oppofite motions which are de- 

ftroyed ; or it is owing to roughnefs of the path, or to 
fndjon, &c. We find that the more we can keeo 
thofe thmgs out of the way, the lefs are the motions 
diminiffied. A pendulum will vibrate but a fhort while 
in water; much longer in air; and in the exhaufted re¬ 
ceiver, it will vibrate a whole day. We know that we 

cannot remove all obftacles; but we are led by fuch ob- 

fervations to conclude that, if they could be completely 
removed, our motions would continue for ever. And 

this conclufion is almoft demonftrated by the motions 
of the heavenly bodies, to which we know of no ob- 
itacles, and which we really obferve to retain their mo¬ 
tions for many thoufand years without the fmalleft fen- 
fible diminution. 

Another fet of philofophers maintain an opinion dI.ln,aYi,r 
redly oppofite to that of the inaftivity of matter, andofnJter 
ailert, that it is eftentially aftive, and continually chan denied by 

ging its ftate. Faint traces of this are to be found in Lcibnitz- 
the writings of Plato, Ariftotle, and their commenta¬ 
tors Mr Leibnitz .s the perfon who has treated this 

queftion molt fyftemat.cally and fully. He fuppofes AW, 
every particle of matter to have a principle of iiulivi. what. ' 
duality, which he therefore calls a Monad. This mo- 
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Fir ft Law nad has a fort of perception of Its fituation in the univerfe, 

of Motion. an(j 0f {ts relation to every other part of this univerfe. 

'-v-Lailly, he fays that the monad a&s on the material 
particle, much in the fame way that the foul of man 
a&s on his body. It modifies the motion of the ma¬ 
terial atom (in conformity, however, to unalterable 
laws), producing all thofe modifications of motion that 

we obferve. Matter therefore, or at leaf! particles of 

matter, are continually a&ive, and continually changing 

their fituation. 
It is quite unncceffary to enter on a formal confuta¬ 

tion of Mr Leibnitz’s fyftem of monads, which differs 
very little from the fyftem of elemental minds, and is 
equally whimfical and frivolous ; becaufe it only makes 
the unlearned reader flare, without giving him any in¬ 
formation. Should it even be granted, it would not, 
any more than the a&ion of animals, invalidate the ge¬ 
neral propofition which we are endeavouring to efta- 

hliih as the fundamental law of motion. Thofe powers 
of the monads, or of the elemental minds, arc the 
caufes of all the changes cf motion ; but the mere ma¬ 
terial particle is fubjeA to the law, and requiies the 
exertion of the monad in order to exhibit a change of 

s8 motion. 
Some phi- A third fed of philoCophers, at the head of which 
lofophers we may place Sir Ifaac Newton, maintain the do&rine 

hwUoCf mo-enounced in the propofition. But they differ much in 

tion from refpeA of the foundation on which it is built, 
the want of Some affert that its truth flows from the nature of 
a deter mi- ^ thing. If a body be. at reft, and you affert that it 
ning caufc. win not reniain at reft, it muff move in fome one direc¬ 

tion. If it be in motion in any direction, and with any 
velocity, and do not continue its equable, reAilineal, 
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motion, it muff either be accelerated or retarded ; it 

*9 
Others de 
duce it 
from ex¬ 
perience. 

muft turn either to one fide, or to-fome other fide. The 
event, whatever it be, is individual and determinate ; 
but no caufe which can determine it is fuppofed : there- 

fere the determination cannot take place, and no change 
will happen in the condition of the body with refpeA 
to motion. It will continue at reft, or perfevere in its 

re&ilineal and equable motion. 
But confiderable objeAions may be made to this ar¬ 

gument, of ftrjficicnt reafon, as it is called. In the im- 
menfity and perfeA uniformity of fpace and time, there 
is no determining caufe why the viable univerfe fhould 

exift in the place in which we fee it rather than in an- 
other, or at this time rather than at another. Nay, the 
argument feems to beg the- queftion. A caufe of de¬ 
termination is required as effentially neceffary a deter¬ 

mination may be without a caufe, as well as a motion 

without a caufe. # # - 
Other plulofophers, who maintain this doclrine, con- 

fider it merely as an experimental truth ; and proofs of 

its univerfality are innumerable. , 
When a {lone is thrown from the hand, we prefs it 

forward while in the hand, and let it go when the hand 
has acquired the greateft rapidity of motion that we 
can give it. The done continues in that ftate of mo- 

> tion which it acquired gradually along with the hand. 
We can throw a ftone much farther by means of a fling; 
becaufe, by a very moderate motion of the band, we 
can whirl the ftone round till it acquire a very great 
velocity, and then we let go one of the fixings, and the 
ftone efcapes, ly continuing its rapid motion. We fee 
it ftill more diftin&ly in (hooting an arrow from a bow. 
The firing preffes hard on the notch of the arrow, and 

it yields to this preffure and goes forward. The firing Firfl Law 
alone would go fafter forward. It therefore continues <;f Morion, 

to prefs the arrow forward, and accelerates its motion. v 
This goes on till the bow is as much unbent as the 
firing will allow. But the firing is now a llralglit line. 
It came into this pofition with an accelerated motion, 

and it therefore goes a little beyond this polition, but 
with a retarded motion, being checked by the bow. 

But there is nothing to check the arrow; therefore the 

arrow quits the firing, and flies away. 
Thefe'are Ample cafes of perfeverance in a ftate of 

motion, where the procedure of nature is fo eafily tra¬ 
ced that we perceive it almofl intuitively. It is no lefs 
clear in other phenomena which are more complicated ; 
but it requires a little reflection to trace the procefs. 
We have often feen an equtftrian fhowman ride a 

horfe at a gallop, (landing on the faddle, and ftepping 
from it to the back of another horfe that gallops along- 

fide at the fame rate ; and he does this feemingly with 
as much eafe as if the horfes were (landing ftill. The 
man has the fame velocity with the horfe that gallops 

under him, and keeps this velocity while he fleps to the 
back of the other. If that other were Handing ftill, 
the man would fly over his head. And if a man fhould 
ftep from the back of a horfe that is [landing ftill to the 
back of another that gallops paft him, he would be left 
behind. In the fame manner, a flack wire-dancer toffies 

oranges from hand to hand while the wire is in full 
fwing. The orange, fwinging along with the hand, re¬ 
tains the velocity ; and when in the air follows the 
hand, and falls into it when it is in the oppofite extre¬ 
mity of'its fwing. A ball, dropped from the mafl-head 
of a fhip that is failing brifkly forward, falls at the foot 
of the mafl. It retains the motion which it had while 
in the hand of the perfon who dropped it, and follows 

the maft during the whole of its fall. 
We alfo have familiar inftances of the perfeverance 

of a body in a ftate of reft. When a veffel filled with 
water is drawn fuddenly along the floor, the water dafh- 
es over the poflerior fide of the veffel. It is left be¬ 
hind. In the fame manner, when a coach or boat is 
dragged forward,, the perfons in it find themfelves ftrike 
againfl the hinder part of the carriage or boat. Pro¬ 
perly fpeaking, it is the carnage that ftrikes on them. 
In like manner, if we lay a card on the tip of the fin¬ 

ger, and a piece of money or the card, we may nick 
away the card, by hitting it neatly on its edge ; but 
the piece of money will be left behind, lying on the tip 
of the finger. A ball will go through a wall and fly 
onward ; but the wall is left behind. Buildings are 
thrown down by earthquakes ; fometimes by being tof- 

fed from their foundations, but more generally by the 
ground on which they (land being hallily drawn fide- 

wife from under them, &c. -0 
But common experience feems infiiffleient for efta-comrnon 

blidling this fundamental propofition of mechanical pki-exvenencej 
lofophy. We mu ft, on the faith of the Copernican {y.mfufiicisnii 

Hem, grant that we never faw a body at reft, or in uni¬ 
form re&ilineal motion ; yet this, feems abfolutely ne¬ 
ceffary before we can fay that we have eflablifhed this, 

propofition experimentally. 
What we imagine, in our experiments, to be putting 

a body, formerly at reft, into motion, is, in fa&, only 
changing a moft rapid motion, not lefs, and probably 
much greater, than 90,000 feet per fecond. Suppofe 

a cannon pointed eaft, and the bullet difeharged at noon 
day 



D Y N A 
Fifft Law day with 60 times greater velocity than we have ever 

of Motion,been able to give it. It would appear to fet out with 

U’"~v this ii n mea fur able velocity to the eaftward ; to be gra¬ 
dually retarded by the refiftance of the air, and at laft 
brought to reft by hitting the ground. But, by reafon 
of the earth’s motion round the fun, the fad is quite 

the reverfe. Immediately before the difcharge, the ball 
was moving to the weftward with the velocity of 90,000 
feet per fecond nearly. By the explofion of the pow¬ 
der, and its prcffart on the ball, feme of this motion is 
deftroyed, and at the muzzle of the gun, the ball is 
moving flower, and the camion is hurried away from it 
to the weftward. The air, which is alfo moving to the 

weftward 90,000 feet in a iecond, gradually communi¬ 
cates motion to the ball, in the fame manner as a hur¬ 
ricane would do. At laft (the ball dropping all the 
while) fome part of the ground hits the ball, and car¬ 
ries it along with it. 

Other observations mnft therefore be reforted to, in 
order to obtain an experimental proof of this propofi. 
tion. And fuch are to be found. Although we cannot 

meafure the abfolute motions of bodies, we can obferve 
and meafure accurately their relative motions, which are 
the differences of their abfolute motions. Now, if we 

can (hew experimentally, that bodies /hew equal ten¬ 
dencies to refift the augmentation and the diminution of 

their relative motions, they, ipfo fafto, {hew equal ten¬ 
dencies to refift the augmentation or diminution of their 
abfolute motions. Therefore let two bodies, A and B, 
be put into fuch a fituation, that they cannot (by rea¬ 

fon of their impenetrability, or the adions of their mu¬ 
tual powers) perfevere in their relative motions. The 

change produced on A is the effed and the meafure of 
B’s tendency to perfevere in its former ftate; and there¬ 
fore the proportion of thefe changes will fhew the pro¬ 
portion of their tendencies to maintain their former 
ftates. *1 herefore let the following experiment be made 
at noon. 

Expen- Bet A, apparently moving weftward three feet per 
tnents pit)- fecond, hit the equal body B apparently at reft. Sup- 

purpofe! 6 .lA That A impels B forward, without any di¬ 
minution of its own velocity. This refult would fliew 
that B manitefts no tendency to maintain its motion un¬ 

changed, but that A retains its motion uiidiininifhed. 
2dly, Suppoie that A flops, and that B remains at 

reft. This would fhew that A does not refill a diminu¬ 
tion of motion, but that B retains its motion unaug¬ 
mented. 

idly, Suppofe that both move weftward with the ve¬ 
rity of one foot per fecond. The change on A is a 
diminution of velocity, amounting to two feet per fe¬ 
cond. This is the effect and the meafure of B’s ten¬ 
dency to maintain its velocity unauginented. The change 
©n B is an augmentation of one foot per fecond made 
on its velocity ; and this is the meafure of A’s tenden¬ 
cy to maintain its velocity undiminifhed. This tenden¬ 
cy is but half of the former ; and this refult would 

fhew, that the refiftance to a diminution of velocity is 
but half of the refiftance to augmentation. It is per¬ 
haps but one quarter ; for the change on B has produ¬ 
ced a double change on A. 

Suppofe that both move weftward at the rate 
of 1 i- feet per fecond. It is evident that their tendencies 
to maintain their ftates unchanged are now equal. 

5^/y, Suppofe A = 2 B, and that both move, after 
the collifion, two feet per fecond, B has received an 
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addition of two feet per fecond to its former velocity, Firft Law 

This is the effed and the meafure of A’s whole ten-of 
dency to retain its motion undiminifhed. Half of this V 
change on B meafures the perfevering tendency of the 
half of A; but A, which formerly moved with the ap¬ 
parent or relative velocity three, now moves (by the 

fuppofition) with the velocity two, having loft a velo¬ 
city of one foot per fecond. Each half of A therefore 
has loft this velocity, and the whole lofs of motion is 

two. Now this is the meafure of B’s tendency to 
maintain its former ftate unaugmented; and this is the 
fame with the meafure of A's tendency to maintain its 
own former ftate undiminifhed. The’conclufion from 
fuch a 

tendencies 
1 exult would therefore be, that bodies have equal 

to maintain their former ftates of motion 
without augmentation and without diminution. 

What is fuppofed in the 4t/j and $th cafes is really 
the refult of all the experiments which have been tried ; 
and this law regulates all the changes of motion which 
art. p.educed by the mutual adioris of bodies in impul- 

fions.. This after tion is true without exception or qua¬ 
lification. Therefore it appears that bodies have no 

preferable tendency to reft, and that no fad can be ad¬ 
duced which fiiould make us fuppofe that a motion once 
begun fhoiild fuffer any diminution without the adion 
of a changing can ft*. 

• Blu T\amu!l n°w ob{erve: that this way of eftablifh- But expe- 
ing the nrft law or motion is very imperfed, and alto-riencc is 

gether unfit for rendering it the fundamental principle notthcPro* 
of a whole and extenfive fcience. It is fubjed to all ^ 

the inaccuracy that is to be found in our bell experi-axiom. 1 
ments ; and it cannot be appntd to cafes where feru- 

pulous accuracy is wanted, and where no experiment 
can be made. 

Let us therefore examine the proportion by means 
of the general principles adopted in the article Philo¬ 

sophy, Fncycl which contain the foundation of all 
our knowledge of adive nature. Thefe principles will, 
we imagine, give a decifion of this queition that is fpee- 
dy and accurate, {hewing the proportion to be an axi¬ 

om or intuitive c^nfequence of the relations of thofe 
ideas which we have of motion, and of the caufes of its 
produdion and changes. 

It has been fully demonftrated that the powers or Logical 
forces, of which we fpeak fo much, are never the imme-Proof* 
diate objeds of our perception. Their very exiftence, 
their kind, and their degree, are inftindive inferences 
from the motions which we obferve and clafs. It evi¬ 

dently follows from this experimental and univerfal 
truth, ]Jly That where no change of motion is obfer- 

ved, no fuch inference is made; that is, 110 power is 
fuppofed Xo ad. But whenever any change of motion 
is obierved, the inference is made ; that is, a power or 
force 13 fuppofed to have aded. 

In the fame form of logical conclulion, we inuft fay 
that, 'idly, When no change of motion is fuppofed or 
thought of, no force is fuppofed ; and that whenever we 

fuppofi a change of motion, we, in fact, though not in 
terms, fuppofe a changing force. And, on the other 
hand, whenever we fuppofe the adion of a changing 

force, we fuppofe the change of motion ; for the adion 
of this force, and the change of motion, is one and the 

fame thipg We cannot think of the adion without - 
thinking of the indication of that adion ; that is, the 
change of motion—In the fame manner, when we do 

not think of a changing force, or fuppofe that there is 

no -f 



S10 
fir ft Law 

of Motion. 

It is a law 
of human 
thought, 

D Y N A 
no adion of a changing force, we, in fad, though not 
in terms, fuppofe that there is no indication of this 

changing force ; that is, that there is no change. 
Whenever, therefore, we fuppofe that no mechanical 

force is a ding on 3 body, we, in fad, fuppofe that the 
body continues in its former condition with refped to 
motion. If we fuppofe that nothing accelerates, or re¬ 
tards, or defleds the motion, we fuppofe that it is not 
accelerated, nor retarded, nor defleded. Hence fol¬ 
lows the proportion in exprefs terms—We fuppofe that 
the body continues in its former Jiate of rejl or motion, un- 

lefs <we fuppofe that it is changed by fame mechanical 

force. 
Thus it appears, that this proportion is not a matter 

of experience or contingency, depending on the proper¬ 
ties which it has pleafed the Author of Nature to be¬ 
llow on body: it is, to us, a neceffary'truth.. The 
propofition does rot fo much exprefs any thing with re¬ 

gard to body, as it does the operations of our mind 
when contemplating body. It may perhaps be effential 

to body to move in feme particular diredion. It may¬ 
be effential to body to flop as foon as the moving caufe 
has ceafed to ad ; or it may be effential to body to di- 
lninifh its motion gradually, and Hnally come to reft. 
But this will not invalidate the truth of this propor¬ 
tion. Thefe circumftances in the nature of body, 
which render thofe modifications of motion effentially 

neceffary, are the caufes of thofe modifications ; and, 
in our ftudy of nature, they will be confidered by us as 
changing forces, and will be known and called by that 
name. And if we fhould ever fee a particle of matter 

in fuch a fituation that it is affeded by thofe effential 
properties alone, we lhall, from obfervation of its mo¬ 

tion, difeover what thofe effential properties are. 

And almoft This law turns out at laft to be little more than a 
an identical tautological propofition: But mechanical pliilofophy, 
propofition.^ vve have defined it, requires no other fenfe ot it: 

for, even if vve fhould fuppofe that body, of its own 
nature, is capable of changing its (late, this change 
muff be performed according to fome law which cliarac- 

terifes the nature of body ; and the knowledge of the 
law can be had in no other way than by obferving the 
deviations from uniform redilineal motion. It is there¬ 

fore indifferent whether thofe changes are derived from 
the nature of the thing, or from external caufes : for 
i t order to confider the various motions of bodies, we 

muff firft confider this nature of matter as a mechanical 
affedion of matter, operating in every inftance ; and 

thus we are brought back to the law enounced in this 
propofition. This becomes more certain when we re¬ 

fled that the external caufes (fuch as gravity or mag- 
netifm), which are acknowledged to operate changes of 

* motion, are equally unknown to us with this effential 
original property of matter, and are, like it, nothing 

But inferences from the phenomena. 
The above very diffufe difcuffions may appear fuper- 

fluous to many readers, and even cumberfome ; but we 
truft that the pnilofophical reader will excufe our anxie¬ 
ty on this head, when he refleds on the complicated, 
indiftind, and inaccurate notions commonly had of the 
fubjed ; and more efpecially when he obferves, that of 
thofe who maintain the truth of this fundamental pro¬ 
pofition, as we have enounced it, many (and they too 
of the fir ft eminence), rejed it in fad, by combining it 
with other opinions which are inconfiftent with it, nay, 

which contradid it in exprefs terms. We may even 
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include Sir Ifaac Newton in the number of thofe who Fftft 
have at leaft introduced inodes of exprellion which mif-Q^ Mofiom 

lead tlie minds of incautious perfons, and fuggeft made- 
quate notions, incompatible with the pure dodrine of 
the propofition. Although, in words, they difclaim 
the dodrine that reft is the natural ftate of body, and 
that force is neceffary for the continuation of its motion, 

yet in words they (and moll of them in thought) like- 
wife abet that dodrine : for they fay, that there relides 
in a moving body a power or force, by which it perfe- 
veres in its motion. They call it the vis in sir A, the 

INHERENT FORCE OF A MOVING BODY. This is finely 
giving up the queftion : for if the motion is fuppofed 
to be continued in confequence of a force, that force is 
fuppofed to be exerted ; and it is fuppofed, that if it 
were not exerted, the motion would ceafe ; and there¬ 
fore the propofition muff be falfe. Indeed it is fome- 
tfines expreffed fo as feemingly to ward off this objec¬ 
tion. It is faid that the body continues in uniform rec¬ 
tilineal motion, unlefs affeded by fome external caufe. 
But this way of fpeaking obliges us, at firft fetting out 
in natural philofophy, to affert that gravity, magnetifm, 

eledricity, and a thoufand other mechanical powers, 
are external to the matter which they put in motion. 
This is quite improper : It is the bufinefs of philofo¬ 
phy to difeover whether they be external or not ; aitd 
if we affert that they are, we have no principles of ar¬ 
gumentation with thofe who deny it. It is this one 
thing that has filled the ftudy of nature with all the jargon 
of asthers and other invifible intangible fluids, which has 
difgraced pliilofophy, and greatly retarded its progrefs. 3* 

We mutt obferve, that the terms vis infita, inherent VUi*ftia% 

force, are very improper. There is no difpute among 

philofophers in calling every thing a force that pro- improper 

duces a change of motion, and in inferring the adion terms in 
of fuch a force whenever we obferve a change of mo-their ufuai 
tion. It is furely incongruous to give the fame namejfcepta- 

to what has not this quality of producing a change, or 
to infer (or rather to fuppofe) the energy of a force 
when no change of motion is obferved. This is one 
among many inftances of the danger of miftake when 
vve indulge in analogical difcuffions. All our language, 
at leaft, on this fubjed is analogous. I feel, that in 
order to oppofc animal foice, I muft exert force. But 
I muft exert force in order to oppofe a body in motion : 
Therefore I imagine that the moving body poffeffes 

force. A bent fpring w ill drive a body forward by un¬ 
bending : Therefore l fay that the fpring exerts force. 
A moving body impels the body which it hits : There¬ 
fore I fay, that the impelling body poffeffes and exerts 
force. I imagine farther, that it poffeffes force only 
by being in motion, or bccaufe it is in motion ; becaufe 

I do not find that 'a quiefeent body will put another 
into n%otion by touching it. But we ftiall foon find this 
to be falfe in many, if not in all cafes, and that the com¬ 
munication of motion depends on the mere, vicinity, and 

not on the motion of the impelling body; yet we afcribe 
the exertion of the vis infita to the circuinftance of the 
continued motion. We therefore conceive the force as 

arifing from, or as conlifting in, the impelling body’s 
being in motion ; and, with a very obfeure and indif¬ 
tind conception of the whole matter, vve call ^it the 

force by which the body preferves itfelf in motion. Thus,, 
taking it for granted that a force refides in the body, 
and being obliged to give it fome office, this is the on¬ 

ly one that we can think of. 
Baft 
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FIrft Law But philofophers imagine that they perceive the ne- 

of Mohon. cefiity of the exertion of a force in order to the conti- 

nuation of a motion. Motion (fay they) is a conti¬ 
nued aftion ; the body is every inftant in a new filia¬ 

tion ; there is the continual prodnftion of an effeft, 
therefore the continual aftion of a caufe. 

But this is a very inaccurate way of thinking. We 
have a diflinft conception of motion ; and we conceive 
that there is fuch a thing as a moving caufe, which we 
diflinguifh from all other caufes by the name force. It 

Motion is produces motion. If it does this, it produces the cha- 
not the rafter of motion, which is a continual change of place, 
continual Motion is not aftion, but the effeft of an aftion ; and 

cfa^effechthis aftion is as incomplete in the inftant immediately 
fucceeding the beginning of the motion as it is a mi¬ 
nute after. The fubfequent change of place is the con¬ 
tinuation of an effeft already produced. The immedi¬ 
ate effeft of the moving force is a determin a tion^ by 
which, if not hindered, the body would go on for ever 
from place to place. It is in this determination only 
that the {late or condition of the body can differ from 
a ftate of reft ; for in any inftant, the body does not 
defcribe any fpace, but has a determination, by which 
it will defcribe a certain fpace uniformly in a certain 
time. Motion is a condition, a ftate, or mode of ex- 
iftence, and no more requires the continued agency of 
the moving caufe than yellownefs or roundnefs does. 

f It requires fome chemical agency to change the yellow¬ 
nefs to greennefs ; and it requires a mechanical caufe 
or a force to change this motion into reft. When we 
fee a moving body Hop fhort in an inftant, or be gra¬ 
dually, but quickly, brought to reft, we never fail to 
fpeculate about a caufe of this ceffation or retardation. 
The cafe is no way different in itfelf although the re¬ 
tardation fhonld be extremely flow. We fhould always 
attribute it to a caufe. It requires a caufe to put a 
body out of motion as much as to put it into motion. 
This caufe, if not external, muff be found in the body 
itfelf; and it mud have a felf-determining power, and 
may as well be able to put itfelf into motion as out of 
it. 

If this reafoning be not admitted, we do not fee how 
any effeft can be produced by any caufe. Every effeft 
fuppofes fomething done; and any thing done implies 
that the thing done may remain till it be undone by 
fome other caufe. Without this, it would have no ex- 
iilence. If a moving caufe did not produce continued 
motion by its inftantaneous aftion, it could not pro¬ 
duce it by any continuance of that aftion ; becaufe in 
no inftant of that aftion does it produce continued 
motion. 

We muff therefore give up the opinion, that there 
rcfides in a moving body a force by which it is kept in 
motion ; and we mud find fome other way of explaining 

that remarkable difference between a moving body and 
a body at reft, by which the firft caufes other bodies 
to move by hitting them, while the other does not do 
this by merely touching them. We fhall fee, with 
the cleared; evidence, that motion is neceffary in the im¬ 
pelling body, in order that it may permit the forces in¬ 
herent in one or both bodies to continue this preffure 

long enough for producing a fenfible or confiderable 
motion. But thefe moving forces are inherent in bo¬ 
dies, whether they are in motion or at reft. 

The foregoing obfervations (hew us the impropriety 

of the phrafe communication of motion. By thus refleft- 

ing on the notions that are involved in the general con- Firft: 

ception of one body being made to move by the im« 

pulfe of another, we perceive that there is nothing in- * v 

dividual transferred from the one body to the other. ConununU 
The determination to motion, indeed, exifted only in cation of 

the impelling body before collition ; whereas, afterwards, moPon *s 

both bodies are fo conditioned or determined. But wepeVphrafe 
can form no notion of the thing transferred. With the r 

fame metaphyfical impropriety, we fpeak of the com¬ 
munication of joy, of fever. 

Kepler introduced a term inertia, vis inertia,So u'lh 

into mechanical philofophy ; and it is now in conftant mertix. 
ufe. But writers are very carelefs and vague in the no¬ 
tions which they affix to thefe terms. Kepler and New¬ 
ton feem generally to employ it for expreffing the faft, 
the perfeverance of the body in its prefent ftate of mo¬ 
tion or reft: but they nlfo frequently exprefs by it 
fomething like an indifference to motion or reft, want- 

fejled by its requiring the fame quantity of force to make 

an augmentation of its motion as to make an equal diminu¬ 

tion of itm The popular notion is like that which we 

have of aftual reliftance; and it always implies the no¬ 
tion of force exerted by the refilling body. We fup- 

pofe this to be the exertion of the vis inf fa, or the inhe¬ 

rent force of a body in motion. But we have the fame 
notion of reliftance from a body at reft which we fet 
in motion. Now furely it is in direft contradiftion to 
the common ufe of the word force, when we tuppofe re¬ 
ft ftance from a body at reft ; yet vis inertia is a very 

common expreffion. Nor is it more abfurd (and it is. 
very abfurd) to fay, that a body maintains its ftate 
of reft by the exertion of a vis inertia, than to fay, 
that it maintains its ftate of motion by the exertion of 

an inherent farce. We Humid avoid all fuch metapho¬ 
rical exprdftons as reffance, indifference, fuggijhnefs, or 
pronenefs to ref (which fome exprefs by inertia), be¬ 
caufe they feldom fail to make us indulge in metapho¬ 
rical notions, and thus lead us to mifconceive the modus' 

operand/, or procedure of nature. 

There is no reffance whatever obferved in thefe phe¬ 
nomena ; for the force employed always produces its- 
complete effeft. When I throw down a man, and find 

that I have employed no more force than was fufficient. 
no throw down a iimiiar and equal mafs of dead matter, 
I know by this that he has not refilled but I con¬ 
clude that he has relifted, if I have been obliged to em¬ 
ploy much more force. There is therefore no refin¬ 
ance, properly fo called, when the exerted force is ob¬ 
ferved to produce its full effeft. To fay that there is 

reliftance, is therefore a real rmfconception of the way 
in wffiich mechanical forces have operated in the colli- 
iion of bodies. There is no more reliftance in thefe 
cafes than in any other natural changes of condition. 

We are guilty, however, of the fame .impropriety of 
language in other cafes, where the caufe of it is more 
evident. We fay that colours in grain reff the aftion 
of foap and of the fun, but that Pruffian blue does not. 

We all perceive, that in this expreffion the word re- 
ft ftance is entirely figurative : and we fhould fay that 
Pruffian blue refjls foap, if we are right in faying that 

a body refills any force employed to change its ftate of 
motion ; for foap mull be employed to difeharge or 
change the colour; and it does change it. Force mull 

be employed to change a motion ; and it does change l\ 

The impropriety, both, of thought and language, is plain 

in the one cafe, and it is no Ids real in the other. Both 
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Seconrii^awof the terms, inherent fares and Inertia, may be ufed 
of Motion. wJth fafety for abbreviating language, if we be careful 

S" v'" * to employ them only for expreffing, either the fmple fad 
of perfeve ring in the former fate, or the necejfiy of em¬ 
ploying a certain determinate force, in order to change that 

36 fate-, and if we avoid all thought of reffance. 
Deviations From the whole of this difeuffion, we learn, that the 

formredi deviations from uniform motions are the indications of 
lineal mo- the exigence and agency of mechanical forces, and that 
tion are the they are the only indications. The indication is very 
only indica- fimple, mere change of place ; it can therefore indicate 

force nothing but what is very fimple, the fornething com¬ 
petent to the produdion of the very motion that we 

obferve. And when two changes of njotion are pre- 
cifely fimilar, they indicate the fame thing. Suppofe a 
mariner’s compafs on the table, and that by a fmall tap 
with my finger I caufe the needle to turn off from its qui- 
efeent pofition 10 degrees. I can do the fame thing by 
bringing a magnet near it; or by bringing an eledrified 
body near it ; or by the unbending of a fine fpring 
prefiing it afide; or by a puff of wind ; or by feveral 
other methods. In all tliefe cafes, the indication is the 
fame ; therefore the thing indicated is the fame, name¬ 
ly, a certain intenfity and direction of a moving power. 

How it operates, or in what manner it exifts and exerts 
itfelf in thefe infiances, outwardly fo different, is not 
under confideration at prefent Impulfivenefs, intenfity, 

and direction, are all the circumfiances of refemblance 
by which the affections of matter are to be charaderifed ; 

-and it is to the difeovery and determination of thefe 
alone that our attention is now to be directed. We are 
direCted in this refearch by the 

Second Lav/ of Motion. 

Every change of motion is proportional to the force impreffed, 
and is made in the diredion of that force. ■ 

37. This law alfo may ahneft be confidered as an identi¬ 
cal propofition ; for it is equivalent to faying, that the 
changing force is to be meafured by the change which 

it produces, and that the direction of this force is the 
direction of the change. Of this there can be no doubt, 
when we eonfider the force in no other fenfe than that 
of the caufe of motion, paying no attention to the form 
or manner of its exertion. Thus, when a pellet of tow 

is fiiot from a pop-gun by the expanfion of the air com- 
prefied by the rammer, or where it is {hot from a toy 
piftol by the unbending of the coiled wire, or when it 
is nicked away by the thumb like a marble—if, in all 
thefe cafes, it moves off in the fame diredion, and with 
the fame velocity, wc cannot eonfider or think of the 
force, or at La ft -of its exertion, as any how different. 

Nay, when it is driven forward by the inftantaneous 
percufiion of a fmart ftroke, although the manner of 
producing this effeCl (if pofiible) is effentially different 
from what is conceived in the other cafes, we muft ftill 
think that the propelling force, confidered as a pro¬ 
pelling force, is one and the fame. In fiiort, this law 
of motion, as thus expreffed by Sir Ifaac Newton, is 
equivalent to faying, “ That we take the changes of 
motion as the meaiures of the changing forces, and the 
direction of the change for the indication of the direc¬ 
tion of the forces :yy For no reflecting perfon can pre¬ 
tend to fay, that it is a deduction from the acknowledged 
principle, that effeCts are proportional to their caufes. 
We do not affirm this law, from having obferved the 
proportion of the forces and the proportion of the 
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changes, and that thefe proportions are the fame \ and SecmdLaw 
from having obferved that this has obtained through 
the whole extent of our ihidy of nature. This would ^ v J 
indeed efiablifh it as a physical law, an univerfal fa& ; 
and it is, in fad, fo efiabliHied. But this does not effa- 
blifh it as a law of motion, according to our definition 
of that term ; as a law of human thought, the refult of 
the relations of our ideas, as an intuitive truth. The 

ii^udicious attempts of philofopbers to prove it as a 
matter of obfervation, have oceafioned the only difpute 
that has arifen in mechanical philofophy. It is well 
known that a bullet, moving with double velocity, pe¬ 
netrates four times as far. Many other fimilar fads 

corroborate this : and the philofopbers obferve, that 
four times the force has been expended to generate this 
double velocity in the bullet ; it requires four times as 
much powder. I11 all the examples of this kind, it would 

feem that the ratio of the forces employed has been 
very accurately afeertained ; yet this is the invariable 
refult. Philofopbers, therefore, have concluded, that 
moving forces are not proportional to the velocities which 

they produce, but to the fquares of thofe velocities. It 
is a ffrong confirmation, to fee that the bodies in mo¬ 
tion feem to poffefs forces in this very proportion, and 

produce effeds in this proportion; penetrating four 
times as deep when the velocity is only twice as great, 
&c. 

But if this be a juft eftimation, we cannot reconcile it 
to the conceffion of the fame philofophers, who grant 
that the velocity is proportional to tire force impreffed, 
in the cafes where we have no previous obfervation of 
the ratio of the forces, and of its equality to the ratio 
of the velocities. This is the cafe with gravity, which 
thefe philofophers always meafure by its accelerating 
power, or of the velocity which it generates in a given 
time. And this cannot be refufed by them ; for cafes 
occur, where the force can be meafured, in the moll na¬ 
tural manner, by the adual preffure which it exerts. 

Gravity is thus meafured by the preffure which a ftone 
exerts on its fupports. A weight which at Ouito will 
pull out the rod of a fpring fteeiyard to the mark 312, 
will pull it to 313 at Spitzbergen. And it is a fad, 
that a body will fall 313 inches at Spitzbergen in the 
fame time that it falls 312 at Quito. Gravitation is 
the caufe both of the preffure and the fall; and it is a 

matter of unexcepted obfervation, that they have al¬ 
ways the fame ratio. The philofophers who have fo 
ftrenuoufly maintained the other meafure of forces, are 
among the molt eminent of thofe who have examined 
the motions produced by gravity, magnttifm, eledricity, 
&c.; and they never think of measuring thofe forces 
any other way than by the velocity. It is in this way 
that the whole of the celeftial phenomena are explained 

in perfed uniformity with obfervation, and that the 
Newtonian philofophy is confidered as a demonllrative 
fcience. 

There muft, therefore, be fome defed in the principle 
on which the other meafurement of forces is built, or 
in the method of applying it. Preffure is undoubtedly 

the immediate and natural meafure of force ; yet we 
know that four fprings, or a bow four times as ftrong, 
give only a double velocity to an arrow. 

The truth of our law refts on this only, that we affume 
the changes of motion as the meafure of the changing 
forces ; or, at leaft, as the meafures of their exertions in 

producing motion. In fad, they are the meafures only 

of 
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different natural powers may refemble each other ; name 

ly, the competency to produce motion. They do not, 
perhaps, meafure their competency to produce heat, or 
even to bend fprings. We can furely confider this a- 
part from all other circumftances ; and it is worthy of 
feparate confideration. Let us fee what can be, and 

what ought to be, deduced from this way of treating- 
the fubjed. 6 

The motion of a body may certainly remain unchait- 
. ged. If the diredion and velocity remain the fame, we 

itfeif, a m°-perceive no circumftance in which its condition, with 

refped to motion, differs. Its change of place or fitu- 
ation can make no difference ; for this is implied in 
the very circumftance of the body’s being in motion. 

But if either the velocity or direction change, then 
furely is its mechanical condition no longer the fame ; 
a force has aded on it, either intrinfic or from without, 
either accelerating, or retarding, or deflecting it. Sup. 

pofing the diredion to remain the fame, its difference of 
condition can confift in nothing but its difference of 
velocity. This is the only circumftance in which its 
condition can differ, as it paffes through two different 
points of its rectilineal path. It is this determination 
by which the body will defcribe a certain determinate 
fpace uniformly in a given time, which defines its con¬ 
dition as a moving body : the changes of this determi¬ 
nation are the meafures of their own caufes ;—and to 
thofe caufes we have given the name force. Thofe 
caufes may refide in other bodies, which may have other 

properties, charaderifed and meafured by other effeds. 
Preffure may be one of thofe properties, and may have 
its own meafures ; thefe may, or may not, have the 

fame proportion with that property which is the caufe of 
a change of velocity : and therefore changes of velocity 
may not be a meafure of preffure. This is a queftion 
of fact, and requires obfervation and experience ; but, 
in the mean time, velocity, and the change of velocity, 
is the meafure of moving force and of changing force. 
When therefore the change of velocity is the fame, 
whatever the previous velocity may be, the changing 

force muff be confideredas the fame : therefore, finally, 
if the previous velocity is nothing, and confequently the 
change on that body is the very velocity or motion that 
it acquires, we muff fay, that the force which produces 
a certain change in the velocity of a moving body, is 
the fame with the force which would impart to a body 
at reft a velocity equal to this change or difference of 
velocity produced on the body already in motion. 

This manner of eftimating force is in perfed confor¬ 
mity to our moft familiar notions on thefe fubjeds. 
We conceive the weight or downward preffure of a bo¬ 
dy as the caufe of its motion downwards ; and we con¬ 
ceive it as belonging to the body at all times, and in 
all places, whether falling, or riling upwards, or defcri- 
bing a parabola, or lying on a table ; and, accordingly, 

we obferve, that in every ftate of motion it receives 
equal changes of velocity in the fame, or an equal time, 
and all in the direction of its preffure. 

.AH that we have now faid of a change of velocity 
might be repeated of a change of diredion. It is fure¬ 
ly poflible that the fame change of direction may be 

made on any two motions. Let one of the’motions be 
confidered as growing continually (lower, and termina¬ 
ting in reft. In every inftant of this motion it is pof- 
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fi^le to make one and the fame change on it. TheSeoonduiw 

fame change may therefore be made at the very inftant of M nion‘ 
that the motion is at an end. In this cafe, the change ’T~~v 

is the very motion which the body acquires from the 
changing force. Therefore, in this cafe alfo, we muff 
fay, that a change of motion is itfelf a motion, and that 

it is the motion which the force would produce in a bo¬ 
dy that was previoufly at reft. 

The refult of thefe obfervations is evidently this, IIow4afcer- 
that we mult afeertain, in every- inftance, what is thetainedand 
change of motion, and mark it by characters that are 
confpiciious and diftinguiftiing ; and this mark and mea¬ 
fure of change muft be a motioiy: Then we muft fay, 

that the changing force is that which would produce 
this motion in a body previoufly at reft. We muft fee 
how this is manifeft, as a motion, in the difference be¬ 
tween the former motion and the new motion ; and, on 
the other hand, we muft fee how the motion produce- 
able in a quiefeent body may be fo combined with a 
motion already exifting, as to exhibit a new motion, in 
which the agency of the changing force may appear. 

Suppofe a {hip at anchor in a ftream; while one man 
walks forward on the quarter-deck at the rate of two 
miles per hour, another walks from ftem to ftern at the 
fame rate, a third walks athwart fhip, and a fourth 
ftands ft ill. Let the fhip be fuppofed to cut or part 
her cable, and float down the ftream at the rate of three 

miles per hour. We cannot conceive any difference in 
the change made on each man’s motion in abfolute 
fpace ; but their motions are now exceedingly different 
from what they were : the firft man, whom we may 

fuppofe to have been walking weftward, is now moving 
eaft ward one mile per hour; tile fecond is moving eaft! 
ward four miles per hour ; and the third is moving in 

an oblique diredion, about three points north or fonth 
of due eaft. All have fuffered the fame change of con¬ 
dition with the man who had been (landing (till. He 

has now got a motion eaftward three miles per hour. 
In this inftance, we fee very well the circumftance of 
famenefs that obtains in the change of thefe four con¬ 
ditions. It is the motion of the (hip, which is blended 

with the other motions. But this circumftance is e- 
qually prefect whenever the fame previous motions are 
changed into the fame new motions. We muft learn 
to expifeate this ; which we (hall do, by coniidering the 

manner in which’the motion of the fhip is blended with 
each of the mens motions. 

This kind of combination has been called the Compo- Com^fi- 
sition of motion ; becaufe, in every point of the mo-1*011 of mo¬ 
tion really purfued, the two motions are to be found. tioiu 

The fundamental theorem on this fubjed is this 

Two uniform motions in the Tides of a parallelogram 
compofe an uniform motion in the diagonal. 

Suppofe that a point A (fig. 1.) deferibes AB uni-PlateXXI. 
fornily m fome gtven time, while the line AB is car. 
ned uniformly along AC in the fame time, keeping al¬ 
ways parallel to its firll pofition AB. The point A, 
by the combination of thefe motions, will defcribe AD* 

the diagonal of the parallelogram ABDC, uniformly 
in the fame time. } 

For it is plain, that the velocities in AB and AC 
are proportional to AB and AC, becaufe they are uni¬ 
formly defenbed in the fame time. When the poim 

has got to E, the middle of AB, the line AB has got 
into the fituation GH, half way between AB and CD, 
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Second I.aw and the point E is in tlie place e, the middle of GH. 
of Motion. j)raw £^L parallel to AC. It is plain that the pa- 

1-rallelo^rams ABDC and AE c G are firnilar ; becaufe 

AE and AG are the halves of AB and AC, and the 
angle at A is common to both. Therefore, by a pro- 
pofition in the Elements, they are about the fame dia¬ 

gonal, and the point * is in the diagonal of AD. In 
like manner, it may be (hewn, that when A has de¬ 
fended AF, Jths of AB, the line AB will be in the 

fituation IK, fo that AI is ^ths of AC, and the point 
/, in which A is now found, is in the diagonal AD, 
It will he the fame iri whatever point of AB the de¬ 
ferring point Abe fuppofed to be found. The line 

AB will be on a firnilar point of AC; and the deferi- 

bing point will be in the diagonal AD. 
Moreover, the motion in AD is uniform : for A e is 

M 1 C S. 
the former motion, and of the motion which the force would ondUw 

produce in a quiejeent body. v^ 
When a force changes the diredion of a motion, we j>epea„„ 

fee that its diredion is tranfverfe in fome angle BAG ;force. 
becaufe a diagonal AD always fuppofes two fides. As 
we have diflinguiflied any change of diredion by the 
term deflection, we may call the tranfverfe force a 

DEFLECTING FORCE. 

deferibed in the time of defending AE ; that is. in 
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half the time of deferibing AB, or in half the time 
of deferibing AD. In like manner, A/ is deferibed 

in |ths of the time of deferibing AD, &c. &c. 
Laflly, the velocity in the diagonal AD is to the 

velocity in either of the fides as AD is to that fide. This 
is evident, becaufe they are uniformly deferibed in the 

lame time. . 
This is juftly called a compofition of the motions AB 

and AC, as will appear by confidering it in the follow¬ 
ing manner : Let the lines AB, AC be conceived as 
two material lines like wires. Let AB move uniformly 
from the fituation AB into the fituation CD, while 
AC moves uniformly into the fituation BD. It is plain 
that their interfedion will always be found on AD. 
The point e, for example, is a point common to both 
lines. Confidered as a point of EL, it is then mo¬ 
ving in the direaion r H or AB ; and, confidered 

as a point of GH, it is moving in the direction e L. 
Both of thefe motions are therefore blended in the mo¬ 
tion of the interfedion along AD. We can conceive 
a fmall ring at e, embracing loofely both of the wires. 
This material ring will move in the diagonal, and will 

really partake of both motions. . 
Thus we fee how the motion of the fhip is actually 

blended with the motions of the three men ; and the 
circumftance of famenefs which is to be found in the 
four changes of motion is this motion of the fhip, or 

of the man who was Handing (fill. By compofition 
with each of the three former motions, it produces each 

of the three new motions. Now, when each of two 
primitive motions is the fame, and each of the new mo¬ 
tions is the fame, the change is finely the fame. If 
one of the changes has been brought about by the ac¬ 
tual compofition of motions, we know pr'ecifely what 
that change is ; and this informs us what the other is, in 
whatever way it was produced. Hence we infer, that, 

When a motion is any how changed, the change is that 

motion which, when compounded with the former motion, 

will produce the new motion. Now, becaufe we sffume 
the change as the meafure and chara&eriftic of the 
changing force, we muft do fo in the prefent inflance ; 

and we muft fay, 
That the changing force is that which will produce in 

a quiefcent body the motion which, ly compofition with the 
former motion of a body, will produce the new motion. 

And, on the other hand. 
When the motion of a body is changed by the ad ion of 

any force^ the new motion is that which is compounded of 

In this way of eftimating a change of motion, all the 
charaders of both motions are preferved, and it ex- 
preffes every circumftance of the change ; the mere 
change of diredion, or the angle BAD, is not enougn, 
becaufe the fame force will make different angles of 
deflexion, according to the velocity of the former mo¬ 
tion, or according to its diredion : but in this eftima- 
tion, the full effed of the defleding force is feen ; it is 
feen as a motion ,* for when half of the time is elapfed, 
the body is at e inftead of E ; when three-fourths are 
elapfed, it is at/inftead of F ; and at the end of the time 
it is at D inftead of B. In ftiort, the body has mo¬ 
ved uniformly away from the points at which it would 
have arrived independent of the change ; and this mo¬ 

tion has been in the fame diredion, and at the fame 
rate, as if it had moved from A to C by the changing 
force alone. Each force has produced its full effed ; 
for when the body is at D, it is >as far from AC as if 
the force AC had not aded on it ; and it is as far from 
AB as it would have been by the adion of AC alone. ^ 

For all thefe reafons, therefore, it is evident, that if 
we are to abide by our meafure and cliarader of force 
as a mere producer of motion, we have feleded the 
proper charaderiftic and meafure of a changing force : 
and our descriptions, in conformity to this iekdion, 
muft be agreeable to the phenomena of nature, and re¬ 
tain the accuracy of geometrical procedure ; becaufe, 
on the other hand, the refults which we deduce from 
the fuppofed influence of thofe forces are formed in the 
fame mould. It is not even requifite that the real 

exertions of the natural forces, fuch as preffure of va¬ 
rious kinds, Scc. fhall follow thefe rules ; for their de¬ 
viations will be confidered ns new forces, although they 
are only indications of the differences of the real forces 
from our hypotbefis. We have obtained the precious 
advantage of mathematical inveftigation, by which we 
can examine the law of exertion which charadenfes 

every force in nature. 
On thefe principles we eftablifh the following funda¬ 

mental elementary propofitioti, of continual and indif* 

penfable ufe in all mechanical inquiries. 45 
If a body or material particle be fubjeded at the fame time Fundament 

to the adion of two moving forces, each of which wouldta 1 eo 
feparately caufe it to deferibe the fide of a parallelogram 

uniformly in a given time, the body will deferibe the dia¬ 

gonal uniformly in the fame time. 
For the body, whofe motion AB was changed into 

AD, had gotten its motion by the adion of fome 
force. It was moving along NAB ; and, when it reach¬ 

ed the point A, the force AC aded on it. The pri¬ 
mitive motion is the fame, or the body is in tire fame 
condition in every inftant of the*primitive motion. It 

may have acquired this motion when it was in N, or when 
at O, or any other point of NA. In all thefe cafes, 
if AC ad on it when it is in A, it will always deferibe 
AD ; therefore it will deferibe AD when it acquire? 

the primitive motion alfo in A ; that is, if the two for- 
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ficcordLa^ces a& on it at one and the fame inftant. The demon- 

t of Motion ftration may be neatly exprefied thus : The change in- 

,_L v duced by each force on the motion produced by the 
other, is the motion which it would produce in the bo¬ 
dy if previoufiy at reft. Therefore the motion refult- 
ing from joint adtion is the motion which is compound¬ 
ed of thefe two motions ; or it is a motion in the dia¬ 

gonal of the parallelogram, of which thefe motions are 
the tides. 

This is called the Composition of Forces, The 
forces which produce the motions along the Tides of the 
parallelogram are called the Simple Forcfs, or the 

Constituent Forces ; and the force which would 
alone produce the motion along the diagonal is called 

the Compound Force, the Resulting Force, the 
Equivalent Force, 

On the other hand, the force which produces a mo- 

Compofition 

ofjor css. 

4 6. 

Refolution 
of forces. 

tion along any line w hatever, may be conceived as re- 
fulting from the combined a&ion of two or more for¬ 

ces. We may hionv or obferve it to be fo; as when wre 
fee a lighter dragged along a canal by two horfes, one 
on each fide. Each pulls the boat directly toward h<m- 
felf in the dire&ion of the track-rope ; the boat cannot 
go both ways, and its real motion, whatever it is, re- 
fults from this combined action. This might be pro¬ 
duced by a fingle force ; for example, if the lighter be 
dragged along the canal by a rope from another lighter 
which precedes it, being dragged by one horfe, aided by 
the helm of the foremoftlighter. Here the real force is not 
the refulting, or the compound, but the equivalent force. 

This view of a motion, mechanically produced, is 
called the Resolution of Forces. The force in 
the diagonal is faid to be refohed into the two forces, 
having the. directions and velocities reprefented by the 
hdes. This practice is of the meft extenfive and mub 
tifareous ufe in all mechanical difquifitions. It may 
frequently be exceedingly difficult to manage the com¬ 
plication of the many real forces which concur in pro¬ 
ducing a phenomenon ; and by fubftituting other?, 

whofe combined effe&s are equivalent, our inveftigation 
may be much expedited. But more of this afterwards. 

We mult carefully remember, that when the motion 
AD is once began, all compofition is at an end, and 
the motion is a timple motion. The two determina¬ 
tions, by one of which the body would deferibe AB, 
and by the other of which it would deferibe AC, no 
longer co:exi/?"in the body. This was the cafe only in 
the inf ant, in the very ad of changing the motion AB 

into the motion BD ; yet is the motion AD equivalent 
to a motion .which is produced by the aftual compofitlcn 
of two motions AB and AC ; in which cafe the two 
motions co-exift in every point of AD. 

Accordingly this is the way in which the compofi¬ 

tion inccn- tl0n °f forces 1S uflia% iHuftratcd, and thought to be 
clufive. demonftrated. A man is fuppofed (for inftance) to 

walk uniformly from A to C on a iheet of ice, while 
the ice is carried uniformly along AB by the ftream. 

The man’s real motion is undoubtedly along AD ; but 
this is by no means a demonftration that the inftanta- 
neous or fhort-lived a&ion of two forces would pro¬ 
duce that motion ; the man mult continue to exert 
force in order to walk, and the ice is dragged along by 
the ftream. Some indeed exprefs this proof in another 
}vay, faying, let a body deferibe AB, while the fpace 

m which this motion is performed is carried along AC. 
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The ice may be carried along, and may, by fri&ion, or$econdLaw 
otherw ife, drag the man along with it ; but a fpace of Motion; 
cannot be removed from one place to another, nor, if 
it.could, would it take the man with it. Should a 
fhip ft art fuddenly forward while a man is walking 

acrofs the deck, he would he left behind, and fall to¬ 

ward the flern. We mufl fippofe a tranfverfe force* 
and we mud fuppofe the competition of this force with¬ 
out proof. This is no demonftration. 

We apprehend that the demonftration given above 
of this fundamental propoiitiou is unexceptionable, 
when the terms force and deflexion are ufed in the ab- 
flra& fenfe which we have affixed to them ; and we 
hope, by thefe means, to maintain the rigour of mathe¬ 
matical difeuffion in all our future difquifitions on thefe 
fubjedls. The only circumftance in it which can be 
the fubjedl of difeuffion is, whether we have felecled 

the proper meafure and chara&eriftic of a change of 
motion—We never met with any obje&ion to it. 

But fome have ftill maintained, that it does not evi- Objection* 
dently appear, from theie principles, that the motion t0 the de- 
which refults from the joint ad ion of two natural monftra~ 

powers, whofe known and meafurable intenfities have lion fn° „ 
the fame proportions with AB and BC, and which alfo not apXto 
exert the.mfelves in thofc diredions, will produce a mo- preffures. 
tion, having the diredion and proportion of AD. They 

will not, if the velocities produced by thefe forces are 
not in the proportion of thofe intenfities, hut in the 
fubdupiicate ratio of them. Nay, they fay, that it 
is not fo. If a body be impelled along AC by one 
fpring, and along AB by two fprings equally ftrong, 

it will not deferibe the diagonal of a parailelo-.n-am, of 
which the fide AB is double the fide AC. Nay, they 
add, that an indefinite number of examples can be gi. 
ven where a body does not deferibe the diagonal of the 
parallelogram by the joint addon of two forces, which, 
feparately, would caufe it to deferibe the fides. And, 
laitly, they fay that, at any rate, it does not appear 

evident to the mind, that two incitements to motion, ha¬ 
ving the diredions and the fame proportion of intenfi- 
ty with that of the fides of a parallelogram, adhially 
generate a third, which is the immediate caufe of the 
motion in the diagonal. An equivalent force is not the 
fame with a refulting force. 

Yet we fee numberlefs cafes of the compofition of 
incitements to motion, and they feem as determinate, 
and as fufceptible of being combined by compofition, 
as the things called moving forces, which are meafured 
by the velocities : we fee them adually fo combined in 
a thoufand intlances, a3 in the example already given 
of a lighter dragged by two horfes pulling in different 
diredions. Nay, experiment (hews, that this compo¬ 
fition follows precifely the fame rule as the compofition 
of the forces which are meafured by the velocities • for 
if the point A (fig. i.) be pulled by a thread, or pref- 
fed by a fpring, in the direddon AB, and by another 
in the direddon AC, and if the prelfures are propor¬ 
tional to AB and AC, then it will be withheld from 
moving, if it be pulled or preffed by a third force, ad- 

ing in the diredion A d, oppofite to AD, the prelfure 
being alfo proportional to AD. This force, ading in 

the direddon Ad, would certainly withftand an equal 
force ading in the diredion AD ; therefore we mud 

conclude, that the two prefiures AB and AC really 

generate a force AD. This uniform agreement IhewS 
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SecondEaw that the compofition is ded.icible from fixed principles ; 
of Motion but -t cloes uot appear that it can be held as demon- 

firated by the arguments employed in the cafe of mo¬ 
tions. A demonftration of the compofition of pref¬ 

fures is dill wanted, in order to render mechanics a de- 

moaftrative fcience. 
This com- Accordingly, philofophers of the firft eminence have 
pofition is turned their attention to this problem. It is by no 
of more dif- means eafy. being fo nearly allied to 'firft principles, that 

figation^1*ll muft b€ difficult t0 find axioms of greater fimplicity 
* by which it m^y be proved. 

Mechanicians generally contented themfelves with 

the folution given by Ariftotle ; but this is merely a 
compofition of motions i indeed he does not give it for 

any thing elfe, and calls it “ o-wSto-ts tuv <pv «»/’ 1 he firft 
writer who appears to have confidered it' as different 
from the mere compofition of motions, was the celebra¬ 
ted .Dutch engineer Stevinus in his work on Sluices ; 
but his folution is obfeure. It was fufficient, however, 
to convince Daniel Bernoulli of the neceflity and the 
difficulty of the problem. He has given the firft com¬ 
plete demonftration of it in the firft volume of the Com¬ 

mentaries of the Imperial Academy of Sciences at St 
Peterfburgh. It is extremely ingenious ; but it is te¬ 
dious and intricate, requiring a leries of 15 propor¬ 
tions to demonftrate that two preffures, having the di¬ 
rections and magnitudes of the fides of any parallelo¬ 
gram, compofe a third, which has the diredion and 
magnitude of its diagonal. His firft propofition io, that 

two equal preffures, afting at right angles, compofe a thirds 
in the direction of the diagonal of a fquare, and having to 
either of the other two the proportion of the diagonal of a 

fquare to its fides. 
Mr D’Alembert has greatly fimplified and improved 

this demonftration, by beginning with a cafe that is felf- 

evident ; namely, If three equal forces are inclined to each 

ether in equal angles of 120 degrees, any one of them will 
balance the combined allion of the other two. Surely ; 
for neither of them can prevail. Therefore two equal 
forces, inclined in an angle of 120 degrees, produce a 
third, which has the dire&ion and. proportion of the 
diagonal of the rhombus ; for this is equal and oppo- 
fite to one of the three above mentioned. He then de- 
monflrates the fame tiling of two equal forces inclined in 

any angle ; and by a feries of eight propofitions more, 
demonftrates the general theorem. This differtation is in 

the Memoirs of the Academy at Paris for 1769* 
improves it {till farther in a fubfequent memoir. 

Mr Riccati and Mr Fonfenex, in the Commentaries 

of the Academy of Turin, have given analytical demon- 
ilrations, which are alfo very ingenious and concife, but 
require acquaintance with the higher mathematics. 
There is another very ingenious demonftration in the 

Journal des Sgavans for June 1764, but too obfeure 
for an elementary propofition. It is fomevvhat iiinpli- 

fied by Belidor in his Ingenieur Fratigois. Frifius, in 
his Cofmographia, has given one, which is perhaps the 
belt of all thofe that are eafily comprehended'without 
acquaintance with the higher mathematics : but we 
imagine that, although no one can doubt of the conclur 
fion, it has not that intuitive evidence for every ftep of 

the procefs that feems neceffary. 
We here offer another, compofed by blending toge¬ 

ther the methods of Bernoulli and D’Alembert ; and 

we imagine that no obje&ion can be made to any ftep 

3° , 
Compofition 
ofpreffures. 
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of it. We limit A entirely to preffures, and do not at SeccndLa^ 
all confider nor employ the motions which they may be ,ot lVlotl°B» 

fuppofed to produce. 
(A) If two equal and oppofite preffures or incite¬ 

ments to motion a£l at once on a material particle, it 
fuffers no change of motion ; for if it yields in either 

direction by their joint action, one of the preffures pre¬ 

vails, and they are not equal. 
.Equal and oppofite preffures are faid to balance 

each other ; and fuch as balance muit be efteemed equal 

and oppofite. 
(B) If a and b are two magnitudes of the fame kind* 

proportional to the intenfities of two preffures which aCt 
in the fame direction, then the magnitude a -f- b will 
meafure the intenfity of the preffure, which is equiva¬ 
lent, and may be called equal, to the combined effort of 
the other two ; for when we try to form a notion of 
preffure as a meafurable magnitude, aiftindt from mo¬ 
tion or any other efiedt of it, we find nothing that we 
can meafure it by but another preffure. Nor have we 
any notion of a double or triple preffure different from 
a preffure that is equivalent to the joint effort of two 
or three equal preffures. A preffure a is accounted 
triple of a preffure b, if it balances three preffures, each 
equal to b, acting together. Therefore, in all propor¬ 
tions which can be expreffed by numbers, we muft ac¬ 
knowledge the legitimacy of this meafnrement ; and it 
would furely be affc&ation to omit thofe which the ma¬ 

thematicians call incommetifurable. 
In like manner, the magnitude a — b muft be ac¬ 

knowledged to meafure that preffure which arifes from 
the joint adlion of two preffures tf.and b a&ing in oppo¬ 
fite dire£tions, of which a is the greateft. 

(C) Let ABCD and AbCd (fig. A) be two rhom- 
bufes, which have the common diagonal AC. Let the 
angles BA b, DA d> be bife&ed by the ftraight lines 

Alt and AF. 
If there be drawn from the points E and F the lines 

EG, EH, F^, F h, making equal angles on each fide 
of E A and FA, and if Ggy H h be drawn, cutting the 
diagonal AC in I and L : then AI 4- AL will be 
greater or lefs than AQ^> the half of AC, according as 
the angles GEH, gFh, are greater or lets than GAH, 

g A h. 
Draw GH, g hy cutting AE, AF, in O and o9 and 

draw O 0, cutting AC in K. 
Becaufe the angles AEG and E AG are refpe&ively 

equal to AEH and EAH, and AE is common to 
both triangles, the fides AG, GE are refpe&ively equal 
to AH, HE, and GH is perpendicular to AE, and is 

bifedted in O ; for the fame reafons,lt§-A is bifedted in 
0. Therefore the lines G^, O0, H h9 are parallel, and 
JL is bifedted in K. Therefore AI + AL is equal to 
twice AKo Moreover, if the angle GEH be greater 

than GAH, AO is greater than EO, and AK is great¬ 
er than KQ^ Therefore AI + AL is greater than 
AQj and if the angle GEH be lefs than GAH, AI 

+ AL is lefs than AQ^ 
(D) Two equal preffures, adting in the diredtions 

AB and AC (fig. 2.), at right angles to each other, 
compofe a preffure in the diredtion AD, which bifedts 
the right angle ; and its .intenfity is to the intenfity of 
each of the conftituent preffures as the diagonal of a 
fquare to one of the fides. It is evident that the di¬ 

redtion of the preffure, generated by their joint adtion, 
will 
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Second!.aw will bifeft the angle formed by their dire&ions; becaufe 
of Motion. no reafon can be afiigned for the direction inclining 

‘ more to one fide than to the other. 
In the next place, fjnee a force in the direction AD 

does, in fact, arife from the joint action of the equal 
prefiures AB and AC, the prefiure AB may be con¬ 
ceived as arifing from the joint action of two equal 

forces fimilarly inclined and proportioned to it. Draw 
E AF perpendicular to AD. One of thefe forces mud be 
directed along AD, and the other along AE. In like 
maimer, the prefiure AC may arife from the joint ac¬ 
tion of a prefiure in the direction AD, and an equal 
prefiure in the direction AF. It is alfo plain, that the 
prefiures in the directions AE and AF, and the two 
prefiures in the direction AD, mud be all equal. And 
alfo, any one of them mud have the fame proportion to 
AB or to AC, that A Bor AC has to the force in 
the direction AD, arifing from their joint action. 

Therefore, if it be faid that AD does not meafure 
the prefliire'arifing from the joint action of AB and 
AC, let Ac/, greater than AD, be its jud meafure, 

and make A d: AB == AB : A^ == AB : A e. Then 
A g and A e have the fame inclination and proportion 
to AB that AB and AC have to A d. We determine, 
in like manner, two forces A f and A g as condituents 

of AC. 
Now A d is equivalent to AB and AC, and AB is 

equivalent to A? and A^; and AC is equivalent to 
A/ and Ag. Therefore A d is equivalent to A e, 

A/, A^, and A g. But (a) A e and A/ ba¬ 
lance each other, or annihilate each other’s effect; and 
there remain only the two forces or prefiures A g, A g. 
Therefore (b) their meafure is a magnitude equal to 
twice A^. But if A d be greater than the diagonal 
AD of the fquare, whofe Tides are AB and AC ; then 
A g mud be Itfs than AI, the fide of the fquare whofe 
diagonal is AB. But twice A^ is lefs than AD, and 
much lefs than A d. Therefore the meafure of the 
equivalent of AB and AC cannot be a line A d great, 
er than AD. In like manner, it cannot be a line A<T 

that is lefs than AD. Therefore it mud be equal to 
AD, and the propofition is demondrated. 

(E) Cor. Two equal forces AB, AC, a&ing at 
right angles, will be balanced by a force AO, equal 
and oppofite to AD, the diagonal of the fquare whofe 
fides are AB and AC ; for AO would balance AD, 
which is the equivalent of AB and AC. 

(F) Let AECF (tig. 3.) be a rhombus, the acute 
angle of which EAF is half of a right angle. Two 
equal prefiures, which have the directions and meafures- 
AE, AF, compofe a prefiure, having the direction and 
meafure AC, which is the diagonal of the rhombus. 

It is evident, in the tivd place, that the compound 
force has the direction AC, which bifects the angle 
EAF. If AC be not its jud meafure, let it be AP 
lefs than AC. Letv ABCD be a fquare deferibed on. 
the fame diagonal, and make AP : AQAE : AO, 
= AF : A 0. Draw KOG, perpendicular to- 

AE, AF; draw GI*, OH o> EG, EK, It g, FK, 
PF, and PE. 

The angles CAB and EAE are equal, each being 
half of a right angle. Alfo the figures AEPF and 
AGEK are fimilar, becaufe AP : AQ = AE : AO. 
Therefore FA : AP = KA : AE, and EA : AP = 

GA : AE. Therefore, in the fame manner that the 
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forces AE, AF are affirmed to compofe AP, the forces Secondl.aw* 

AG and AK may compofe the force AE, and the forces otlon* 

Ag and AK may compofe the force AF. Therefore 
(B) the force AP is equivalent to the four forces AG, 

AK, Ag, AK. But (D) AG and A^ are the fides 
of a fquare, whofe diagonal is equal to twice AI : 
and the two forces AK, AK are equal to, or are mea- 

fyred by, twice AK. Therefore the four forces AG, 

AK, A^, AK, are equivalent to 2 Al + 2 AK, = 

4 AH. 
But becaufe AP was fuppofed lefs than AC, the 

angle FPE is greater than FAE, and GEK is greater 
than GAK, AO is greater than OE, and AH is great¬ 
er than HQ^ and 2 AH is greater than AQj and 
therefore 4 AH is greater than AC, and mueffgreater 
than AP. Therefore AP is not the juft meafure of 

the force compofed of AE and AF. 
In like manner, it is fhewn, that AE and AF do 

not compofe a force whofe meafure is greater than AC. 
It is therefore equal to AC ; and the propofition is de- 

monftrated. 
(G) By the fame procefs it may be deinonftrated, 

that if BAD be half a right angle, and EAF be the 
fourth of a right angle, two forces AE, AF will com¬ 
pofe a force meafured by AC. And the procefs may 
be" repeated for a rhombus whofe acute angle is -^th, 
-r^th, &c. of a right angle ; that is, any portion of a 
right angle that is produced by continual bifedtiono 
Two forces, forming the fides of fuch a rhombus, ccjn- 
pofe a force meafured by the diagonal. 

(H) Let ABCD, Abed (fig. 4.) be tv/o rhoin- 
bufes formed by two confecutive biie<ftions of a right 
angle. Let AECF be another rhombus, whofe lides 
AE and AF bifedt the angles BA£ and DA d. 

The two forces AE, AF, compofe a force AC. 
Bife6t AE and AF in O and 0. Draw the perpen¬ 

diculars GOH, goby and the lines GI^, OKo, HL^,. 
and the lines EG, EH, F^, F h. 

It is evident, that AGEH and Ag Yh are rhom-. 
bufes ; becaufe AO = OE, and A 0 = 0 F. It is alfo 

plain, that lince b A d is half of BAD, the angle GAH 
is half of b A d. It is therefore formed by a continual 
bife£tion of a right angle. Therefore (G) the forces 
AG, AH, compofe a force AE ; and A^, A A, com¬ 
pofe the force AF. Therefore the forces AG, AH, 
Agt Ah, a&ing together, are equivalent to the forces 
AE, AF adling together. But AG, Ag compofe 
a force = 2 AI ; and the forces AH, A h>. compofe a . 
force zz 2 AL. Therefore the four forces adling to¬ 
gether art* equivalent to 2 AI + 2 AL, or to 4 A-K. 
But becaufe AO is } AE, and the lines G^, O 0, H h>„ 
are evidently parallel, 4 AK is equal to 2 AQ^or to 
AC ; and the propofition is demondrated.. 

(I) Cor.. Let us now fuppofe, that by continual bi- 
fe&ion of a l ight angle we have obtained a very fmall 
angle a of a rhombus ; and let us name the rhombus by 
the multiple of a which forms its acute angle. 

The propofition (G) is true of a, 2 a, 4 a, &c. The 
propofition (H) is true of 3 a. In like manner, be¬ 

caufe (G) is true of 4 a and 8 a9 propofition (H) is 
true of 6 a ; and becaufe.it is true of 4 a, 6 a9 and 8 a9 
it is true of 5 a and 7 0. And fo on continually till, 
we have demonftrated it of every multiple of a that is-* 
lefs than a right angle. 

(K) Let RAS (fig. 5.) be perpendicular to AC„ 
and 
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SecondLaw and lej. ABCD be a rhombus, whofe acute angle BAD 
of Motion. «g |*ome muxt{pje of 2 a that is lefs than a right angle. 

Let A bed be another rhombus, whofe Tides A b, A d 

bifeft the angles RAB, SAD. Then the forces A b, 

A d compofe a force AC. 
Draw b R, d S parallel to BA, DA. It is evident, that 

AR b B and AS d D are rhombufes, whofe acute angles 
are multiples of a that are each lefs than a right angle. 
Therefore (I) the forces AR and AB compofe the force 

A b, and AS, AD compofe A d; but AR and AS 
annihilate each other’s effeft, and there remains only the 
forces AB, AD. Therefore A b and A d are equiva¬ 
lent to AB and AD, which compofe the force AC ; 
and the propofition is demon ftrated. 

(L) Cor. Thus is the corrollary of laft propofition 

extended to every rhombus, whofe angle at A is fome 
multiple of a lefs than two right angles. And fince a 
may be taken lefs than any angle that can be named, 
the propofition may be confidered as demonftrated of 

every rhombus : and we may fay, 
(M) Two equal forces, inclined to each other in any 

angle, compofe a force which is meafured by the diagonal 
tf the rhombus, whofe fdes are the mcafures of the cot fit- 

tuent forces. 
(N) Two forces AB, AC (fig. 6 ), having the di¬ 

rection and proportion of the Tides of a rectangle, com¬ 
pofe a force AD, having the direction and proportion 

of the diagonal. 
Draw the other diagonal CB, and draw EAF pa¬ 

rallel to it ; draw BE, CF parallel to DA. 
AEBG is a rhombus ; and therefore the forces AE 

and AG compofe the force AB. AFCG is alfo a rhom¬ 
bus, and the force AC is equivalent to AF and AG. 
Therefore the forces A B and AC, acting together, are 

equivalent to the forces AE, AF, AG, and AG ac¬ 
ting together, or to AE, AF, and AD acting toge¬ 
ther : But AE and AF annihilate each other’s action, 
being oppofite and equal (for each is equal to the half 
of BC). Therefore AB and AC acting together, are 
equivalent to AD, or compofe the force Al). 

(O) Two forces, which have the direction and pro¬ 
portions of AB, AC (fig. 7.) the fides of any paralle¬ 
logram, compofe a force, having the direction and pro¬ 

portion of the diagonal AD. 
Draw AF perpendicular to BD, and BG and DE 

perpendicular to AC. 
Then AFBG is a rectangle, as is alfo AFDE ; and 

AG is equal to CE. Therefore (N) AB is equivalent 
to AF and AG. Therefore AB and AC acting to¬ 
gether, are equivalent to A F, AG, and AC aft in g to¬ 
gether ; that is, to AF and AE acting together ; that 

is (N) to AD; or the foices AB and AC compofe 

the force AD. 
Hence arifes the moll general propofition, 

r 51 If a material particle be urged at once by two preffures 

tion of all or Incitements to motion, whofe intenfities are proportional 
incitements to the ftdes of any parallelogram, and which ad in the di- 
to motion, redions of thofe fides, it is ajfcded in the fame manner as 

if it were aded on by a fugle force, whofe intenfty is mea¬ 
sured by the diagonal of the parallelogram, and which ads 
in its diredion : Or, two preffures, having the diredion 
and proportion of the fides of a parallelogram, generate a 
prejfure, having the diredion and proportion of the diagonal. 

Thus have we endeavoured to demonftrate from .ab- 
ftraft principles the perfect fimilarity of the compofition 
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of preffures, and the compofition of forces meafured bySecondl aw 
the motions which they produce. We cannot help be-of Mot,(:n; 
ing of the opinion, that a feparate demonftration is in- "" ^ 

difpenfably neceffary. What may be fairly deduced Seeming 

from the one cafe, cannot always be applied to the difference 
other. No compofition of preffures can explain theof^.ecom" 

change produced by a deflefting force on a motion al- motion and 

ready exifling ; for the changing preffure is the only 0f preffure 
one that exifts, and there is none to be compoundeddifappear 

with it. And, on the other hand, our notions and ob- 
fervations of the compofition of motions will not explain mjnej# 
the compofition of preffures, unlefs we take it for grant¬ 

ed that the preffures are proportional to the velocities ; 
but this is perhaps a gratuitous affumption. At any 
rate, it is not an intuitive propofition ; and we have 
mentioned fome fafts where it feems that they do not 
follow the fame proportion. Tlie preffure of four equal 
fprings produces only a double velocity. It would ap¬ 
pear, therefore, that there are circumftances which ob¬ 
lige us to fay, that the exertion of preffure, as a caufe of 
motion, is not (always at lead) proportional to the real 
meafurable preffure. We are therefore anxious to dis¬ 
cover in what the difference confifls ; and in the mean 
time muft allow, that the preffure exerted on a body at 
reft is different from its exertion in producing motion. 
We cannot indeed ftate any immediate comparifon be¬ 
tween preffure and motion, nor have we any clear con¬ 
ception of the conneftion between them. It is only by 
our fen fat ions of touch that we have any notion of pref¬ 
fure, and it is experience that teaches us that it always 
accompanies every caufe of motion. We can, however, 

obferve the proportions of preffures, and compare them 
with the proportions of motion. We very often ob¬ 
ferve them different ; and therefore it was inditpenfably 
neceffary to inveftigate the laws of combined prefiure 
as we did the laws of combined motion in conlequence 
of preffure. Vet we fhould err, if we haftily afferted 
that preffures are not proportional to the motions which 
they produce ; all that we are intitled to call in doubt 
is, whether the preffures in their exertion, while they 
aftually produce motion, or changes of motion, con¬ 
tinue to he the fame as when they do not produce 
motion, being withftood or balanced by oppofite pref- 
fures. Confidered as caufes of motion, we ought to 
think that they do not vary while they produce mo¬ 
tion, and that the aftual preffure, while it produces a 
double motion, is really double, although it may be 
quadruple when the body exerting it is made to aft on 
a body that it cannot move. We are confirmed in this 
opinion by obferving, that other fafts fhew us, that even 
while producing motion, the preffure which we call 
quadruple, becaufe we have meafured it by four equal 
preffures balancing it, is really quadruple, confidered as 
the caufe of motion, and produces a quadruple motion. 
A bow which requires four times the force to draw it 
to any given extent, will communicate the fame velocity 
to a bundle of four arrows that a bow four times eafier 
drawn communicates to one arrow, and will therefore 
produce a quadruple motion. Yet it will only produce 
a double velocity in the arrow that acquired a limple 
velocity from a bow having one fourth of the ftrength. 

Thefe difcrepancies fhould excite the endeavours of 
mechanicians to inveftigate the laws obferved in the ac¬ 
tion of preffures in producing motion. Had this been 

done with care and with candour, we fhould not have 
had 
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SeeondLawhad the great difference of opinion, which ftill divides 
rf Motion.pldlofophers, about the meafures of moving forces. But 
u- a fpint of party, which had arifen from other caufes, 

gave importance to what was at fir ft only a difference 
of exprelfion, and made the partifans of Mr Leibnitz 

avail themielves of the figurative language which has 
done id much harm in all the departments of philofo- 
phy. Notwithstanding all our caution, it is hardly pof- 
iible to avoid metaphorical conceptions when we em¬ 
ploy the language of metaphor. The abettors of the 
JLeibnitzian meafure of moving forces, or perhaps, to 
Speak more properly, the abettors of the Leibnitzian 
meafure of that force which is fuppofed to preferve bo¬ 
dies in their condition of motion—inlift, that the force 
which is exerted in producing any change of motion is 
greater in proportion as the motion changed is greater : 
and they give a very fpecious argument for their affer- 
tion. They appeal to the exertions which we our- 
fclves make. Here we are confcious of the fad. Then 
they give fimilar examples of the adion of bodies. A 
clay ball, moving fix feet per fecond, will make the ad- 
dition of one foot to the velocity of aa equal clay ball 
that is already moving four feet per fecond in the fame 
direction. But it this laft ball be already moving ten 
feet per fecond, we mull follow it with a velocity of 
twelve feet in order to increafe its velocity one foot. 
But, without infilling on the numberlefs paralogifms 
and inconliftencies which this way of conceiving the 
matter would lead ns into, it fuffices to obferve, that 
the phenomena give us abundant affuraoce that there 
has been the fame exertion in both thefe cafes. This 
acceleration is always accompanied by a compreffion of 
the balls, and the compreffion is the fame in both. This 
compreffion is a very good meafure of the force em¬ 
ployed to produce it; and in the prefent cafe, we need 
not even trouble emrfelves with any rule for its meafure- 
xnent : for furely when the compreffion is not different, 
but the fame, the force exerted is the fame. This is 
farther confirmed by obferving, that it requires the fame 
force to make the fame pit, or to give the fame mg- 
tion, to a piece of clay lying on the table of a {hip’s 
cabin, whether the {hip be failing two miles or ten miles 
per hour. 

> Thus we fee that there are ftrong reafons for belie¬ 
ving, that the exertions of preffure in producing motion, 
or that the preffures aftvally exerted, are proportional to 
the changes of motion obferved, and that they coincide 
in this refped with our abftract conceptions of moving 
forces. 

But we- have ftill better arguments. None of the 
Leibnitzians think of denying the equal exertions of 
gravity, or of any of tliofe'powers which they call foli- 
citations or accelerating forces. They all. admit, that 
gravity, or any conftant accelerating force, produces 

equal increments of velocity in equal times, and that a 
double gravity will produce a double increment in an 
equal time, and an equal increment in half of the time ; 
and that a quadruple gravity will produce a double ve¬ 
locity in half the time. All thefe things are granted 
by them, and their writings are full of reafonings from 

this principle. Now from the fad, acknowledged by 
the Leibnitzians, that the. quadruple force of a bow 
gives a double velocity to the arrow, in every inftant 
of its adion, it fndifputably follows, that it has aded 

on it only for half the time'of the adion of the four 
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times weaker bow, which gives the arrow only half theSecondLaw 
velocity ; and thus has the difcrepancy between the ef-of Motion. 

feds of preffures and of our abilrad moving forces en- v 
tirely difappeared. For this circumftance of the diffe¬ 
rence in the time of ading will be found, on ft rid ex¬ 
amination, in all the cafes of the change of motion by 
preffni es which we meafure by their effeds on a body 

at reft. When this and the appreciable changes of ac¬ 
tual preffure, during the time of producing the motion, 
are taken into confideration, all difference vanifhes, and 
the compofition of preffures is in perfed harmony with 
the compofition of motions, or of abftrad moving.for- 

ces. Dynamics is thus made a demonftrative fcience, 
and affords the opportunity of inveftigiting, by obfer- 
vation and experiment, the nature of thofe mechanical 
powers which refide in bodies, and which appear to us 
under the form of preffure, inducing us to confider oref- 

. fure as a caufe cf motion. 

In this, however, we are rather inaccurate. Preffure 
is one of the fenfible efteds of that property which is 
alfo the caufe of motion. It is not the preffure of a 
piece of lead, but its heaviness, that is the reafon that 
it gives, motion to a kitchen jack. Preffure is merely 

a generic name, borrowed from a familiar inftance, and 
given to moving forces, which have the fame nature, 
but different names that ferve to mark their connedion 
with certain fubftancts, in which they may be fuppofed 
to refide. Natural philofophy is almoft entirely em¬ 
ployed in examining the nature of thefe various pref¬ 
fures or accelerative forces; and the general dodrines 
of dynamics, by afeertaining what is common to them 
all, enable us to mark with precifiou what is charader- 
iftic of each. 

We have now advanced very far in this invefligation; General co. 

for we have obtained the criterion by which we learn rollarics. 
the diredion and the magnitude of every changing 
force : and, on the other hand, we fee how to ftate 
what, will be the effed of the exertion of any force 
that is known or fufpeded to ad. All this we learn by 
the compofition of forces'; and the greatell part of me¬ 

chanical difquifition confifts in the application of this 
dodrine. For filch reafons it merits minute confider-. 
ation ; and therefore we muft point out fome general 
conclufrons from the properties of figure, which will 
greatly facilitate the ufe of the parallelogram of forces. 

1. The conftituent and the refulting forces, or the 
fimple and compound forces, ad in the lame plane ; for 
the iides and diagonal of a parallelogram are in one 
plane. 

2. The fimple and the compound forces are propor¬ 
tional to the Iides of any triangle which are parallel to 
their diredions. For if any three lines, ab, bd, ad, be 
drawn parallel to AB, AC, and AD (fig. 7, n0 2.), 
they will form a triangle fimilar to the triangle ABD. 
For the fame reafons they are proportional to the fides 
of a triangle a'bd, which are relpedively perpendicular 
to their diredions. * * 

3. Therefore each is proportional to the fine of the 56 
oppofite angle of this triangle ; for the fides of any tri- * " 
angle are proportional to the fines of the oppofite 
angles. 

4. Each is proportional to the fine of the angle con- 57* 
tained by the diredions of the other two ; for AD is 
to AB as the fine of the angle ABD to the fine of 

the angle ADB. Now the fine of ABD is the fame 

with 

54. 

55* 
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59 
Equivalent 

<of many 

force*. 

,Second Law vri tli the fine of BAC contained between the directions 
of^Mction. AB and and the f,ne of ADB is the fame with 

the fine of CAD ; alfo AB is to AC, or BD, as the 

fine of ADB (or CAD) to the fine of BAD. 

So’ it f e We now proceed to the application of this fund3- 
ciaUfc^of mental proportion. And we obferve, in the fir ft place, 

♦ the paral- that fmce AD may be the diagonal of an indefinite 
Jelrgram t)C4Himber of parallelograms, the motion or the preffure 

v£jrccs. may refdlt from the joint attion of many pairs of 

forces. It may he produced by forces which would 

feparately produce the motions AF and AG. This 
generally give$ us the means of difcovering the forces 
which concur in its production. If one of them, AB, 
is known in dire&iou and intenfity, the direction AC, 

parallel to BD, and the intenfity, are difcovered. Some¬ 
times we know the directions of both. Then, by 

-drawing the parallelogram or triangle, we learn their 
proportions. The force which defleCts any motion 
AB into 3 motion AD, is had by fimply drawing a 
line from the point B (to which the body would have 
moved from A in the time of really moving from A to 
D) to the point D. The deflecting force is fuch as would 
have caufed the body move from B to D in the fame time. 
And, in the fame manner, we get the compound mo- 

'tion AD, which arifes from any two fimple motions 
AB and AC, by fuppofing both of the motions to be 
accomplifhed in fucceflion. The final place of the bo- 
dv is the fame, whether it moves along AD or along 

AB and BD in fucceifion. 
This theorem is not limited to the compofition of 

two motions or two forces only ; for fince the combi¬ 
ned aCtion of two forces puts the body into the fame 
ftate as if their equivalent alone had aCted on it, we 
may fuppofe this to have been the cafe, and then 
the aCtion of a third force will produce a change on 

f this equivalent motion. The refulting motion will be 
the fame as if only this third force and the equivalent 
of the other two had aCted on the body. Thus, in 

SMateXXH. fig. 8. the three forces AB, AC, AE, may aCi at once 
on a particle of matter. Complete the parallelogram 
ABDC ; the diagonal AD is the force which is ge¬ 
nerated by *-\B and AC. Complete the parallelogram 
AEFD ; the diagonal AF is the force refulting from 

the combined aCtion of the forces AB, AC, and AE. 
In like manner, completing the parallelogram AGHF, 
the diagonal AH is the force refulting from the com¬ 

bined action of AB, AC, AE, and AG, and fo on of 

any number of forces. 
This refulting force and the refulting motion may 

be much more expeditioufly determined, in any. degree 
of compofition, by drawing lines in the proportion and 

direction of the forces in fucceflion, each from the end 

of the preceding. Thus, draw AB, BD, DF, FH, 
and join AH ; AH is the refulting force. The de- 

monftration is evident. 
It is to be noticed here, that in the compofition of 

more than two forces, we are not limited to one plane. 
The force A D is in the fame plane with AB and AC ; 
but AE may be elevated above this plane, and AG may 

lead below it. AF is in the plane of AD and AE, 
and AH is in the plane of AF and AG. 

Complete the parallelograms ABLE, ACKE, 
ELFK. It is evident that ABEFKCD Js a paral¬ 
lelepiped, and that AF is one of its diagonals. Hence 

we derive a more general theorem of great ufe. 

6i, 

1Three forces having the proportion and dire Cl'on of the Serendt* 
three fides of a parallelepiped, conipcfe a force having ^ Motion 
the proportion and direction of the diagonal. ^ ‘ 

Any number of forces aCting together on one par-One force 
tide of matter are balanced by a force that is equal and may ba- 
oppofite to their refulting force; for this force would ba-^Fe manl 
lance their reiulting* force which is equivalent to them in t0" 
aCtion. When this is duly confidered, we perceive that6 
each force is then in equilihrio with the equivalent of all 
the others ; for a force can balance only what is equal 
and oppofite to it. It appears very readily by the geome¬ 
trical conftruCtion. If, inftead of the circuit A, B, 

D, F, H, we take B, D, F, H, A, we have BA for 
the equivalent of the forces AC, AE, AG ; but AB 
is equal and oppofite to BA. Therefore the force AB 
is ill equilibrio with the equivalent of all the others. 

When any number of forces a£t on one particle of 
matter, and are in equilibrio, if they be confidered as 
aCting in parcels, the equivalents of thefe parcels are in 
equilibrio; for let the forces AB, AC, AE, AG, Ah, 
be in equilibrio, and let them be confidered in the two 
parcels'AB, AC, and AE, AG, Ah ; then AD is the 
equivalent of AB, BD (or AC), and DA is the equi¬ 
valent of DF, FH, HA (or Ah) : now AD and DA 
balance each other. This corollary enables us to Am¬ 
plify many intricate complications of force; it alfo‘ena¬ 
bles us to draw accurate conclufions from very imper- 
feCl observations. In moil of our praClical difenffions 
we know, or at leaft we attend to, a part only of the 
forces which are acting on a material particle ; and in 
fuch cafes we reafou as if we faw the whole : yet is our 
mathematical reafoning good with refpeCt to the equi¬ 
valent of all the parcels which we are contemplating, 
and the equivalents of the fmaller parcels of which it 

confifts ; arid the negleCted force, or parcel of forces, 
induces no error on our conclufions. 

In the fpontaneous phenomena of nature, the invefti-Expedition 
gation and difeovery of our ultimate objeCt of fearch is ^eily dsfo 

frequently very difficult, on account of the multiplicity 

of directions and intenfities of the operating forces orjn^ motioi 
motions. We may generally facilitate the procefs, by in compli- 
fubftituting equivalent forces or motions aCting in con-cate<* ca^C! 
venient directions. It is in this way that the naviga¬ 
tor computes the ffiip's place with very little trouble, 
by fubftituting equivalent motions in the meridional 
and equatoreal directions for the real oblique courfes of 
the fhip. Inftead of fetting down ten miles oil a 
courfe, S. 36. 52. W. he fnppofes that the fhip has 
failed eight miles due fouth, and fix miles due weft, 
which brings her near to the fame place. Then, in¬ 
ftead of fourteen miles fouth-weft, he fets down ten 
miles fouth and ten miles weft ; arid he proceeds in the 
fame way for every other courfe and diftance. He 
does this expeditioufly by means of a traverfe table, in 
which are ready calculated the meridional and equato¬ 
real fides of right angled triangles, correfponding to 
every courfe and diftance. Having done this for the 

courfe of a whole day, he adds all the fouthings into 
one fum and all the weftings into another: he confiders 
thefe as forming the fides of a right angled triangle ; 
he looks for them, paired together, in his traverfe ta¬ 
ble, and then notices what angle and vvh3t diftance cor- 
refponds to this pair. This gives him the pofition and 
magnitude of the ftraight line joining the beginning and 

end of his day's work. 
v The 
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Secondt-aw The miner proceeds in the fame way when he takes 
©fMction. plin of fubterraneous workings, meafuring, as he 

1" ^ goes along, and noticing the bearing of each line by 

the cornpafs. and fetting down, from his traverfe table, 
the northing or fouthing, and the ealling or welling, 

for each oblique line : but there is another circumftance 
which he mull attend to, namely, the flope of the va¬ 
rious drifts, galleries, and other workings. This he 
does by noting the rife or the dip of each fioning line. 

He adds all thefe into two films; and taking the rifings 

from the dips, he obtains the whole dip. Thus he 
learns how far the workings proceed to the north, how 
far to the eart, and how far to the dip. 

The reflecting reader will perceive that the line join- 

ing the two extremities of this progreffion will form 
the diagonal of a redlangular parallelopiped ; one of 
whofe Tides lies north and fouth, the other lies eaft and 
weft, and the third is right up and down. 

The mechanician proceeds in the very fame way in 
the. invertigation of the very complicated phenomena 
which frequently engage his attention. He confiders 
every motion.as compounded of three motions in fome 
convenient directions, at right angles to each other. 
He alfo confiders every force as refulting from the 
joint aClion of tliree forces, at right angles to each 
other, and takes the fum or difference of thefe in the 

fame or oppofite directions. From this proccfs he ob¬ 
tains the three Tides of a parallelopiped,* and from thefe 
computes the polition and magnitude of the diagonal. 
This is the motion or force refulting from the compofi- 
tion of all the partial ones. 

Parent may This procedure is called the Estimation or Re- 

tfVbv^cr DUCT10N motions and forces. 
reduced to, ^ motion or force A B (fig. 9.) is faid to be eJH- 

64 ( mated in the dire&ion EF, or to be reduced to this di- 

ulZT rfaion vvhen lt is conceived as compounded of the mo- 

MICS. *2l 
AD, are in eqmlibno, ABLC rcuift be a paraHelogram,Sernn<il.a\v 

and AL is the force equivalent to AB and AC com- Mori n* 
bined ; then, becaufe the lines D d, B b, C c, L/, are v * 
parallel, d A is equal to A /, and A^toCo, or tor/; 

therefore A / is equal to the fum of A b and A r, which 

are the reductions of AB and AC ; therefore d A is 
equal to the fame fum, and in equilibrio with them. 

Secondly, Let them be reduced to one plane EFGH, 
and let « x, «be the reduced forces. The lines D 

C t,L a., are all parallel, being perpendicular 
to the plane ; therefore the planes AB a a and CL Xlc 

are paiallel, and a/3, x x, are parallel. For fhnilar rea- 

fons a a x, are parallel ; therefore */3xx is a parallelo¬ 
gram. Alfo, becaufe the linesD j, A a, L A> are parallel, 

and DA is equal to AL ; therefore s a is equal to a 

But becaufe e«3xx is a parallelogram, the forces'*/?! «x, 
are equivalent to « k \ and « / is equal and oppofite to 
« >, and will balance it ; and therefore will balance a /j 

and which are the reductions of AB and AC to 

the plane EFGH, while « s is the redudi'on of AD ; 
therefore the propofition is demonftrated. 

The moft .ufual and the moll ufeful mode of redne-The moft 
t.ion is to ellimate all forces in the directions of threeuu 1 mod® 
lines drawn from one „ of reduc¬ 

tions or forces AC, AD, one of which AC is paral¬ 
lel to EF, and the other AD is perpendicular to it. 

This expreffion is abundantly fignificant; for it is plain 
that the motion AD neither promotes nor hinders the 

progrefs along EF, and that AC exprefies the whole 
progrefs in this direction. 

In like manner, a force AB (fig. 10.) is faid to be 
6? 

Or a given - v -0- —, —-— wV 
plane. estimated tn, or reduced to, a given plane EFGH, when 

pqmlihri- 
irr> nc f,>P. 

f« fo efti- 
ImatH nr 
(rtduced. 

it is conceived as refulting from the joint aCtion of two 

forces AC, AD, one of which is parallel to a line a b 
drawn in that plane, and the other AD is perpendicu¬ 
lar to it The pofition of the line a b is determined 
hy letting fall B b perpendicular to the plane, and draw¬ 

ing b P to the point P, m which BA meets the plane; 
then A a being drawn parallel to B b, will cut off b a, 
which is the reduction of the motion AB to the plane. 
Drawing ' C parallel to a b, and completing the paral¬ 

lelogram ACBD, it is evident that the motion AB is 
equivalent to AD and AC, which is parallel to a b, 
and the three forces AB, AC, AD, are, as they fhould 
be, in one plane perpendicular to the plane EG. 

If three forces AB, AC, AD (fig. 11.), are in 
equilibrio, and are reduced to any oi>e direction d A /, or 

to one plane EFGH, the reduced forces are alfo in 
equilibrio. 

Firjly Let them be reduced to one direction d l by 
drawing the perpendiculars B b9 Cc, D d; make AL 
equal to AD, and join BL, CL, and draw the perpen¬ 

diculars L/,Cc; then, becaufe the fprees AB, AC. 
Suppl. Vol. I. Part II. 

point, at right angles to each”1 
other, like the three plane angles of a reCl-mgular chert, thTi/co-or- 
forming the length, the breadth, and the depth of thedinates. 

chert. Thefe are commonly called the three co ordi¬ 
nates. The refulting force will be the diagonal of this 

parallelopiped. This procefs occurs in all difquifkions 
in which the mutual action of folids and fluids is confi- 

dered, and when the olcillation or rotation of detached 
free bodies is the fubjeCl of difcufliori. 

The only other general theorem that remains to be Relative 
deduced from this law of motion is, that if a number motions of 
°t bodies are moving in any manner whatever, and an ■ ° !i,,s not 
equal force ad on every particle of matter in the fameaffe<aed by 

or parallel diredions, their relative motions will fuffer^ous^qu'al 
no change; for the motion of any body A (fig. I 2.), parallel 
relative to another body B, which is alfo in motion, isde¬ 

compounded of the real motion of A, and the oppofite 
to the real motion of B ; for let A move uniformly 

from A to C, while B deferibes BD uniformly, draw 
AB, alfo draw AE equal and parallel to BD, join EC, 

DC, ED. The motion of A, relative to B, confifts 
in its change of pofition and diilance. Had A deferi- 

bed AE, while B deferibed BD, there would have 

been no change of relative place or diilance ; but A is 
now at C, and I)C is its new diretlion and diilance. 
The relative or apparent motion of A therefore 'is EC. 
Complete the parallelogram ACFE ; it is plain that the 
motion EC is compounded of EF, which is equal and 
parallel to AC, the real motion of A, and of EA, the 
equal and oppofite to BD, the real motion of B. 

Now let the motions of A and B fuflain the fame 
change ; let the equal and parallel motions AG, BH. 

be compounded with the motions AC and BD ; or let 

forces aft at once on A and B, in the parallel diredions 

AG, BH, and with equal intenfiiies ; in either fuppo- 
fition, the refulting motions will be A c, B d. the dia¬ 
gonals of the parallelograms A G c C, and B H d D 

Conllrua fhe figure as before, and we fee that the re- 
ht.ve motion is now e c, and that it is the fame with 
EC both 111 refped of magnitude and pofition 

Here we flill fee the conftant analogy between the 

compofition of motions and the compolition of forces. 

3 U in 
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SeccodLawIn the firft cafe, the relative motions of things are not 
of Motion, changed whatever common motion be compounded 

‘-'-'with them all; or, as it is ufually, but inaccuratey, ex- 
preffed, although the fpace in which they move be car¬ 
ried along with any motion whatever. In the lecon 

cafe, the relative motions and a&ions are not changed 
by any external force, however great, when equally ex- 

erted on every particle in parallel directions. 
Thus it is that the evolutions of a fleet in a uniform 

current are the fame, and produced by the fame means, 

as in {fill water. Thus it is that we walk about on the 
furface of this globe in the fame manner as if it neither 
revolved round the fun, nor turned round its axis. 1 hus 

it is that the fame ftrength of a bow will communicate 

a certain velocity to an arrow, whether it is (hot eait, 

or weft, or north, or foutli. Thus it is that the mu¬ 
tual actions of fublunary bodies are the fame, in what¬ 
ever direftions they are exerted, and notwithftanding 

the very great changes in their velocities by reafon of 
the earth’s rotation and orbital revolution. 1 he real 
velocity of a body on the earth’s equator is about 3000 

feet per fecond greater at midnight than at midday. 
For at midnight the motion of rotation nearly confpires 

with the orbital motion, and at midday it nearly oppoies 
it. The difference between the velocities at the begin- 

rung of January and the beginning of July is val y 
oreater. And at other times of the day, and other iea- 

fons of the year, both motions of the earth are trani- 
verfely compounded with the eafterly or weflerly motion 

of an arrow or cannon bullet. Yet we can obferve no 

.. change in the effeas of the mutual aaions of bodies. 
rrtv • • _ - *_? herame it DTOl 

by them, 

ThU affords This is an important obfervation ; becaufe it proves 

a demon- that forces are to be meafured by no other fcale than 
ft ration of b tjie motions which they produce. We have had re- 

ttnaPlhvPof peated occaf.ons to mention the very different eft.ma- 

“ovfng tion of moving forces by Mr Leibnitz ; and have (hewn 
forces to how, by a very partial confideration of the a&ion ot 
the motions natural powers called prejfures, be has attempted 
produced ^ £ that moving forces are proportional to the 

fquares of the velocities; and wc (hewed briefly, in what 
manner a right confideration of what paffes when mo¬ 

tion is produced by meafurable preffures, proves that the 

forces really exerted are as the velocities produced. 

But the moft copious proof is had from the prefent ob¬ 

fervation, that, in faft, the mutual aftions of bodies de¬ 

pend on their relative motions alone. . 
69 The Leibnitzian meafure of moving force is altoge- 

Xaftbie ther incompatible with the univerfal faft now mention- 
with their ed, -viz. that the relative motions of bodies, refulting 
proportion-from their mutual actions, are not affected by any com- 
ality to themon moU or tlie adion of any equal and parallel force 

thofemc- on both bodies: for this univerfal fad: imports, that 
when two bodies are moving with equal velocities nrtne 

fame diredion, a force applied to one of them, fo as to 
increafe its velocity, gives it the fame motion relative to 

the other, as if both bodies had been at reft. Here it 
is plain that the fpace described by the body in con- 
fequence of the primitive force, and of the force now 
added, is the fum of the fpaces which each of them 
would generate in a body at reft. Therefore the forces 
are proportional to the velocities or changes of motion 
which they produce, and not to the fquares of thofe ve¬ 

locities. * This meafure of forces, or the pofition that 
a forc<r makes the fame change on any velocity what¬ 
ever, and the dependence of the relative motions on 

any motion that is the fame on all the bodies of a fyf- 

ticne. 

M I C S. 
tern, are counterparts of each other. Since this inde- Serov..’Law 

pendence is a matter of obfervation in all terreltrial bo- ,ot 

dies, we are intitled to fay, that the powers which the v 
Author of Nature has imparted to natural bodies are 

no way different from wliat are competent to matter 

once called into exiftence. And it alfo follows from 
this, that we muff always remain ignorant of the abfo- 

lute motions of bodies. Fbe fa&, that it has lequired 
the unremitted ftudy of ages to difeover even the rela¬ 

tive motion^ of our folar fyftem, is an argument to prove 
that the influence of this mechanical principle extends 

far beyond the limits of this fublunary world ; nor has 
any phenomenon yet been exhibited which fhould lead 

us to imagine that it is not univerfal. 
When we have made ufe of thefe arguments with SoBernoui- 

fome zealous partizans of Mr Leibnitz’s dcarine, they H’s defence 

have anfwered, that if indeed this independence of the ^pinion .* 
relative motions of terreftrial bodies .were obferved towithoU 

obtain exadiy, it would be a conclufive argument. But force, 

the motion with which all is carried along is fo great 
in comparifon with the motions which we can produce 

in our experiments, that the fmall additions or diminu¬ 

tions that we can make to the velocity of this common 
motion muft obferve very nearly the proportions of the 
additions or diminutions of their fquares. The diffe¬ 

rences of the fquares of 2, 3, and 4, are very unequal ; 
but the differences of the fquares of 9, 10, 11, are 
much nearer to the ratio of equality ; and the differen¬ 
ces of the fquares of 1000001, 1000002, 100C003, do 

not fenfibly deviate from this ratio. _ But it is not fact 
that we cannot produce motions which have a very fen- 

Able proportion to the common motion. The motion 

of a cannon ball, difebarged with one third of its weight 
of powder, is nearly equal to that of the rotation ot 

the earth’s equator. When, therefore, we difeharge 

the ball eaftward, we double its motion ; when to the 
weftward, we deftroy it. Therefore, according to Leib¬ 

nitz, the aftion in the firft cafe is three times the ac¬ 
tion in .the fecond. In the firft cafe it changes the 
fquare of the velocity (which we may call I) from I to 
4 ; and, in the fecond, it changes it from i to o. But 
fay the Leibnitzians, the velocity of rotation is but TT 

of the orbital velocity of the earth, and our obferva- 
tions of the velocities of cannon bullets are not iutii, 

■ciently exaft to enfure us againft an error of But 

the later obfervations on the peculiar motions of the 

‘fixed ftars concur in (hewing, that the fun, with Ins at¬ 
tending planets, are carried along with a very great mo, 
tion, which, in all probability, has a fenfible rat.o to 

the orbital motion of the earth. This mull matte a 
prodigious change on the earth’s abfolute motion, ac¬ 

cording as her orbital motion confpires with, oppoies, 

or croffes, this other motion : die earth may even be at 
abfolute reft in fome points of its orbit. I hus will the- 
compofition with the motions produced in our experi¬ 
ments be fo varied, that cafes mujl occur when the dif¬ 

ference of the refults of the two meafures of force will 

be very fenfible. , 
But, farther, they have not attended to the agree¬ 

ment of our experiments, when the difeharges of can¬ 
non are made in a direction tranfverfe to that of the 

common motion. Here the immenfity of the 
motion, and the minuteuefs of our experimental veloci¬ 
ties, can have no effeft in diminiflimg the difference of 

the refults of the two doftrines. This will 
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SecwdUw tindly to every reader who is much converfant in dif- 
ofMotio , quJfitions of this kind ; and it is in thefe more modc- 

rate motions that the complete independence of the re¬ 
lative motions on the common motions moll accurately 
appears. Pendulum clocks and watches have been of¬ 
ten executed which do not deviate from perfect equabi¬ 

lity of motion one part in 86400. This could not be ob¬ 
tained in all directions of the ofcillations, if the forces de¬ 

viated from the ratio of the velocities one part in 86400. 

Perfe# a- On the whole, we may confider it as eilabiilhed on 
greementof the furell foundation, that the adion of thofe powers of 
the abftra<5t natural bodies which we call prejfure, fuch‘as the force 

force with °* fpr*n5s> ^ie e>*erti°ns of animals, the cohdion of bo- 
all our ac dies, as well as the action of thofe other incitements to 
curate ob- motion which we call attractions and repujfions, fuch as 
fervarious gravitation, magnetifm, and eledricity— is proportional 
of the ex- the change of velocity produced by it. And we 

natural mull obferve nere, that tins is not a mere mode of con- 
powers. ception, the refult of the laws of human thought, which 

cannot conceive a natural power as the caufe of motion 

otherwife than by its producing motion, and which 
cannot conceive any degree of moving power different 
from the degree of the motion. This is the abftrad 
dodrine, and is true whether the preflures are propor¬ 

tional to the velocities or to the fquares of the veloci¬ 
ties. But we fee farther, that whatever is the preflure 
of a fpring (for example) on a quiefeent body, yet the 
preflure adually exerted in producing a double velocity 
is only double, and not quadruple, as our firfl imperfed 

70 obfervations make us imagine. 
Newton’s Sir Ifaac Newton has added another propofltion to 
third law of tke number of laws of motion ; namely, that every ac- 
moi ion is 1 1 J J • 
founded on iwn ls accompanied by an equal ant* contrary reaction. 
experience But in affirming this to be a law of nature, he only 
alone, and means that it is an univerfal fad: And he makes this 

13 not a affirmation ori the authority of what he conceives to 

truth. * he a law of human thought ; namely, that thofe qua¬ 
lities which we find in all bodies on which we can make 
experiments and obfervations, are to be confidered as 

univerfal qualities of body. But we have limited the 

term law of motion to thofe confequenees that necef- 
larily flow from our notions of motion, of the eaufes 

of its production and changes. Now this third New¬ 
tonian propofltion is not fuch a refult. A magnet is 
faid to ad on a piece of iron when, and only when, 
the vicinity of the magnet is obferved to be accompa¬ 
nied by certain motions of the iron. But it by no 
means follows from this obfervation, that the prefeuce 
of the iron {hall be accompanied by any motion, or any 
change of flate whatever of the magnet, or any ap¬ 
pearance that can fugged the notion that the iron adds 
on the magnet. When this was obferved, it was ac¬ 
counted a difeovery. Newton difeovered that the fun 

ads on the planets, and that the earth ads on the 
moon ; and Kepler difeovered that the moon reads 

on the earth. Newton had obferved that the iron re¬ 
ads on the magnet ; that the adions of eledrified bo- 

* dies were mutual; and that every adion of fublunary 
bodies was, in fad, accompanied by an equal and con¬ 
trary readion. On the authority of his rule of philp- 

fopbizing, he affirmed that the planets read on the 
fun, and that the fun is not at reft, but is continual¬ 

ly agitated by a fmall motion round the general centre 

of gravitation. He pointed out feveral confequenees 

of this readion. Aftronomers examined the celeftial 
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motions more narrowly, and found that thofe confe-Second Law 

quences do really obtain, and difturb all the planetary ,°^i^')t*on*i 
motions. It is now found that this reciprocity of ac- 

lion obtains throughout the folar fyftem with the utmofl 

pvecifion, and that the third Newtonian propofltion is 
really a law of nature, although it is not a law of hu- 
man thought. It is a difeovery. The contrary in¬ 

volves no ahfurdity or contradiction. It world indeed 
be contrary to experience ; but things might have been 

otherwife. It is conceivable, and polflble, that a ball 

A fhall ftrike another equal ball B, and carry it along 
with it, without any diminution of its velocity. The 

fad, that the velocity of A is reduced to one-half, is the 

indication of a force rdidirig in B, which force changes 

the motion of A; and the intenlityof this force is learn¬ 
ed from the change which it produces. This is found 
to be equal to the change produced by A on B. And 

thus the readion of B is dijcovered to be equal to the 
adion of A. 

It is highly probable, that this univerfality and equa¬ 
lity of readion to adion is the confequence of fome 

general principle, which we may in time difeover; 
meanwhile we. are intitlcd to fuppofe it univerfal, and 

to reafon from this topic in our difquifitions about the 
adions of bodies on each other. 

Although the celebrated philofophers of Europe Manpertu* 

have at laft agreed in the reception of the two propofi-is,Leibnitz, 

tions fo largely difeuffed j^y us as the laws of motion, and °ther 

they have differed exceedingly in their opinion about ^he^s^^aVe 
their origin and validity : Some afferted that they are erifcruined 
entirely matters of experience ; while others affirmed very in*de- 

them to be neceffary truths. The royal academy offlyate °pb 

Berlin made this queftion the fnbjed of their prize ^^“cernin^thc 
fertation in the year 1744. Mr Maupertuis, prefident fomSionC 
of the academy, publifhed a differtation ; in which hcof the laws 

endeavoured to prove that they are neceffary truths, only °I motion, 

becaufe they are fuch as make the quantity of action the leajl 
pojfible an economy which is worthy of infinite wifdom ; 
and therefore certainly direds the choice of the Au¬ 

thor of Nature. On this account alone are they necef¬ 
fary truths. 

But this is not the way to confider a queftion of this 
kind. We know too little about infinite wifdom to be 

able to fay with Meftrs Leibnitz and Maupertuis, that 
the Deity Ihould or fhould not imprefs on bodies laws 
different from thofe which are effcntial to matter ; and 
we are not to inquire whether God could or could r.ot 

do this. We know from our own experience, that 
matter, when fubjeded to the adion of intelligence, 
may be moved in a way extremely different from what 
it would follow if left to itfelf, and that its motions 

may either be regulated by fixed, but contingent, laws, 
or may he without any conftancy whatever, and vary 

in every inftance. When we fuppofe the exiftence of 
matter and motion, a variety of truths are involved in 
the fuppofition, in the fame manner as all the theorems 

in the third book of Euclid’s Elements are involved in 
the conception of a circle and a ftraight line. Our firfl 
employment fhould be to evolve thofe truths. We can 

do this in no way but by firfl noticing the relations of 

the ideas that we have of the different objeds of con¬ 
templation, and then following the laws of human 

thought in our judgments concerning thofe relations. 
This procefs of the mind is exprefted in the train of a 

geometrical demonftration. The different parts or argu- 

3 U 2 mentation* 
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Sf'con U aw mentations of this train are not the caiues Oi our con- 
o( Motion. cluf10nS) but the means by which we torm our judge- 

4"v“" ment ; not the reafons of the truth of our ultimate 
conclufion, but the flops by which we arrive at the 
knowledge of it. The young geometer generally thinks 

other wife : But that this is the matter of faft is plain 

from this, that more than one demonftration, and of¬ 

ten very different, can be given of the fame theorem. 
We mull proceed in the fame manner in the prefent 

quedion ; and the firft general truths which we find in¬ 
volved in the notions of "matter, motion, and force, muff 

be received as neeeffary truths. The fleps by which we 
arrive at the difeovery are the laws of human thought ; 
and the expreffion of the difeovery, involving both the 

truth itfelf and the manner ot conceiving it, is a need- 

fary law of motion. There may be other fads, perhaps 
as general as any of thofe neeeffary laws, but which do 
not neceffarily refult from the relations of our notions 

of motion and of force. Thefe are difeovered by ob- 
fervation only ; and they ferve to clmafterife the forces 
which nature prefents to our view. I lieic facls are 

contingent laws of motion. 
We apprehend .that this method has been followed 

in treating this article. The firft propofition, termed 

a law of motion, is only a more convenient way of ex¬ 
prefling our contemplation of motion in body as an ef¬ 

feft of the general caufe which we term force. The fe- 
cond propofition does nothing but exprefs more dif- 

tinftly the relation between this caufe and its effeft ; 

it expreffes what we mean by the magnitude and the 
kind of the caufe. The propofition, Hating the com- 

pofition of forces, is but another form of the fame law, 
better fnited to the ordinary procedure in geometrical 

difquifitions. 

These propofitions might have completed the doc¬ 

trines of dynamics ; but it appears that, in order to 
the produftion of a material univerfe which fhould ac- 
complilh the purpofes of the Creator, it was neeeffary 

that there be certain charafteriftic differences between 
the forces inherent in the various colleftions of matter 
which corr.pofe this univerfe. The fafts or phyfical 
laws (for the above-mentioned laws are metaphyfical) 

of motion may be different from thofe which would 
have been obferved had matter been left entirely to it¬ 
felf. This difference may have introduced other laws 
of motion as neceffarily refulting from the nature of 

the forces. We have occaiionally mentioned fome in- 

ftances where this appears to obtain, but gave good rea- 
fons for affirming, that a due examination of all circum- 
llances which may be obferved in the produftion or va¬ 
riation of motion by thofe forces, has demonftrated that 

there are no fuch deviations from the two laws of mo¬ 
tion already determined, but that all the mechanical 
powers of bodies, when confidered merely as caiifes of 

motion, aft agreeably to the fame laws. Careful exa¬ 

mination was, however, faid to be neeeffary. 
This examination muff confifl in diftinftly noticing 

the circumtlaiices that occur in the produftion of mo¬ 
tion by any force whatever. It is by no means enough 
to ftate fimply the intenfity of the force and the direc¬ 
tion of its exertion. If a force continue to aft, it con¬ 
tinues to vary the motion already produced. Should 
the force change its intenfity or direftion while it is 

afting, thefe circumflances muff induce flill farther 

changes in the motion ; and it is not till ail action has OF Actcle* 

ceafed that the motion is brought to its oftenfible Hate, !'ited arid 

in which it is the objeft of our attention and our tu- Motion* 
t-ire difeuffions. Inftances of the effefts of fuch con- 
tinued and fuch varied aftions are to be feen in moil 
of the phenomena of nature or art. The communica¬ 

tion of motion by impulfe is perhaps the only inilance 
(very frequent indeed) that.can be produced where this 
is not neeeffary : Nay, we fhall perhaps find reafon to 

conclude, that this iaftanceis not an exception, and that 
even the communication of motion from one billiard 

ball to another is brought about by an aftion conti¬ 
nued for fome time, and greatly- varied during that 
time. Much preparation is therefore neeeffary before 

we can apply the general laws of motion to the folution 
of moil of the qutllions which come before us in the 

courfe even pf our elementary difquifitions. We muff 
lay down fome general propofitions which determine 

the refults of the continued, and perhaps varied, aftions 
of moving forces ; and we muff mark the different ef¬ 
fefts of the fimple continuation of aftion, and alfo thofe 
of the variations in this continued aftion, both in re- 

fpeft of intenfity and direftion. The effeft of a mere 
continuance of aftion muff be an acceleration of the 
motion ; or a retardation of it, if the force continue to 
aft in the oppofitc direftion. The effeft of the conti¬ 
nued aftion of a tranfverfe force muff be a continual 
defleftion, that is, a curvelineal motion. Thefe muff 
therefore now occupy our attention in their order. 

Of Accelerated and Retarded Motions. 

All men can perceive, that a ftone dropped from ^ 

the hand, or Aiding down an uniform Hope, has itSftantiaiex^ 

motion continually accelerated, and that the motion of pofition of 

an arrow riling perpendicularly through the air is con-^^(Tthe* 
tinually retarded; and they feel no difficulty in concei-^V^6 
ving thefe changes of motion as the effefts of the con- 0p a body 
tinual operation of their weight dr heavinefs. The falling in refped 
ftone is in a different condition in refpeft of motion int0 motion. I 

the beginning and the end of its fall. In what refpeft do 
thefe ftates of the body differ? Only in refpeft to what 
we call its velocity. This is an affeftion of motion ; it 
is an expreffion of the relation between the two notions 

or ideas which concur to form the idea of motion ; 
namely, the fpace and the time. Thefe are all the cir- 

cumftances that we obferve in a motion. Time elapfes, 

and during its currency a fpace is deferibed. The 
term velocity expreffes the magnitude of the fpace which 
correfponds to fome unit of time. Thus, the rate of a 

fhip’s motion is determined, when we fay that it is nine 

miles in an hour, or nine miles per hour. We fome- 
times fay (but aukwardly) “The motion is at the rate, 
or with the velocity, of a mile in three days.” It is moft 
conveniently expreffed by a number of fome given units 
of length, which completely make up the line deferibed 

during this unit of time. But the mechanicians ex¬ 

prefs it in a way more general by a fraftion, of which 
the numerator is a number of inches, feet, yards, fa¬ 

thoms, or miles, and the denominator is the number ot 

feconds, minutes, or hours, employed in moving along 
this line. This is a very proper expreffion ; for when 
we fpeak of any velocity, and continue to reafon from 

it, we conceive ourfelves to fpeak of fomething that re¬ 

mains the fame, in the different occafions of ufing the 
term. Now if the velocity be canftant, it is indifferent 

how 



Of Accele- bow long the line may be; becaufe the time of its de¬ 
rated and fcription will be lengthened in the lame proportion. 

Thus if 48 feet be defcribed in 12 feconds, 36 feet 
will be defcribed in 9 feconds, 16 feet will be defcribed 

in 4 feconds, &c. Now and */, arc fractions 
of equal value, being equal to £, or 4, that is, to the 

velocity of 4 feet per fecond. The value of this frac¬ 
tion, or the quotient of the number of the units of 
length, divided by the number of units of time, is the 

♦ number of thofe units of length defcribed uniformly in 
one unit of time. 

Magnitude But how (hall we determine the velocity of any inftant 
of a velo- or in any point of a motion that is continually changing? 

winch we ^uppofe t^at a body has fallen 144 feet, and that we 
have no ac-wou ^ afcertain its velocity in that point of its fall, or 
tual mea- the velocity which it has in paffing through that point ? 
Jure. In the next fecond the body falls M2 feet farther. 

This cannot be the meafure of the velocity at the be¬ 
ginning of the fourth or the end of the third fecond. It 
is too great. The fall during the preceding fecond 
was 80 feet. This is too fnvall. The mean of thefe 
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two, or---, == , = 96, is probably more ex- 

ad. Due attention to the nature of this motion {hews 

us, that 96 is the proper meafure, or that the motion 
at that inftant is at the rate of 96 feet per fecond. But 

. it is peculiar to this kind of motion that the half fum 
of the fpaces defcribed in two fucceeding equal mo¬ 
ments is the meafure of the velocity in the middle in¬ 
ftant. Therefore this method will not generally give 
an accurate meafure. Yet it is indifpcnfably neceffary 
to obtain fame accurate meafure ; for it is in this par¬ 

ticular alone that the flate of the body differs from its 
funilar flate in another inftant. The difference of place 
makes no diftin&iori; for if a body continue its motion 
unchanged, its condition in every different inftant of 
time, or point of fpace, is unchanged or the fame. The 
change of place is not a change of motion, but is in¬ 
volved in the very conception of the continuation of the 

motion. The change of condition confifts, therefore, 
in the change of velocity . Therefore the change of ve¬ 
locity is the only indication, and the only meafure of 

the a&ion (perhaps accumulated) of the changing force. 
h is therefore the chief object of our fearch ; and accu¬ 
rate meafures of velocity are abfolutely neceffary. 

When the velocity changes continually, there can be 
no aflual meafure of it. In what then does the mag¬ 
nitude of a velocity confift, when there is no adual mea- 

lure of it? It is a certain undefcribable determina¬ 

tion ; by which, if not changed, a certain lpace 'would 
be uniformly defcribed in a given unit of time. Thus 
we know, that if, when a ftone has fallen 16 feet, its 

motion be direded along a horizontal plane, without 
diminution, it will move on for ever at the rate of 

Momenta- 3 2 ^eet Fcr fec°nd’ The fpace which would be thus 
ry propor- defcribed is not the velocity, but the meafure of the ve- 
tion of vc- locity. But the proportions of thofe fpaces, being the 

arecort/ atProPort*uns thofe meafures, are the proportions of 
nuaUy ‘ the velocities themfeives. We may difeover thefe pro- 
changinor. portions in,the following manner : 
lundarnen. Let ACG (fig. 13.) be a line defcribed by a body 

in anrtGwith a mot^on anyhow continually, but gradually, va- 
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Axiom.—If A be to B in a ratio that is greater than Of Accele- 

any ratio lefs than that of C to D, but lefs than any ratio rated and 

greater than that of C to D, then A is to B as C to D.. Melons. 
Take the ftraight line a eg to reprefent the time ofv 

the body’s motion along ACG, fo that the points a, c9 
fig, may reprefent the*inftants of time in wffiich the 
body paffes through the points A, C, F, G ; and the 
portions a c9 c f, f g9 of the line a g, may reprefent the 
times employed in deferibing the portions AC, CF, 
FG ; and therefore a c is to a f as the time of deferi¬ 
bing AC to the time cf deferibing AF. 

Moreover, let h k n 0 be a line fo related to the 
ftraight line a cfg, by the perpendicular ordinates a h9 
c k,fn9 g 0, and the areas a c k h, a f n h, a g 0 h9 may 
be proportional to the portions AC, AF, AG, of the 
line delcribed by the moving body ; and let this rela¬ 
tion be true w ith refpedt to every point B, D, E, &o. 

and the correfpouding points b, d9 e9 &c. 
Then it is affirmed, that the velocity in the point C is? 

to the velocity in the point F as c k is to f n. 

Let the equal lines b c9 c d, e f f g9 reprefent equal 

moments of time, and let B, D, E, G, be the points 
through which the body is paffing at the iuftants b, d9 
eg. Then the areas b i k c9 c k l d9 e m nf9f n 0 g, w ill 
reprefent, and be proportional to, the fpaces BC, CD* 

EF, FG, which are defcribed during the moments b c9 
c d, e f> f £■ 

Draw t p parallel to a g, fo as to make the re6tangle 
btpc equal to the trapezium bike; and draw the lines 
q v, u r, s x, in the fame manner, fo that each rectangle 
may be equal to its correfponding trapezium. 

If the motions had been uniform during the mo¬ 

ments b c and f g, that is, if the fpaces BC and FG had 
been uniformly defcribed, then the velocity in the point 
C would have been to the velocity in the point F as cp 
to f s : For fince the redlangles btpc arid f s xg are re- 
fpe&ively equal to the trapeziums bike and f n og; and 

lince b i k c is to f n 0 g as BC is to FG, the rectangle 
btpc is to the rectangle f s x g as BC to FG. But 
becaufe thefe twro rectangles have equal altitudes b c 
and fg, they are to each other in the proportion of 
their bafes cp and g x9 or cp and f s. Therefore BC is 

to FG as c p to/ s.' But if BC and FG are uniformly 
defcribed in equal times, they are proportional to the 
velocities of thofe uniform motions. Therefore cp is 
to f s as the velocity wfith which BC is uniformly de- 

cribed to the velocity with which FG is uniformly de¬ 
fcribed in an equal time. 

But the motion expreffed by the figure is not uni¬ 
form, becaufe the line h l 0 recedes from the axis a gf 

and the areas, cut off by the parallel ordinates, in create 
in a greater proportion than the correfponding parts of 
the axis; that is, the fpaces increafe faitar than the 
times : for the moments b c, c d, ef9 fg, being allequal, 

it is evident that the correfponding flips of the area con¬ 
tinually augment. The motion is fvvifter at the inftant 
c than at the inftant b, and the velocity at the inftant c 
is greater than that with wdiich the fpace BC would be 
uniformly defcribed in the fame time. For the fame 

reafon, the velocity at the inftant f is lefs than that with 
which the fpace FG would be uniformly defcribed hi 

the fame time. Therefore the velocity at the inftant c 
chanical rjcd 5 an(i *et 11 required to determine the propor- is to the velocity at the inftant/in a greater ratio than 
d fqulf.- tion of the velocity in any point C to the velocity in that of c p to f s. In the very fame manner, it will 

any other point F. appear by comparing the motion during the moment 

cd 

tions. 
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c d with the motion during the moment ej\ that the ve¬ 

locity at the inftant r is to the velocity at the inftant/ 

in a lefs ratio than that of r q to/r. 
Therefore the velocity in the point C is to the velo¬ 

city in the point F in a greater ratio than that of c p to 

fs\ but in a lefs ratio than that of r q to f 
But by continually diminiihing the equal moments 

l c9 c d, ef; fgy it is evident that c p and cq continually 
approach to equality with c k> nnd /r and J s9 continual¬ 
ly approach to equality with f «, that when c p is lefs 

than c kyf s is greater than///, and when c q is greater 

than c /?, f r is lefs tliany n. 
Therefore the velocity in the point C is to the velo¬ 

city in the point F in a ratio that is greater than the 
ratio of any line lefs than to any line greater than 
/«, but which is lefs than the ratio of any line greater 

than c k to any line lefs than / n. Therefore the ratio 
of the velocity in C to the velocity in F is greater than 

any ratio that is lefs than that of c k to /n>* but it is lefs 
than any ratio that is greater than that of c h to fn. 
Therefore the velocity in the point C is to the velocity 

in the point F as c k toy'n. 
This important theorem may be exprefled in more 

general terms as follows : 
'If the abfeiffa a g of a Vine liko reprefent the time of 

any motion, and if the areas bounded by parallel ordinates 

be proportional to the fpaces deferibedy the ord. nates are 

proportional to the velocities. 
Remark. The propriety or aptitude of exprefling 

the time by the portions of the axis a eg, will, perhaps, 

appear muru clearly in the following manner. 
Let a c g be any ftraight line, and let h k v be ano¬ 

ther line, ftraight or curved. Let the ftraight line a h *, 
perpendicular to a g, be carried uniformly down along 

this line, keeping always perpendicular to it:, and there¬ 

fore always parallel to its firft polition a h *. In its 

various fituatioiis c k zy e m z, Scc. it will cut off areas 
etc h hy a e m h9 See. bounded by the axis by the ordi¬ 

nates a h and c hy or by the ordinates a h and c «/, See. 
and by the line h k g. By this motion the moveable or¬ 
dinate is faid, in the language of modern geometry, to 

generate the areas a c k h, a em h9 See. At the fame 
time, let a point A move along the line ACG, fetting 
out from A at the inftant when the line a z. fets out 

from a ; and let the motion of the point A be fo re¬ 

gulated, that the fpaces AB, AC, AD, &c. generated 

by this motion, may increafe at the fame rate with the 
areas, a b9 2 h9 a c h h9 a d I h, Sec. or fuch that we (hall 
have AB to AC as a b i hy to a c h h, See. It is plain, 
that the motion along AG is the fame with that defcri- 
bed in the enunciation of the proportion : for becaufe 

the motion of the ordinate a zy along the axis a gy is 

fuppofed to be uniform, the fpaces a b, a cy a dy See. are 
proportional to the times in which they are deferibed, 
and may therefore be taken to meaiure or to reprefent 

thofe times. * 

Cor. 1. I11 a motion continually variedy the velocities 

in the different points of the path are to each other in 
the limiting or ultimate ratio of the fpaces deferibed in 
equal times, thofe times being fuppofed to diminifli con¬ 

tinually : for it is evident, that if the equal moments 
b Cy c dy e fy f gy are fuppofed to diminifli continually, 

till the inftants b and d coalefce with c, and the inflants 

§ and g coalefce with/; then the ratio of c k to/ n is 

the limit of the continually increafing ratio of cp to//, Of Accele* 

or of the continually di mini filing ratio of cq to/r. Sir 

Ifaac Newton calls this the ultimate ratio of c p to/s9 Motions, 

or of c q to/r. Now the ratio of c p to/ s is, by con- 
ftrudion, the fame with the ratio of the redangle bt pc 

to the redangle/s xgy and the ratio of c q to/r is the 
fame with the ratio oi the redangle c q v d to the rec¬ 
tangle e u r /. But the ratio of the redangle b t p c to 

the redlangle f s xg is the fame with the ratio of the 

fpace bike to the fpace / nog ; that is (by hypothecs), 
the fame with the ratio of the fpace BC to the fpace 
FG ; and the ratio of the redangles c q v d and eu r f 
is the fame with that of the fpaces CD and EF. 'There¬ 
fore the ratio of the velocity at C to the velocity at F 
is the fame with the ultimate ratio of the fmall incre¬ 

ments BC, FG, or CD, EF of the fpaces generated in 

very -fmall and equal times. 
It is alfo evident, that becaufe the ratio of c h to /n 

is the limit both of the ratio of c p to/j and of the 
ratio of c q to/;*, tliefe ultimate ratios are the fame, 

and that we may fay that the velocity in C is to the ve¬ 
locity in F in the ultimate ratio of BC to EF, or in the 

ultimate ratio of CD to FG. 
We alfo can ealily perceive, that the ratio of the 

area bike to the area e m nf approaches more near to 

the ratio of c k to f n as we take the moments b c and 
e f fmaller. Therefore, in many cafes of pradice, where 
it may be eafy to meafure the fpaces deferibed in the 
different fmall moments of the motion, but difficult to 
afeertain their ultimate ratio, fo as to obtain accurate 
meafures of the proportions of the velocities, we may 
reduce the errors of meafurement to fomething very m- 

fio-nificant, by taking tliefe moments extremely.fmall ; 
and we (hall dimiimh the error Hill more, by taking the 
proportion of the half fum of BC and CD to the half 
fum of EF and FG for the proportion of the velocities 

in C and F. 
It often happens that we have it not in our power to 

compare the fpaces deferibed in fmall moments which 

are precifely equal. Still we can find the exact pro¬ 
portion of the velocities, if we can afeertain the ultimate 

ratio of the increments of the fpaces, and the ultimate 
ratio of the moments of time in which thefe increments 

are deferibed : for it is plain, by confidering the gradual 
approach of the points p and r to the points k and n9 
that the ratio of c h to/n is Hill the ultimate ratio of 
the bafes of redangles equal to the mixtilineal areas, 
whether the altitudes (reprefenting the moments) are 

equal or not. Now the bafes of two redangles aie in 
the proportion of the redangles diredly, and of their 

altitudes inverfely. But the ultimate ratio'of the alti¬ 
tudes is the ultimate ratio of the moments, and the ul¬ 
timate ratio of the redangles is the ultimate ratio of the 

fpaces deferibed in thofe unequal moments. Therefore, 

in fuch cafes, we have, 
Cor. 2. The velocities are in the ratio compounded of 74, 

the dir eft ultimate ratio of the momentary increments of the 
fpacesy and the inverfe ultimate ratio of the increments (or 
moments) of the times in which thefe increments of the fpa¬ 

ces are made. • 
If Sy v, and /, are taken to reprefent the magnitudes 

of the fpaces, velocities, and times, and if j, vf and t, 
are taken always in the limiting or ultimate ratio of 
their momentary increments, we ffiall have v always in 

the 
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Of Acccle-the *pr0portion of j dlre&ly, and of / inverfely. We 
rated and r 

exPre^s *his hY proportional equation v ==-i, which 

L~1""_v c; * 

is equivalent to the analogy V : v = _ : or V : «y 

. . . . ' T t 
== S / : s T. 

75. Ar. i?. Here obferve, that this is not the only way of 
Hating the relation of fpace and time—the abfeiffe may 

be made the time, and the ordinate the fpace; then the 

velocity ~JL. 

x 

The converfe of this propofition may be thus ex- 

76 preffed. 
Converfe If the axis a g of the line h k o reprefent the time of a 
theorem, varied motion along the line AG, and if the ordinates a h, 

b i, c k, &c. he as the velocities in the infants a, b, c, or 
in the points A, B, C ; then the areas a b i h, a ckh, 

a A 1 h, &c, are proportional to the fpaces AB, AC, AD, 

&c. 
This may be demonflrated in the fame way with the 

former ; but the indirect demonilration is more brief, 

and equally ftridt. 
If the fpaces AC, AF, &c. are not proportional to 

the areas a ckh, afnh, & c. they are proportional to 
fome other areas a ckh', afn //, Scc. which are bound¬ 

ed by the fame ordinates, and by another line 1/k ri, 
But becaufe the areas a ckh', afnlh', See, are always 
proportional to the fpaces AC, AF, See, deferibed on 
the line AG, the velocity in the point C is to the velo¬ 
city in the point F as the ordinate c k is to the ordinate 
fri. But, by hy pot hells, the velocity in C is to the 

velocity in F as c k tofn, and fn* is equal to f n ; which 
is abfurd. Therefore the fpaces AC, AF, are not pro¬ 
portional to any other areas, See, 

7h Cor. The ultimate ratio of the momentary increments of 

the fpaces is compounded of the ratio of the velocities, and 
the ultimate ratio of the increments of the times : for when 

the moments he, ef, are equal, it is evident that the 
ultimate ratio of the rectangles hep t, ef r u is the fame 

with the ultimate ratio of the increments of the fpaces. 
But the ultimate ratio of thefe rectangles is the lame 
with their bafes cp and fr; that is, the ratio of c k 

to f n, that is, the ratio of the velocities. And when 
the moments are unequal, the ratio of the reClangles is 
compounded of the ratio of their bafes and the ratio 
of their altitudes ; that is, compounded of the ratio of 
the velocities and the ultimate ratio of the moments of 

time. 

We have, therefore, S ; s zz VT : vi, and s == v /. 
It molt commonly happens, that we can only obferve 

the accumulated refults of varied motions; and in them, 
we only obferve a fpace faffed over, and a certain por¬ 
tion of time that has elapfed during the motion. But 

being able to diflinguifh the portions of the whole fpace 
which are deferibed in known portions of the whole 
time, and having made fuch obfervations in feveral parts 
of the motion, we difeover the general law that the mo¬ 

tion affeCls, and we affirm this law to hold univerfally, 
even though we have not obfetved it in every point. 
We do this with a degree of probability and confidence 

proportioned to the frequency of our obfervation. It 

is not till we have done this that we can make ufe. of 

rated and 
Retarded 
Motions. 
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the firft of thefe two propofitions, which enables us to Of Accele- 

afeertain the velocity of the motion in its different mo¬ 
ments. Thus if we obferve, that a Hone in falling de- 

feends one foot in the quarter of a fecond, 16 feet in a 

fecond, 64 feet in two feconas, and 144 feet in three 
feconds ; the general law immediately obferved is, ic that 

the fpaces deferibed are as the fquares of the times 
for 1 is to 16 as the fquare of ^th to the fquare of 1. 

Again, 16 is to 64 as i2 to 22 ; and 16 is to 144 as 1* 
to 32. Hence we infer, with great probability, that 
the flone would fall 36 feet in a fecond and a half; for 

16 is to 36 as i* to 112 ; and we conclude in the fame 
way for all other parts of the motion. 

This immediate obfervation of the analogy between A good ex- 

the fpaces and the fquares of the times fuggefts an eafy 
determination of the velocity in this particular kind 

motion; rnd it merits particular notice, being very oftenthod. 
referred to. We can take a g to reprefent the time ; 

and then, becaufe the areas which are to reprefent the 
fpaces deferibed mufl be proportioned to the fquares of 
the portions of ag, we perceive that the line which 

comes in place of hko mufl be a flraight line drawn 

from a. For example, the flraight line a s y. For this 

is the only boundary which will give areas a hP, a c x> 
a cU, See, proportional to a h% a c2, a d2. Scc. And we 
perceive that any flraight line drawn from a will have 
this property. 

Having thus got our reprefentations of the times and 
the fpaces, we fay, on the authority of our theorem, 

that the velocity at the inflant b is to the velocity at 
the inflant d as h to d$, See. And now we begin to 

make inferences, purely geometrical, and exprefs our 
difeovery of the velocities in a very general and fimple 

manner. We remark, that h $ is to d $ as a h is to a d; 

and we make the feme affirmation concerning the mag¬ 
nitudes reprefented by thefe lines. We fey that the 
velocity at the inflant h is to the velocity at the inflant 
d as the time ah is to the time a d. We fay, in terms 
flill more general, that the velocities are proportional to 
the times from the beginning of the motion. We'more¬ 

over perceive, that the fpaces are alfo proportional to 
the fquares of the acquired velocities ; or the velocities 
are as the fquare roots of the fpaces. 

We can farther infer, from the properties of the tri¬ 

angle, that the momentary increments of the fpaces arc 
proportional to the momentary increments of the fquares 
of the times, or of the fquares of the velocities. 

We alfo obferve, that not only the whole acquired 
velocities are proportional to the whole elapfed times, 
but that the increments of the velocities are propor¬ 
tional to the times in which they are acquired ; for * *. 

is to p fas h c to df. Sc c. Equal increments of velocity 
are therefore acquired in equal times. Therefore fuch 
a motion may, in great propriety of language, be deno-^ 

minated a uniformly accelerated motion ; that 
is, a motion in which nve obferve the fpaces proportioned to 
the fquares of the times, is a motion uniformly accelerated ; 
and fpaces in the duplicate ratio of the times form the of. 

tenfible chara&eriflic of an uniformly accelerated motion. 
Laflly, if we draw t * parallel to the axis ah, we per- 7^ 

ceive that the redlangle a e * x is double of the triangle 

a e Now becau-fc a e repref^nts the time of the mo¬ 
tion, and ej reprefents the acquired velocity, the rec¬ 

tangle a e 1 a will reprefent the fpace which would be 

uniformly deferibed with the velocity e« during the time 

ae» 

\ 
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fle. But the triangle a e * represents the fpace really 
deferibed with the uniformly accelerated motion during 
the fame time. Hence we infer, that the fpace that is 
deferibed in any time, with a motion increafmg uniform¬ 

ly from nothing, is one-half of the fpace which would 
be uniformly deferibed during the fame time with the 

final velocity. 
Thefe are but a part of the inferences which we may 

draw from the geometrical properties of thofe reprelen- 

tations which we had feledttd of the different meafure- 

j-tble affections of motion. We may.affirm, with refpeCfc 
to the motions themfelves, all the inferences which re¬ 
late to magnitude and proportion, and thus improve our 

knowledge of the motions. 
We took the opportunity of this very fimple and 

perfpicuous axample, to give our young readers a juft 
conception of the mathematical method of proiccuting 

mechanical knowledge, and tq make them fenfible ol 
the i!nqueftionable authority for every theorem deduced 

in this manner. 
One of the moft important is, to difeover the accu¬ 

mulated refult of a motion of which we only obierve the 
momentary increments. This is to be done by finding 

the area, or portions of the area, of the mixtiiineal fpace 
a g oh ; and it is evidently analogous to the inverfe me¬ 

thod of fluxions, or the integral calculus. 
In moft cafes, we mnft avail ourfelves of the corolla¬ 

ry v /, and we obtain the folution of our queftion 

only in the cafes where our knowledge of the quanti¬ 

ties], and v (considered as geometrical magnitudes, 

that is, as lines and furfaces), enables us to difeover 

S and /. ; r : 
i 

Of Accelerating and Retarding Forces. 

Having thus difeovered the proportions of the ve¬ 

locities in motions varying in any manner whatever, we 

oan obferve the variations which happen in them. Thefe 

variations are the effe&s, and the only marks and mea¬ 
fures, of the changing forces. They are the charadte- 
riftics of their kinds (confidered merely as moving for¬ 
ces) ; that is, the indications of the directions in which 
they a&; for this is the only difference in hind of which 
they are fufceptible in this general point of view. If 
they increafe the velocity, their direction muft be con¬ 

ceived as the fame with that of the previous motion ; 
becaufe the refult of the a&ion of a force is equivalent 
to the compofition of the motion which that force 

would produce in a quiefeent body with the motion al 
readv exiftirig : and an increafe of velocity is equivalent 
to the compofition of a motion in the fame direction. 

Havi g no other mark of the force but the accelera¬ 
tion, we have no other name for it in the abftracl doc¬ 

trines of dynamics, and we call it an accelerating 

Torce. Had it retarded the motion, we fhould have 

called it a retarding force. 

In like manner, we have no meafure of the magnitude 

or intenfity of an accelerating force, but the acceleration 
which it produces. In order therefore to inveftigate the 
powers which produce all the changes of motion, we 
muft endeavour to obtain meafures of the acceleration. 

A continua’ increafe of velocity is the effect of the 
continued aCtion of accelerating forces. If equal in¬ 
crements of velocity are produced in every fucceeding 

'equal moment of time, we caunot conceive that thefe is 

any change in the accederating force. Therefore a uni- Of \cce!e- 
formly accelerated motion is the mark of the unvaried rat*nK an<* 
aCtion of an accelerating force, that is, of the continued 
action of a conftant force ; of a force whofe inteniity is _^ 
always the fame. When therefore we obferve a body 
deferibe fpaces proportional to the fquares of the times, 
we muft infer that it is urged forward by a force whofe 
intenfity does not change ; and, on the other hand, a 

conftant force muft produce a uniformly accelerated mo¬ 
tion by its continued adlion. And if any previous cir- 
cumftances allure us of this continued aCtion of an in- 
varied force, we may make all the inferences which were 

mentioned under the article of uniformly accelerated mo¬ 
tion. 8r 

That force muft furely be accounted double which Meafure of 

produces a double increment of velocity in -the 
time by its uniform action, we can form no other efti-tm^ 
mation of its magnitude. ’And, in general, accelerating 

forces mujl be accounted proportional to the increments of ve- 
locity which they produce, by atiing uniformly during the 

fame or equal times. 
Suppofing them to adl on a body at reft. Then the 

velocity produced is itfelf the increment ; and we muft 
fay, that accelerating forces are proportional to the ve¬ 
locities which they generate in a body in equal times. 

And becaufe we found (n 79.), that the fpace dtjfcri- 
hed with a uniformly accelerated motion is half the 
fpace which would be uniformly deferibed in the fame 
time with the final velocity, which fpace is the diredl 
meafure of this velocity, and becaufe halves have the 

fame proportion with the wholes — we may fay that 
accelerating forces are proportional to the fpaces through Another 

which they .impel a body from refi in equal times by theirnX ure' 

uniform aflian. 
This is an important remark ; becaufe it gives us an 

eafy meafure of the force, without the trouble of fivft 

computing the velocities. It alfo gives us the only dif- 

tin& notion that we have gf the meafurement of forces 
by the motions which they produce. When {peaking 
of the compofition of forces, we diftinguifhed or deno¬ 
minated them by the fides and diagonal of a parallelo¬ 
gram Thefe lines muft be conceived as proportional to 
the fpaces through which the forces urge the body uni- 

formly during the fmall and infenfible time of their ac¬ 

tion, which time is fuppofed to be the fame for both 
forces ; for the fides of the parallelogram are fuppofed 

to be feparately deferibed in equal times, and therefore 
to be proportional to the velocities generated by the 
conftituent forces. If indeed the forces do not a£t uni¬ 

formly, nor fimilarly, nor during equal times, we can¬ 

not fay (without farther inveftigation) what is the pro¬ 
portion of the intenfity of the forces, nor can we infer 

the compofition of their a&ion. We muft at leaft fup- 
pofe, that in every inftant of this very imall time of their 
joint a&ion, their direction remains unchanged, and that 

their intenfities are in the fame ratio. We fhall fee 

by and bye, that with thefe conditions the fides ot the 
parallelogram are ftili proportional to the velocities ge¬ 

nerated. I11 the mean time, we may take the fpace9 
through which a body is unnormly impelled from reft 
(that is, with a uniformly accelerated motion) as the 

meafures of the forces ; yet thefe fpaces are but the 
halves of the meafures of the velocities. Then, if a bo¬ 
dy be moving with the velocity of $1 feet per fecond, 

and an accelerating force a&s on it during a fecond, 
and 



Of Accele- and if this force be fuch that it would impel the body 

Rattargdi(nd (fr0n? a ftate of;reft) 16 feet» wil1 add ^ the body a 
Forces.^ velocity of 32 feet per fecond. Accordingly, this is 
k—\of gravity—the weight of a pound of lead may 

be confidered as a force which does not vary in its in- 
ten fit y. We know that it will caufe the lead to fail 16 
feet in a fecond ; but if the body has already fallen 16 
feet, we know that it is then moving with the velocity 

of 32 feet per fecond. And the fad is, that it will fall 
48 feet farther in the next fecond, and will have acqui¬ 
red the velocity of 64 feet per fecond. It has there¬ 

fore received an augmentation of 32 feet of velocity by 
the adion of gravity during the 2d fecond ; and gravi¬ 
ty is in fad. a conftant force, caufing equal increments 

of velocity in equal times, however great the velocities 
may be. It does not ad like a ftream of fluid, whofe 
impulse or adion diminifhes as the folid body withdraws 
from it by yielding. 

But fuppofing that we have not compared the incre¬ 
ments of velocity uniformly acquired during equal 
times, in what manner fhall we meafure the accelerating 
forces ? In fuch a cafe, that force muft be accounted 
double which generates the fame velocity, by a ding 
uniformly during half the time ; for when the force is 
fuppofed invariable, the changes of velocity which it 
produces are. proportional to the times of its adion ; 
therefore if it produces an equal velocity in half the 
time, it will produce a double velocity in an equal 
time,, and is therefore a double force. The fame may 
be faid of every proportion of time in which an equal 
change of velocity is produced by the uniform adion 
of an accelerating force. The force muft be accounted 

greater in the fame proportion that the time required 
for the produdion of a given velocity in a body is lefs. 

Hence we infer, that accelerating forces are inverfely pro¬ 
portional to the times in which a given change of velocity 
is produced by their uniform adion. 

By combining thefe two propofitions we eftablifh this 
general theorem : 

Meafure of Accelerating forces are proportional to the changes of ve¬ 

locity which they produce in a body by their uniform 
adion directly, and to the times in which thefe changes 
are produced inverfely. 

If, therefore, A and a are the forces, V' and v' the 
changes of velocity , and T' and V the portions of time 
in which they are uniformly produced, we have 

Ai« = VY:</T', = 
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It muft always be kept in mind, that v and t are ab- Of Accele- 

ftrad numbers ; and that v refers to fome unit of fpace, ™t,ng ?nd 

fuch ag a foot, an inch, a yard ; and that t refers to forced 
fome unit of time, fuch as an hour, a minute, a fecond ;-v— - t 
and efpecially that a is the number of the fame units 83 

of fpace, which will be uniformly defcribed in cne unit^a”a^" 

of the time with the velocity generated, by the force^^ num‘ 
adiug uniformly during that unit. It is twice the 
fpace adually defcribed by the body during that unit 
when impelled from reft by the accelerating force. It 
is necefTary to keep hold of thefe clear ideas of the 
quantities expreffed by the fymbols. 

On the other hand, when the meafure of the accelera- Meafure of 
ting force is previoufly known, we employ the theorem3 c^a.nSc °f 
at'-z v \ that is, the addition made to the velocity ve*oc^y* 
during the whole, or any part, of the time of the adtion 

of the force is obtained by multiplying the acceleration 
of one unit of time by the number of fuch units con¬ 
tained in 

Thefe are evidently leading theorems in dynamics ;Thefe mea- 

becaufe all the mechanical powers of nature come un-^uretcx~ 
der the predicament of accelerating or retarding forces. 

It is the colleflion of thefe in any fubjed, and the man-part of our 
ner in which they accompany, or are inherent in it, knowledge 

which determine the mechanical charader of that fub-c! n-echa- 
jedl ; and therefore the phenomena by which they are"^lna" 
brought into view are the the charaderiftic phenomena. ^ 
Nay, it may even be queilioned, whether the phenome¬ 
na bring any thing more into view. This force, of which 

we fpeak fo familiarly, is no objed of diftind contem¬ 
plation ; it is merely a foinething that is proportional 

to 

accelera- 
ting force, 

And a 

The formula a == 

vf 
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™ And when we obferve, that the found in 
t T 

the motions that refult from the vicinity of a body A, 

is double of the 2L, which refults from the vicinity of 
t 

another body B ; we fay that a force refides in A, and 
that it is double of the force redding in B. The ac¬ 
celerations are the things immediately and truly ex- 

prefled. by thefe fymbols. And the whole fcience of 
dynamics may be completely taught without once em¬ 
ploying the word force, or the conception which we 

imagine that we form of it. It is of no ufe till we come 
to ftudy the mechanical hiftory of bodies. Then, in¬ 
deed, we muft have fome way of expreffing the fad, that 

. 32: feet . 
an acceleration = — is obferved in every thing on 

the furface of this globe ; and that an acceleration =r 
418 feet. 

y not reftrided to any parti¬ 

cular magnitude of v' and It is true, therefore, 
when the portion of time is diminiihed without end ; 
for fince the adion is fuppofed uniform, the increment 
of velocity is leflened in the fame proportion, and the 

*1/ 
value of the fradion y remains the fame. The cha¬ 

racters or fymbols vf and tf are commonly ufed to ex- 

prefs finite portions of v and /. The fymbols v and / 

are ufed by Newton to exprefs the fame things taken in 
the ultimate or limiting ratio. They are ufually confi¬ 

dered as indefnitely fmall portions of v and /. We ffiall 

i'' is obferved over all the furface of the fan. Thefe 

abide by the formula a === • 

Suppl. Vox,. I. Part II, 

fads are charaderiftic of this earth and of the fun ; and 
we exprefs them ffiortly by faying, that fuch and fuch 
forces refide in the earth and in the fun. It will pre- 

ferve us from many miftakes and puzzling doubts, if 
we refolutely adhere to this meaning of the term force; 

and this will carry mathematical evidence through the 
whole of our inveftigations. 

As velocity is not an immediate objed of contem-Another 

plation, and all that we obferve of motion is a fpacemedf,,TC °* 
and a time, it may be proper to give an expreffion of"cce fa* 
this meafure of accelerating force which involves nQtinSiorcc% 

other idea. Suppofing the body to have been previ¬ 

oufly at reft, we have Multiply both parts 

JX of 
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But v t =r s 5 and therefore a 

The formula a = is equivalent to the proportion 

t2: i = s : a ; and rz would then be the fpace through 
which the accelerating force would impel the body in 

one unit of the time t. But this is only half of the 
meafure of the velocity which the accelerating force ge¬ 

nerates during that unit of time. For this reafon we 
did not exprefs the accelerating force by an ordinary 
equation, but ufed the fymbol ==. In this cafe, there¬ 

fore, of uniform adlion, we may exprefs the accelera¬ 

2 s 
ting force by a = rr* 

The following theorem is of ftill more ex ten five ufe 

in all dynamical difquifitions. 
Moft gene. Accelerating forces are proportional to the momentary in- 
ral raeafure crements of the fquares of the velocities direftly, and as 
of i ~ 1 7*7 .7 _! _ cf accelera- ^ jpaces a[ong which they are uniformly acquired in- 
ting force. 

verfely. 
Let AB, A;C, and AD (fig. 14.), be three lines, 

defcribed in the fame or equal times by the uniform ac¬ 
tion of accelerating forces ; the motions along thefe 
lines will be uniformly accelerated, and the lines them- 

felves will be proportional to the forces, and may be 
employed as their meafurcs. On the greateft of them 

AD, defcribe the fcmicircle ABCD, and apply the 

other two lines A'B, A'C as chords AB, AC. Draw 
EB, FC perpendicular to AD. Take any fmall por¬ 

tions B b) C c of AB and AC, and draw b e, c f per¬ 

pendicular to AD, and E h and F k parallel to AB 

and AC. 
Then, becaufe the triangles DAB and BAE are fi- 

milar, we have AD : AE ~ AD1 : AB*. And be¬ 
caufe AD is to AB as the velocity generated at D is 

to the velocity generated at B (the times being equal), 
we have AD to AE as the fquare of the velocity at 
D to the fquare of the velocity at B ; which we may 

exprefs thus: 
AD : AE = V1, D : V», B. 

For the fame reafons we have alfo 
AD : AF = V‘, D : V1, C. Therefore 

AE : AF = V% B : V2, C. 
But becaufe in any uniformly accelerated motion, 

the fpaces 3re as the fquares ot the acquired velocities, 

we have alfo 
AE : A* = V*, B : V2£, and 

AF : A / == V% C : V2 c. 
Therefore E e- is to F/as the increment of the fquare 

of the velocity acquired in the motion along B b to the 

increment of the fquare of the velocity acquired along 

Cc. 
But, by fimilarity of the triangles ABD and E e h, 

we have 
AB : AD = E e : E h ; and, in like manner, 

AD : AC = Yk : Yf Therefore 

AB : AC = Ye X Yl : F/X Eh. 

M I C S. 
along the portions B b and C c ; and E h and F i are Of Accele. 
equal to thofe portions refpe&ively. The ratio of AB r^>ng ami 
to AC is compounded of the dire& ratio of E e to F f; 

and the inverfe ratio of E h to F t. The propoiition ,- 

is therefore demonftrated. 
The proportion may be expreffed thus : 

E e Y f 
AB : AC = and may be expreffed by 

the proportional equation AB == or, fymbolical- 

ly, 
s 

Remark. Becaufe the motion along any of thefew is but 
three lines is uniformly accelerated, the relation between one-half 

fpaces, times, and velocities, may be reprefented by ^^1:* 
means of the triangle ABC (fig. 15.) ; where AB re-of<ya 
prefents the time, BC the velocity, and ABC the fpace. 
If BC be taken equal to AB, the triangle is half of 

the fquare ABCF of the velocity BC ; and the triangle 
ADE is half of the fquare ADEG of the velocity 
DE. Let D d and B b be two moments of time, 
equal or unequal. Then D d e E and B he C are half 
the increments of the fquares of the velocities DE and 
BC, acquired during the moments D d and B b. It 
was demonllrated, that the ratio of the area D d e E to 

the area B be C is compounded of the ratio of DE 
to BC, and the ultimate ratio of D d to B b> But D d 
and B b are refpe&ively equal to e e and * c. There¬ 
fore D de E is to B b c C, in the ratio compounded of 
the ratio of DE to BC, and the ultimate ratio of« e to 
x c. If we reprefent DE and BC by V and v9 then * e 
and x c muft be reprefented by V' and v, the incre¬ 
ments of V and v ; and then the compounded ratio will 

be the ratio of VV' to v v ; and if we take the ulti¬ 
mate ratio of the moments, and confequently the ulti¬ 

mate ratio of the increments of the velocities, we have 

the ratio of VV to v v. If, therefore, Va and y1 re¬ 

prefent the fquares of the velocities, VV and v v will* 
reprefent not the increments of thoie fquares, but halE 

the increments of them. 
We may now reprefent this propofition concerning; 

accelerating forces by the proportional equation a =s 

’ ; and we mult confider this as equivalent with a = . 

V* — v'1 
2 (S — s) 

; keeping always in mind, that a, V, and 

Now AB and AC are proportional to the forces 

which accelerate the body along the lines A’B and 
A'C ; E e and F f are proportional to the increments 

of the fquares of the velocities acquired in the motions 

relate to the fame units of time and fpace, and that a is 
that number of units of the fcale on which S and / are 

meafured, which is run over in one unit of time. 
This will be more clearly conceived by taking an Meafure of 

example. Let us afeertain the accelerative power °f^^fed 

gravity, fuppofing it to adl uniformly on a body. Let£°an acc£l 
the fpaces be meafured in feet and the time in feconds. icrating 
It is a matter of obfervation, that when a body has fal-force, 

len 64 feet, it has acquired a velocity of 64 feet per 
fecond : and that when it has fallen 144 feet, it has ac¬ 
quired the velocity of 96 feet per fecond. We want 
to determine what velocity gravity communicated to it 

by adling on it during one fecond. We have V* =• 

9216, and v7- m 4096 ; and therefore V/1——- 5120* 

S = 144? and s == 64, anc^ S -— s zs 80, and 2 (S—j) 

= 160. Now a t= ■;7g3‘> = 32, Therefore gravi- 
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Qt Accde*ty has generated the velocity 32 feet per fecond by 
Reran ling a<^in£ uniformly during one fecond. 

Forces. augmentation of the fquare of the •velocity is pro• 

'ifhnnnl J C*. ~ ~ '’..7.. 1,' L_/*_ 

86. 

x wc uugmemauon uj me jquare oj me •velocity is pro- 
j portional to the force and to the fpace jointly. For, becaufe 

a =: e^> wc have a s = *; v. 

Thus we learn, that a given force a&ing uniformly 
on a body along a given fpace, produces the fame in¬ 
crement of the fquare of the velocity, whatever the pre¬ 
vious velocity may have been. Alfo, in the fame man¬ 
ner as we formerly found that the augmentation of the 
velocity was proportioned to the time during which the 
force has. a£ted, fo the augmentation of the fquare of 

the velocity is proportional to the fpace along which it 
has afted. 

MfpeShMi *s Pretty P^ajn» that all that we have faid of the 
retarding uniform action of an accelerating force may be affirmed 
forces a retarding force, taking a diminution or decrement 

of velocity in place of an increment. A uniformly re¬ 
tarded motion is that in which the decrements of velo¬ 
city in equal times are equal, and the whole decrements 
ai e proportional to the whole times of action. Such a 
motion is the indication of a conftant or invariable force 
adting in .a direction oppofite to that of the motion. 

We conceive this to be the cafe when an arrow is (hot 
perpendicularly upwards ; its weight is conceived as a 
force continually prefiing it perpendicularly downwards. 

In fuch motions, however great the initial velocity 
may be, the body will come to reft; becaufe a certain 
determined velocity will be taken from the body in 

each equal fucceflive moment, and fome multiple of 
tins will exceed the initial velocity. Therefore the 
velocity will be ex tingin' filed before the end of a 

time that is the fame multiple of the time in which 

the velocity .was diminifhed by the quantity above men¬ 
tioned. It is no lefs evident, that the time in which 
any velocity will be extinguifhed by an oppofing or re¬ 
tarding force, is equal to the time in which the fame 

force would generate this velocity in the body previ¬ 
ously at re ft. Therefore, 

^7* ^ be times in which different initial velocities will 
be extinguifhed. by the fame oppofing force are propor¬ 
tional to the initial velocities. 

88. 2. The diftances to which the body will go till the 
extinction of its velocity are as the fquares of the initial 
velocities. 

3. They are alfo as the fquares of the times elapfed. 
8p. 4 The diflance to which a body, projeAed with any 

velocity, will go till its motion be extinguifhed by the 
uniform action of a retarding force, is one half of the 
fpace which, it would deferibe uniformly during the 
fame time with the initial velocity. 

ForceS ge> IT very rarely happens, that the force which accele- 

riable^in^" rates t^ie body adls uniformly, or with an unvaried in- 
their ixuen- tenbty. 1 he attra&ion of a magnet, for example, in- 
fity. creafes as the iron approaches it. The preffure of a 

fpring diminifhes as it unbends. The impulfe of a ftream 
of water or wind diminifhes as the impelled furface re¬ 
tires from it by yielding. Therefore the effe&s of ac¬ 
celerating forces are very imperfedtly explained, till we 

have fhewn what motions refult from any given varia¬ 
tion of force, and how to difeover the variation of force 

from the obferved motion. This laft queftion is per- 
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haps the moft important in the fludy of mechanical na-Of Accele- 
ture. It is only thus that we learn what is ufually call- rat‘n£ and 
ed the nature of a mechanical force. This chiefly con- 

Ms in the relation fubfifling between the intenfity .._y i 
the force and the diftance of the fubftance in which it 
refides. Thus the nature of that power which pro¬ 

duces all the planetary motions, is confidered as alcer- 

tained when we have demonftrated that its preffure or 
intenfity is inverfely as the fquare of the difiance from 
the body in which it is fuppofed to refide. 

Acceleration exprcfTes fome relation of the velocity 
and time. This relation may be geometrically expref- 

fed in a. variety of ways. In figure 13. the uniform 
acceleration or the unvaried relation between the velo¬ 
city and the time is very aptly exprefled by the con- 

flant ratio of the ordinates and abfciflfes of the triangle 
ag v. The ratio of d S to a d is the fame with that of 
e e to a e, or that ofy f to a f &c.; or the ratio of the 

increment of velocity the increment of the time 
& ** or b c} or that of i <p to £ /, &c. This ratio ** * : (i z* 

is equivalent to the fytnbol 

t 

But when the fpaces deferibed in a varied motion 
are reprefented by the areas bounded by a curve line 
h k 0, we no longer have that conftant ratio of the in¬ 
crements of the ordinates and abfcifTes. 

Therefore in order to obtain meafurcs of the acce-Their°mea- 
lerating forces, or at lead of their proportions, let thefuresin 

abfeifra a e g (fig. 13.). of the line hko again repre-}fl,ch c.afes 

fent the time of ;i motion. But let the areas boundede(j? Theo*- 

by parallel ordinates now reprefent the velocities, that runs of 
is, let the whole area i-ncreafe during the time a g at ,T’°^ exten* 

the fame rate with the velocities of the motion along f,ve ufe- 
the line AG. In this cafe the ordinates hi, c l, d l, 

&c. will be as the accelerations at the inflants b, c, d, 
&c. or in the points B, C, D, See. 

This is demonftrated in the fame way as the former 
propofition (11° 72.). If the accelerating force be fup¬ 
pofed conftant during any two equal moments b c and 
fg, the reftangles b c p t and/g x s would exprefs the 
increments of velocity uniformly acquired in equal 

times, and their bafes c p and f s would have the ratio 

of the accelerations, or of the accelerating forces. But 

as the velocities exprefled by the figure increafe fafter 
than the times during every moment, the force at the 
inftant c is to the force at the inftant / in a greater ra¬ 

tio than that of c p to f s ; but, for fimilar reafons, it 
is 111 a lefs ratio than that of c q to f r\ and therefore 

(as in the other propofition) the force at the inftant c 
is to the force at the inftant f as c k to f n. 

Cor. Becaufe c p is to fs in the ratio compounded 9»* 
of the direft ratio of the reftangle cp t b to the reft- 

angle/r x g, and the inverfe ratio of the altitude b c to 
the altitude fg ; and becaufe thefe reftangles are pro¬ 
portional to the increments of velocity, and the ulti¬ 
mate ratio of the altitudes is the ultimate ratio of the mo¬ 

ments or increments of the time—we mufl fay, that the 

accelerating forces (that is, their intenfities or pre/fures 
producing acceleration) are direaly as the increments 

oj veiocty, and inverfely as the increments of the times • 

Which propofition may be expreffed, in regard to two 
accelerations A and a, by this analogy: 

V 
A !a = -X. 

T • 

Or 
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Or by the proportional equation a i? Alfo # / 

= «y, and j'a t = */. And thus do.thefe theorems ex¬ 

tend even to the cafes where there cannot be obferved 
an immediate meafare, either of velocity or of accelera¬ 
tion ; became neither ■ the fpace nor the velocity in- 

creafes uniformly. ' 

■■ ■• < , * * . 
The theorem a Is1 employed when we would 

difcover the variation in the intenfity of fome natu¬ 
ral power. We ob.fenve the. motion and reprefent it 
by a figure'analogous to fig. 13. where the abfcifia~re- 
prefents the times, .and the.area is, made to increafe at 
the fame.rate with the (paces described. Then the or¬ 
dinates will reprefent the velocities, or have the propor¬ 
tion of the velocities. Then we may draw a fcco.id 
curve,on the other fide of the fame abfeiffa, fuch that 
the areas of this lafi curve fhall be proportioned to the 
ordinates of the firft. The ordinates of this lafi curve 
are proportional to the accelerating forces. 

On.the other hand, when we know from other cir- 
cumflances that a force, varying according to fome 
known law, ads on a body, we can determine its mo. 
tiou. The intenfity of the. force in every inftant being 
known, we can draw a line fo related to another line 
reprefenting the time that the ordinates fhall be pro¬ 
portional to the forces : The areas will be proportional 
to the velocities. We can draw another curve to the 
fame abfeifs, fuch that the ordinates of this fhall be pro¬ 
portional to the areas of the other, that is, to the velo¬ 
cities of the motion. The areas of this fecond curve 
will be proportional to the fpaces deferibed. 

We muil now obferve, that all that has been 
faid concerning the effeds of accelerating forces con¬ 
tinually varying, relates to changes of motion, indepen¬ 
dent of what the abfoiute motions may be. The areas 
of the line whofe ordinates reprefent the velocities do 

indicate^! not nece^ai^y reprefent the fpaces deferibed, but the 
mdhtelythe change made on the fpaces deferibed in the fame time, 
operation of not the motions, but the changes of motion. If, in- 
natural deed, the body be fuppofed to be at refl when the for- 
powers. ces begin .to ad, thefe areas reprefent the very fpaces 

that are puffed over, and the ordinates are the very ve¬ 
locities. In every cafe, however, the accelerations are 

the real increments of the velocities. 
This circumflance gives a great extenfion to our the¬ 

orems, and enables us to afeertain the diflurbances of 
any fpecies of regular motion, apart from the motions 
themfelves, and thus avoid a complication which would 

frequently be inextricable in any other way. And this 
procefs, which is merely mathematical, is perfedly con¬ 
formable to mechanical principles. It is in fact an ap¬ 
plication of the dodrine of the compofition of motion ; 
a dodrine rigidly demonflrated when we meafure a me¬ 
chanical force by the change of motion which it pro¬ 
duces. Acceleration is the continual compofition of a 
new motion with the motion already produced. 

Ho finite We may learn from this invefligation of the value of 
tharyt! o^an accelerating force, that no finite change of velocity is 

heprnduce effeded in an inftant by the adion of an accelerating 
in an inftant force. When the fig. 13. is ufed for the fcale of acce- 
by ; ny c- lerations, and they are reprefented by the ordinates of 

*brce&1* ^ li>n£ h k o} the increment of velocity is reprefented 

All thefe 
theorems 
relate to 
changes of 
velocity; 
by which 

MICS. 
by an area, that is, by-a flip. of tbe whole area* which Of Accele* 
flip mufl have fome altitude, or muft occupy fome por- rarin£ and 
tion of the abfeiffa which represents time. Some por- 
tion of time, however finall it may be, mull elapfe be- j 
fore any meafurable addition can be made to the velo¬ 
city. The velocity fnuft change continually. As no 
motion can be conceived as inllantaneous, becaufe this 
would be to conceive, that in one inftant the rtioving 
particle is in every point of its momentary path ; fo no 
velocity can change, by a finite quantity, in one inftant; 
becaufe this would be to conceive, that in that inftant 
the particle liad all the intervening velocities. The 
inftant of change is at once the laft inftant of the pre- 
ceding velocity, and the*firft of the fucceeding, and 
therefore mufl belong to both. This cannot be con¬ 
ceived, or is abfurd. As a body, in pafiing from one 

part of fpace to another, muft pafs in fucceftion through 
all the intermediate places ; fo, in palling from one ve¬ 
locity to another, it muft in fucceftion have all the in¬ 

termediate velocities. It muft be continually accelera¬ 

ted ; we muft not fay gradually, however fmall the- 
fleps. 

But to return from this digreftion ; ^ 

The mod frequent cafes which come under examina- More con- 
.tion do not fliew us the relation between the forces and ven*ent 

times, but the relation between the forces and' fpaces. ^n^ering 

Thus, when a piece of iron is in the neighbourhood-of the a<ftion 
a magnet, or a planet is confidered in the neighbour-of force?', 

hood of the fun, a force is ading on it in every point an(* more 

of its path, and we have difeovered that the intenfity tre^ent^ 

of this force varies in a certain proportion. Thus, a to v^ew^ 
fpring varies in its prefture as it unbends ; gunpowder 
preftes lefs violently as it expands, &c..%c. 

Our knowledge is generally confined to fome fuch 
effetft as this. We know, that while a body .is moving 

along a line ADE (fig. 16.), it is urged forward by a 
force, of which the intenfity varies in the proportion 

of the ordinates BF, CG, DH, El, &c. of the line 
FGHI. 

To inveftigate the motion or change of motion pro¬ 
duced by the adion of this force, let CD be fuppofed 
a very fmall portion of the fpace j, which we may- ex- 
prefs by sf. Draw GK perpendicular to DH. Then, 
if we fuppofe that the force ads with the unvaried iru 
teniity CG through the whole fpace CD, the redangle 

CD KG will exprefs half of the increment of the fquare 
of the velocity (n° 85.). We may fuppofe that the 

force ads uniformly along the adjoining fmall fpace. 
Dr with the intenfity DH. The redangle DH 0 r 
will in like manner exprefs another, half increment of 
the fquare of the velocity. And in like manner we 

may obtain a fucceftion of fuch increments. The ag¬ 
gregate or fum of them all will be half the difference 

between the fquare of the velocity at B and the fquare 
of the velocity at E. 

If we employ f to exprefs the indetermined or,va¬ 
riable intenfity of the accelerating force, and v to ex¬ 
prefs the variable velocity, and v its increment uniform* \ 
ly acquired ; then the redangle CD-KG will be ex- 
preffed by f s. We have feen that this is-equal to 
Therefore, in every cafe where we can tell the aggre¬ 
gate of all the quantities f s, it is plain that we will ob¬ 
tain half the difference between the fquares of the ve¬ 
locities in B and E, on the fuppofition that the intenfi-. 

ty of the force wasconftant along each little fpace, and 

1 varied. 
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Of Accele- varied by ftarts. Then, by increafmg the number, and. 
raring and diminifhing the magnitude, of thofe little portions of 

^ForceT^ t^ie fpace without end, it is evident that we terminate 
u—v—— in the exprefiion of the real Hate of the cafe, i. e. of a 

force varying continually ; 'and that in this cafe the ag¬ 
gregate of thefe re&angles occupies the whole area 

AEIF, and is equivalent to the fluent off sy or to the 

fymbol J) ufed by the foreign mathematicians to ex- 

prefs this fluent, which they indeed conceive as an ag¬ 
gregate of fmall re&angles f s\ And we fee that this 

area expreffes half of the augmentation of the fquare of 
the velocity. Therefore, 

If the abfeiffa AE (fig. 16.) of a line FGI is tEe path 
along which a body is urged by any accelerating force, and 
if the ordinates BF, CG, DH, &c. are proportional to 
the forces aBing on the points B, C, D, £3V. the intercepted 
fl/fflfBGGF, B E IF, EsV. are proportional to the augmen¬ 
tations' of the fquare of the velocity. 

Obferve that the areas BCGF and DEIH are alfo 
proportional to the augmentations made on the fquares 
of the velocities in B and D. 

Obferve alfo, that it is indifferent what may have 
been the original velocity. The adtion of the forces re- 
prefented by the ordinates make always the fame addi¬ 
tion to its fquare ; and this addition is half the fquare 
of the velocity which thofe forces would generate in 
the body by impelling it from reft in the point A. 

Laftly, on this head, obferve, that we can ftate what 
conftant or variable force will make the fame augmen¬ 
tation of the fquare of the velocity by impelling the 
body uniformly along the fame fpace BE ; or along 
what fpace a given force muft impel the body, in order 

to produce the fame increafe of the fquare of its velo¬ 
city. In the firft cafe, we have only to make a rect¬ 

angle BEN equal to the area BEIF, and then B <t> is 
the intenfity of the conftant force wanted. In the fe- 
cond cafe, in which the force EO is given, we muft 

make the reCtangle AaOE equal to the area BEIF, 
and AE is the fpace required. 

The converfe of this propofition, viz. If the areas 
are as the increments of the fquare of the velocity, the or¬ 

dinates are, as the forces, is eafily demonllrated in the 
fame way ; for if the elementary areas CD KG and 
EIM e reprefent increments of the fquares of the velo¬ 
city, the accelerating forces are in the ratio compound¬ 

ed of the dire& ratio of thefe reCIangles and the in- 
verfe ratio of their altitudes, becaufe thefe altitudes are 
the increments of the fpace (n° 85.). Now the bale 
CG of the reClangle CDKG, is to the bafe El of the 
re&angle ElMe in the fame compounded ratio ; there¬ 
fore the force in C is to the force in E as CG to El. 

The line h k 0 (fig. 13.) was called by Dr Barrow 

(who firft introduced this extenfive employment of mo- 
locity, ao tion into geometry), the scale of velocities ; and the 

J^ecra^n» line FHL (fig. 16.) was named by him the fcale of dc- - 
9 ’ celerations. Hermann, in his Phorcnomia, calls it the 

fcale of forces. We fhall retain this name, and we may 

call h h o of fig. 13. the fcale of accelerations, when the 
areas reprefent the velocities. Sir Ifaac Newton added 
another fcale of very great ufe, viz. a fcale of times. It 
is conftrucled as follows. 

Let ABE (fig. 16.) be the line along which a body 
is accelerated, and let FHI be the fcale of forces, that 

is, having its ordinates FB, HD, IE, &e. proportional 
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to the forces afting at B, D, E, F, &c. ; Utfh i be Of Accele- 
another line fo related to ABfe, that C^ is to Ei in radng^nd 

the inverfe fubduplicate ratio of the BFCC ,0 

the area BF1E ; or, to" exprefs it more generally, e 
the fquares of the ordinates to the line fgi be inverfely, 

as the areas ofthejine FHI intercepted between thefe 
ordinates and the firft ordinate drawn through B ; then 
the times of the bodies moving from a ftate of reft in 
B are as the intercepted areas of the curve fgi. 

For let CD and Ee be two very fmall portions of 
the fpace deferibed in equal times. They will be ulti¬ 
mately as the velocities in C and E. The area FBCG 
is to the area FBEI as the fquare of Ei to the fquare 

of C^ (by conftru&ion) ; but the area FBCG is to 

FBEI as the fquare of the velocity at C is to the - 
fquare of the velocity at E (by the propofition) ; 

therefore the fquare of the velocity at C is to the 
fquare of the velocity at E as the fquare of E i to 

the fquare of Cg; therefore E i is to C^ as the ve¬ 
locity at C to the velocity at E, that is, as CD to Ee: 
but lince E i : C^ — CD : E e, we have E i X E e = 

C^ X CD, and the elementary re&angles Cg k D and 
Ei me are equal, and may reprefent the equal moments 

of time in which CD and E e were deferibed. Thus 
the areas of the linc fgi will reprefent or exprefs the 

times of deferibing the' correfponding portions of the 
abfeiffa. 

We may exprefs the nature of this fcale more briefly 
thus. Let BE be the fpace deferibed with any varied 

motion, and fgi a curve, fuch that its ordinates are in¬ 
verfely as the velocities in the different points Of the 

abfeiffa, then the area will be'as the'times of deferibing 
the correfponding portions of the abfeiffa. 

In all the cafes where our mathematical knowledge Examples 
enables us to aflign the values of the ordinates of the ft-of the' ap 

gure 16, we can obtain the law of a&ion of the Forces; P,icat|on of' 
or the nature of the force ; and where we! can aflignn°95* 

the value of the areas from our knowledge oft the pro¬ 

portions of the ordinates or forces, we c^n* afceVtairi the 
velocities of the motion. We fliall give an example or 
two, which will fhew the tfayin which we avail ohr- 

felves of the geometrical properties* of figure, in order 

to afeerthin'the effe&s of mechanical forces. ' 
1. Let the accelerating forck which impelsuhe body^ 

along the line AB be conftant, and let the' body bc*; 
previoufly at reft in*B the line which bounds the or¬ 

dinates that reprefent’ the forces muft he Tome line' 

9 HN parallel to AB. The area BDH f is to the area 
BEN\p as the fquare of the'velocity at D to the fquare^ 
of the velocity at E. Thefe areas, having equal baftsv 

DH and EN, are as their altitudes BD and BE $ that 
is, the fpaces deferibed are as the fquares of the ac-1 

quired velocities. And we fee that this chara&eriftic 

mark of uniformly accelerated motion is included in this 
general propofition. * 

2. Let us fnppofe that the body is impelled from A Example 
(fig. 17.) towards the point C, by a force proportionalfecond °f 
to its diftance from that point. This force may he re-?ccu*iar 

prefented by the ordinates DA, EB, eb, Zee. to the^aT^ 
ftfaight line DC. We may take any magnitude of 
thefe ordinates;.that is, the line DC may make any angle 

with AC. It* will fimplify the inveftigation if we 
make the firft force AD ~ AC. About C deferibe 
the circle AH a, cutting the ordinate EB in F ; let 

£ b be another ordinate, cutting the circle in/very near 
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of Accele to F; draw CM perpendicular to AC, and make the 
rating and arc^ pj= / F, and draw he parallel to HC } join 

RF©rcefc* FC and DH’ and draw F& perpendicular to ft. Let 
IML be another ordinate. 

The area DABE is to the area DAKL as the 
fquare of the velocity at B to the fquare of the velocity 
at K. But DABE is the excefs of the triangle ADC 
above the triangle EBC, or it is half of the excefs of the 
fquare of CA or CF above the fquare of CB, that is, 

half the fquare of BF. In like manner, the area DAKL 
is equal to half the fquare of KM ; but halves have the 
fame ratio as the integers \ therefore the fquare of BF 
is to the fquare of KM as the fquare of the velocity at 
B to the fquare of the velocity at K ; therefore the ve¬ 

locity at B is to the velocity at K as BF is to KM. 
The velocities are proportional to the fines of the arches 

of the quadrant AFH deferibed on AC. 
Cor. i. The final velocity with which the body ar¬ 

rives at C, is to the velocity in any other point B as 

radius to the fine of the arch AF. 
Cor. 2. The final velocity is to the velocity which 

the body would acquire by the uniform action of the 

initial force at A as l to \/2 ; for the redangle DA 
CH expreffes the fquare of the velocity acquired by 
the uniform adion of the force DA ; and this is double 
of the triangle DAC ; therefore the fquares of thefe 
velocities are as i and 2, and the velocities are as y/i 

and or as l to ^2* 
Cor. 3. The time of deferibing AB is to the time 

of deferibing AC as the arch AF to the quadrant 

AFH. 
102. 

CO3. 

For when the arch F/ is dfminifhed continually, it 

is plain that the triangle f i F is ultimately fnnilar to 
CFB, by reafon of the equal angles C th (or CFB) 

and /iF, and the right angles CBF and fVi; there¬ 
fore the triangles/^ F and CBF are alfo fimilar. More¬ 
over, B h is equal to F^, F/ is equal to h H, which is 
ultimately equal to c C ; therefore fince the triangles 
f g F and CFB are fimilar, we have Y g : Yf ~ FB : 

FC, szr FB : HC ; therefore B b is to c C as FB to 
HC, that is, as the velocity at B to the velocity at C; 
therefore B b and c C are deferibed in equal moments 
when indefinitely fmall ; therefore equal portions F/, 
h H, of the quadrant correfpond to equal moments of 
the accelerated motion, along the radius AC ; and the 

arches AF, FM, MH, See. are, proportional to the 

times of deferibing AB, BK, KC, &c. 
Cor. 4. The time of deferibing AC with the une- 

qi ally accelerated motion, is to the time of deferibing 

it uniformly with the final velocity as the quadrantal 
arch is to the radius of a circle ; for if a point move in 
the quadrantal arch fo as to be in F, fy M, H, &c. 
when the body is in B, by K, C, it will be moving 
uniformly, becaufe the arches are proportional to the 
times of deferibing thofe portions of AC ; and it will 
be moving with the velocity with which the body arrives 

at C, becaufe the arch h H is ultimately zz C c. Now 
if two bodies move uniformly with this velocity, one 
iu the arch AFH, and the other in the radius AC, the 
times will be proportional to the fpaces uniformly de¬ 
feribed ; but the time of deferibing AFH is equal to 

the time of the accelerated motion along AC ; therefore 
the propofition is manifeft. 

Cor. 5. If the body proceed in the line C a, and be 
retarded in the fame manner that it was accelerated 

MICS, 
along AC, the time of deferibing AC uniformly with Of Acede. 
the velocity which it acquires in C is to the time of mingan4 
deferibing AC a with the varied motion, as the diame- 
ter of a circle to the circumference ; for becaufe thp 1 j 

momentary retardations at IC, B', &c. are equal to the 
accelerations at K and B, &c. the time of deferibing 
AC a is the fame with that of deferibing AHa uni¬ 
formly with the greateft velocity. That is, to the time 

of deferibing AC uniformly as AH a to AC, or as 
the circumference of a circle to the diameter. There¬ 

fore, &c. N. B. In this cafe of retarding forces it is 

convenient to reprefent them by ordinates K'L, B E, 
a D', lying on the other fide of the axis AC a ; and to 
conlider the areas bounded by thefe ordinates as fub- 

tra&ive from the others. Thus the fquare of the velo¬ 

city at K' is expreffed by the whole area DACK'L'D, 
the part C'K'L being negative in refpcdl of the point 
DAC. This obfervation is general (See alfo Optics, 

no 125, EncycL) 
Cor. 6. The tfme of moving along KC, the half of 

AC, by the uniform a&ion of the force at A, is to that 
of deferibing AC a by the varied action of the force 
directed to C, and proportional to the dillance from it, 
as the diameter of a circle to the circumference ; for 
when the body is uniformly impelled along IvC by tlie 

conftant force IK, the fquare of the velocity acquired 
at C is reprefented by half the re&angle IKCH, and 
therefore it is equal to the velocity which the variable 
force generates by impelling it along AC (by the way, 
an important obfervation). The body will deferibe AC 
uniformly with this velocity in the fame time that it is 

uniformly accelerated along IvC. Therefore by Cor. 
5. the propofition is manifeft. 

Cor. 7-. if two bodies deferibe AC and KC by the 
action of forces which are every where proportional to 

the diilances from C, their final velocities will be pro¬ 
portional to the diftances run over, and the times will 

be equal. 
For the fquares of the final velocities are proportional 

to the triangles ADC, LKC, that is, to AC2, KC2, 
and therefore the velocities are as AC, 1\C. The times 
of deferibing AC and KC uniformly, with velocities 

proportional to AC and KC, mu ft be equal ; and thefe 
times are in the fame ratio (viz. that of radius to ^th 
of the circumference) to the times of deferibing AC 
and KC with the accelerated motion. Therefore, See. 

Thus, by availing ourfelves of the properties of the 

circle, we have difeovered all the properties or charac¬ 
ters of a motion produced by a force always diretfted to 

a fixed point, and proportional to the dillance from it. 
Some of thefe are remarkable, fuch as the la ft corol¬ 

lary ; and they are all important ; for there are innume¬ 

rable cafes where this law of adlion obtains in Nature* 
It is nearly the law of action of a bow firing, and of all 
elaftic bodies, when their change of figure during their 
mutual a&ion is moderate ; and it has been by tile help 

of this propofition, firft demonflrated in a particular 
cafe by Lord Brouncker and Mr Huyghens, that we 
have been able to obtain precife meafures of time, and 
confequently of actual motions, and confequently of any 
of the mechanical powers of Nature. It is for this rea- 
fou, as well as for the eafy and perfpicuous employment 

of the mathematical method of proceeding, that we have 

feledled it. 
Inftead of giving any more particular cafes, we may # 

obferve 
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Of Accele obferve in general, that If the intenfity of the force be 
rating and proportional to any power whofe index is n — I of the 

Rtorcesg dillance, and if a be the dillance from the fixed point 
u ’ i at which the body begins to be accelerated, and * its 

dillance from that point in any part of the motion, the 

velocity will be == vV*—xn. This is very plain, be- 
canfe the increment CGHD of the area of fig. 16. 
which is alfo the increment of the fquare of the veloci¬ 

ty, is =4 xn~“lx9 and the area is == * ar,d w*iole 
area, correfponding to the dillance a, is an. Therefore 
the portion of the area lying beyond the dillance x is 

a71—xn. This is as the fcpiare of the velocity, and 

therefore the velocity is as the fquare root Van — x11 

of this quantity. 

vv , 
This propofition, f s == v v, or f === 1S the 

s 

39th of the firll book of Newton’s Principia, and is 
perhaps the moll important in the whole do&rine of dy¬ 
namics, whether employed for the invelligation of forces 
or for the explanation of motions. It furnilhes the 
moll immediate data for both purpofes, but more efpe- 

cialiy for the lalt. By its help Sir Ifaac Newton was 
able to point out the numerous disturbances cf the pla¬ 
netary motions, and to feparate them from each other ; 

thus unravelling, as it were, that moll intricate motion 
in which all are blended together. He has given a moll 
wonderful fpecimen of its application iii his Lunar 
Theory. 

We now are able to explain all the puzzling fafls 

which were adduced by Leibnitz and his partifans in 
fuppori of their meafure of the farces of bodies in mo¬ 

tion. We fee why four fprings, equally bent, commu¬ 
nicate but a double velocity, and nine fprings but a 
triple velocity ; why a bullet moving twice as fall will 
penetrate an earthen rampart to a quadruple depth, 

&c. See. 

fanfervatio This theorem alfo gives a moll perfpicuous explanation 
virium vi. of the famous do&rine called confervatio viriurn vivarum. 
varum. When perfectly elallie bodies adl on each other, it is 

found that the fum of the malTes multiplied by the 

fquares of the velocities is always the fame. This has 
been fubftituted, with great encomiums, by the German 
philofophers in place of Des Cartes’s principle, that the 
quantity of motion in the univerfe, elliinated in one di¬ 
rection, remains always the fame. They are obliged, 
however, to acknowledge, that in the actions of perfeCl- 
ly hard bodies, there is always a lofs of vis viva, and 
therefore have denied the exillence of fuch bodies But 
there is the fame lofs in the mutual aCtions of all.foft or 

ductile, or even imperfectly elallie, bodies; and they 
are miferably puzzled how to explain the fad ; but 
both the confervatio and the amijjio are necefiary confe- 
quences of this theorem. 

In the collifion of elallie bodies, the. whole change of 
motion is produced during the Ihort time that the bo¬ 

dies are comprelfed, and while they regain their figure. 
When this is completed, the bodies are at the fame dif- 
tance from each other as when the mutual aClion be¬ 

gan. Therefore the preceding body has been accelera¬ 
ted, and the following body has been retarded, along 
equal fpaces ; and in every point of this fpace the acce¬ 
lerating and the retarding force has been equal. Con¬ 

sequently the fame area of fig. 17. exprefles the change 

> 
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made on the fquare of the velocity of both bodies. Of'Acceie- 

Therefore, if V and U are the velocities before collifion, Bardin^ 
and v and u the velocities after collifion, of the two bo- porce$. 

dies A and B, we mull have AXV2—v2 = BX«*—V2, * 
and therefore A X V2 -}- B X U2 = A X v2 + B X w2. 

But in the other elafs of bodies, which do not com¬ 
pletely regain their figure, but remain compreffed, they 

are nearer to each other when their mutual aCtion is 

ended than when it began. The foremoll body has 
been accelerated along a fhorter fpace than that along 

which the other has been retarded. The mutual forces 

have, in every inilant, been equal and oppofite. There¬ 
fore the area which expreffes the diminution of the 
fquare of the velocity, mull exceed the area exprefiing 

the augmentation by a quantity that is always the fame 
when the permanent comprefiion is the fame ; that is, 

when the relative motion is the fame. A X V2—v% 

mult exceed B X u1—U2, and A X V1 *f B X U2 mull 
exceed A X v2 -4* B X u2. 

This fame theorem is of the molt extenfive ufe in all 
practical queltions in mechanic arts; and without it 

mechanics can go no farther than the mere ilatement of 
equilibrium. 

Hermann, profeffor of mathematics at Pavia, one of^iftory °f 

the ornaments of the mathematical elafs of philofophers, n° ?•*’ 18 
has given a pretty demonllration of this valuable propo¬ 

fition in the A£ta Eruditorum Lipfi<e for 1709; and 
fays, that having fearched the writings of the mathema¬ 
ticians with great care, he found liimfelf warranted to 

fay, that Newton was the undoubted author, and boalts 

of his own as the firll fynthetical demonllration. The - * 

pnrpofe of this aflertion was not very apparent at the 
time ; but long after, in 1746, when Hermann’s papers, 

preferved in the town-houfe of Pavia, were examined, 
in order to determine a difpnte between Maupertuis and 
Koenig about the claim to the difeovery of the principle 

of leajl aBiotiy letters of Leibnitz’s were found, requell- 
ing Hermann to fearch for any traces of this propofi¬ 

tion in the writings of the mathematicians of Europe. 
Leibnitz was by this time the envious detra&or from 

Newton’s reputation ; and could not but perceive, that 

all his contorted arguments for his do&rine received a 

clear explanation by means of this propofition, in per¬ 
fect conformity to the ufual meafure of moving forces. 

Newton had difeovered this theorem long before the 
publication of the Principia, and even before the difeo¬ 
very of the chief propofition of that book in 1666 ;. 

for in his Optical LeCtures, the materials of which were 

in his polFefii'on in 1664, he makes frequent ufe of a 
propofition founded on this (fee n<> 42.) We may 

here remark, that Hermann’s demonllration is, in every 

ftep, the fame with Dr Barrow’s demonllration of it as 
a theorem merely geometrical, without fpeakirig of mo¬ 
ving forces (fee Lett. Geometr. xi. p. 85. edit. 16 ), 

but giving it as an In fiance of the transformation of 
curves, which he calls scales of velocity, of time, of 
acceleration, See. It is very true that Barrow, in thefe 
mathematical ledhfres, approached very near to both of 

Newton’s difeoveries, the fluxionary geometry, and the 

principles of dynamics ; and the junto on the continent, 

who were his continual detra&ors, charge him with im¬ 
pudent plagiarifm from Dr Barrow, and even fay that 

he has added nothing to the difeoveries of his teacher,. 

But furely Dr Barrow was the bell judge of this mat¬ 
tery 
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Of Accele. ter; and fo far from refenting the ufe which Newton 

Kctanlin^ ^as rlna^e °f "'hat he had taught him, he was charmed 
Forces, with the genius of the juvenis fpeftatiffmus his fcholar, 
—v~- and of his own accord gave him his profeiforial chair, 

and ever after lived in the utmoft harmony and friend- 
fhip with him. Nay, it would even appear, from fume 
exprefiions in thofe very le&ures, that Dr Barrow owed 
to young Newton the firft thought of making fuch ex- 
tenfive ufe of motion in geometry. We recommend this 

work of Barrow's to the ferious perufal of our readers, 
who wifh to acquire clear notions of the fcience of mo¬ 
tion, and an elegant tafte in their mechanical difquifi- 
tions. After all the cultivation of this fcience by the 
commentators and followers of Newton, after the Pho- 
ronomia of Hermann, the Mechanica of Euler, the Dy- 

tiamique of D‘Alembert, and the Mechanique Analytique 
of Dc b Grange, wTbich are undoubtedly works of tran- 
feendent merit and utility, the Principia of Neu’ton will 
{fill remain the mod pleafing, perfpicuous, and elegant 
fpecimen of the application of mathematics to the fcience 
of univerfal mechanics, or what we call Dynamics. 

The two fundamental theorems ft v, and f s 

v v, enable us to folve every queftion of motion ac¬ 
celerated or retarded by the aftion of the mechanical 
powers of nature. But the employment of them may 

be greatly expedited and Amplified by noticing two or 
104 three general cafes which occur very frequently. 

Similar in- Thefe may be calledfimilar infants of time, and fimilar 
flams and p0\nfs 0jfpace which divide given portions of time, and of 

fpace in the fame ratio. Thus the middle is a fimilar in- 
ftant of an hour or of a day, and is the fimilarly fituated 
point of a foot or of a yard. The beginning of the 
21 ft minute, and of the gth hour, are fimilar iaftants of 
an hour and of a day. The beginning of the 5th inch, 
and of the 2d foot, are fimilar points of a foot and of a 
yard. 

Forces may be faid to aft fimilarly when their inten- 
tion s ,w i. a t If ties in fimilar infants of time, or in fimilar points of 

fpace, are in a confant ratio. - Thus in fig. 17. when 
one body is impelled towards C from A, and another 
from K, each with a force proportional to the diftance 
of every point of its motion from C, thefe forces may 
be faid to a& fimilarly along the fpaces AC and KC, 
or during the times reprefented by the quadrantal arches 

AJFH, KNO The following propofitions on fimilar 
a&ions will be found very ufeful on many occafions; 
but we muft premife a geometrical lemma. 

If there be two lines EFGH (fig. 18.), e f g h, fo re¬ 
lated to their abfeifies AD, a d, that the ordinates IK, 
ih, drawn from fimilar points I and i of the abfeiffes, 
are in the conftant ratio of AE to a e ; then the area 
ADHE is to the area a dhe as the redtangle of AD 
X AE to the re&angle adX a e. 

For let each abfcifla be divided into the fame number 
of equal and very fmall parts, of which let CD and c d 

be one in each. Infcribe the re&angles CGID, eg i d. 

Then becaufe the number of parts in each axis is the 
fame, the lengths of the portions CD and c d will be 
proportional to the whole abfeiftes AD and ad. And 
becaufe C and c are fimilar points, CG is to c g as AE 
is to a e. Therefore CD XCG : c d X c g = AD 
AE : a d X a e. This is true of each pair of corre- 
fponding rectangles ; and therefore it is true of their 

Xurns, But when the number of thefe re£tangles is in- 

. T.°5 
Similar ac- 
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crcafed, and their breadth diminiftied without end, it isOf Accclo- 
evident that the ultimate ratio of the fum of all the red- ratin£ 

angles, fuch as CDHG to the fum of ail the re&angles RFoice”e 
c d h g, is the fame with that of the area ADHE to the y— 
area a d h e, and the propofition is manifeft. 

If two particles of matter are fimilarly impelled during 107* 

given times, the changes of velocity are as the times and as 
the forces jointly. 

Let the times be reprefented by the ftraight lines 
ABC (fig. 19.) and abc, and the forces by the ordi¬ 
nates AD, BE, CF, and a d, b e, c f Then if B and 

b are fimilar inftants (fuppofe the middles) of the 
whole times, we have BP^ : b e zz AD : a d. There¬ 
fore, by the lemma, the area A CDF is to a c f d as 
AC X AD to a c X ad. But thefe areas are propor¬ 
tional to the velocities (no 72), and the propofition is 
demonftrated. For the fame reafon the change of ve¬ 
locity during the time AB is to the change during a b 
as AB X AD to a b X a d. 

Cor. 1. If the times and forces are reciprocally pro¬ 
portional, the changes of velocity are equal; and if the 

forces are inverfely as the times, the changes of velocity 
are equal. 

If two particles be fimilarly urged along given fpaces, xo8a 
the changes made on the fquares of the velocities are as the 
forces and fpaces jointly. 

For if AC (fig. 19.) and a c are the fpaces along 
which the particles are impelled, and the forces are as 
the ordinates AD and a d, the areas ACFD and a cf d 

are as the changes on the fquares of the velocities. But 

thefe areas are as AC X AD, and a e X ad. There¬ 

fore, &c. 
Cor. 2. If the fpaces are inverfely as the forces, the 

changes of the fquares of the velocities are equal; and 
if thefe are equal, the fpaces are inverfely as the forces. 

Cor. 3. If the fpaces, along which the particles have 
been impelled from a previous ftate of reft, are dire&ly 
as the forces, the velocities are alfo as the forces. For, 

becaufe the changes of the fquares of the velocities are 
as the fpaces and forces jointly, they are in this cafe 
as the fquares of the forces or of the fpaces ; but the 
changes of the fquares of the velocities are in this cafe 

the whole fquares of the velocities; therefore the fquares 
of the velocities are as the fquares of the forces, and the 
velocities are as the forces. N. B. This includes the 
motions reprefented in fig. 17. 

If two particles be fimilarly impelled along given 109, 
fpaces, from a fate of ref, the fquares of the times are 

proportional to the fpaces dire ft ly, and to the forces in- 

verfely. 
Let ABC (fig. 19.) abc be the fpaces described, 

and AD, a d, the accelerating forces at A and a Let 

V, B exprefs the velocity at B, and v, b the velocity 

at b. 
Let GHK and g h k be curves whofe ordinates arc 

inverfely as the velocities at the correfponding points of 

the abfcifla. Thefe curves are therefore exponents of 

the times (n° 99 ) Then, becaufe the forces a ft fimi¬ 
larly, we have, by the laft theorem, AC X AD : a c 
Xad- VVB b, zzhP: HB*. Therefore HB 

: h b zrz ac X ad : */ ACXAD, and therefore in a 
conftant ratio. Call this the ratio of m to n. But, 
fince the ordinatefc of the lines GHK, g h k are inverfe¬ 

ly as the velocities, the areas are as the times (n° 99) ; 
♦ and 
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area* ,a>-e >'n the ratio of AC X m to a c X ti. 

Forces. Therefore (calling the times of the motions T and t), 
w—v—— we have 

T : t zzmt\C:nac; and therefore 
Ta: /* =r nr X AC3 : n* X a c\ But 

: n2 zz a c X a d : AC X AD. Therefore 

T‘:/’=:«* X^xAC1: AC X AD X aci, 
OrT!:/* = WxAC : AD X a c. 

Or Tl: /’ = AC 
a c 

AD : 7d' 

The attentive reader will obferve. that thefe three 
propositions give a great extenfion to' the theorems 
which were formerly deduced from the nature of uni¬ 
formly accelerated motion, or of uniform a&ion of the 
forces, and were afterwards demonitrated to obtain in 
the momentary a&ion of forces any how variable. 

The firft of the three propofitions, V : v = F X T : 

/X /, is the extenfion of the theorem/X t = v. The 

lecond, V2 : u1 r F X S :/X s, is the extenfion of the 

theorem / X i =s v v. And the third, T* : /* = f : ->' 
F f 

is the extenfion pf/= _i_, or of/ X |/*J =■ Thefe 

theorems hold true of all Jimilar adions } and only for 
this reafon, are true of uniformly accelerated motions, 
or uniform adtions. 

Aserejrate There remains one thing more to be faid concerning 

cqu"Tacce- *1“ acf grating forces. Their magnitude is 
ieratiW afeertained by their efted. Therefore that is to be 

conlidered as a double force which produces a double 
quantity of motion. Therefore when a body A con¬ 
tains twic^ the number of equal atoms'of matter, and 
acquires the fame velocity from the a&icm of the force 

r that another body a, containing half the number of 
atoms, acquires from the adion of a force / we con¬ 

ceive F to be double of/, That this is a legitimate in¬ 
ference appears qlearly from this, that we conceive the 
iennble weight of a body, or that prefiure which it ex¬ 
erts on its fupports, as the aggregate of the equal pref¬ 
iure, of every atom, accumulated perhaps on one point; 
as when the body hangs by a thread, and, by its inter¬ 
vention, pulls at fome machine. Without inquiring in 

what manner, or by what, intervention, this accumula¬ 
tion of prefiure is brought about, we fee dearly that it 

refults from the equal accelerating force of gravity ad- 
ing immediatly on each atom. When this weight k 
thus employed to.move another bqdy by the interven- 
t ion of the thread, which is attached to one point per¬ 
haps of that body, it puts the whole into mbtion, gene- 
rating a certain velocity w in every atom, by ading 

uniformly during the. time £. We conceive each atom 
to have fuitained the adion of an equal accelerating force; 
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V rating and 
and meafured by y. If we know that the impelled Retarding 
, , » 1 Forces, 
body contains the number m of atoms, the aggregate of 1» f 

r . v mv 
forces is m — or- 

t t ' 

But fince we meafure forces by the quantity of mo¬ 
tion which they produce, we muft conceive, that when 
the fame force is applied to a body which confifts of n 
particles, and produces the velocity w, by ading uni¬ 

formly during the fame time /, the force n — is equal to 

the force m 

Sir Ifaac Newton found it abfolutely neceflary, in Moving 
the difquifitions of natural philofophy, to keep this cir- force, mo- 

cumftatice of acceleration cleUr of all notions of quanti-tJ.ve forc.e» 
ty of matter, or other confiderations, and to contem-V1S ^tru* 

plate the affedions of motion only. He therefore con-gushed 

from acce- 
fidered -as the true original meafure of acceleratinglerating 

force 

force, and m He therefore calls the 

forces. 

t as an aggregate. 

aggregate a w m'otrixy a moving force, meafured by the 
quantity of motion that it generates. And he confines 

the term accelerating force to the quantity ~, meafured 

by the acceleration or velocity only. It would be conve¬ 

nient, therefore, alfo to confine the fymbol/ to m 

and to retain the fymbol a for exprefiing the accelera¬ 

ting force —. ' 
i . , 

Ibis appellation of motive force is perfedly juft and 
Ample ; for we may conceive it as the- fame with the 
accelerating force which produces the velocity m times v 
111 one particle, byadingon.it uniformly during the 
time /. 1 his motion of one particle having the velocity 

mu, is the fame with, that of m particles having each 
the velocity v. 

If therefore a motive force / ads on a body con- 

lifting of m particles, the’ accelerating force a is 
f v 

-L - 1 . - .* i 

m t * t , y , \ 

Therefore the three laft propofitions concerning the 
fimilar, the uniform, or the momentary adions of tno- 
ving forces, vylien, exprefied imthe molt general terms, 
are* * ? . , 

v' ~ A 
n t 

-llL —> 

whofe meafure is j. Without t • ll“uui considering how this 

force is exerted on each atom, />r by what it is imme- 
niately exerted, or how it is diffufed through the body 
troxn the point to which the weight of the other body 
is applied by means of the thread ; we flill confider it 
as the aggregate of thc*adion of gravity on each atom 
c> that other body. Moreover, attending only to the 

motion produced by it, and perhaps tioF knowing the 
■weight of the impelling body, we, meafure it, as a mo- 
vmg rorce, by confidering it as the aggregate of the 
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Of De^lectino Forces. 

V/HEN>we obferve the diredion of a body to change, Ucllkno 

we unavoidably infer the agency of a fored which ads forces. 3 
m a diredion “that does not coincide with that of the 
body’s motion ; and we may diftinguilh this circum- 
ftance by Calhng it a deflecting force. We have 
already fhewn how to eftimate and meafure this de- 
fleding force, by confidering it as competent to the 

3 V pro- 
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ofDeflea- produaion of that motion which, when compounded 

idg For. es. w;ti1 the former motion, will produce the new motion 

'-*-(n° 44.) Now, ae all changes of motion are really 
compolitions of motions or forces, it is evident that we 
(hall explain the adion of deSeftiug forces when we 

Ihew this compofition. . . .. , 
We may almoft venture to fay a priori, that all de¬ 

flections muft be continual, or exhibit curvilineal mo¬ 
tions : for as'no finite velocity, or change of velocity, 
can be produced iii an inftant by the attion 01 an ac¬ 
celerating force, no polygonal or angular deflexion can 

be produced ; becaufe this is the compofition ot a finite 
velocity produced in an inftant. Defteaive motions are 
all produced by the compofition of the former motion, 
liaviiicr a finite velocity, with a tranfverfe motion conti¬ 

nually accelerated from a ftate of reft. Of this we can 
form a very diftinft notion, by taking the limpleft cale 

of fucli accelerated motion, namely, an uniformly acce- 

lerated motion. . _ . n /c * \ 
Let a body be moving in the direction AC (ug. ^o-/ 

* with any conftant velocity, and when it comes to A, 
let it be expofed to the action of an accelerating force, 

acting uniformly in any ether direction AE. n.s 
alone would caufe the body to defevibe AE with a uni- 
formlv accelerated motion, fo that the fpaces AJJ, At 
would be as the fquares of the times in which they are 
deferibed. Therefore, if AB be the fpace which it 
would have deferibed uniformly in the time that it de¬ 
fer ibes AD by the aaion of the accelerating force, and 
AC the fpace which it would have deferibed uniformly 
while it deferibes AE by the action of the accelerating 
force—nothing more is wanted for afeertaimng the 
real motion of the body but to compound the uniform 
motion in the diredion AC with the uniformly accele¬ 

rated motion in the diredion AE. AD is to AE as 
the fquare of the time of deferibing AD to the fquare 
cf the time of deferibing AE ; that is, as the fquare 
of the time of deferibing AB to the fquare of the time 
of deferibing AC ; that is, as AB2 to AC* (by reafon 
of the uniform motion in AC). This compofition is 

performed by taking the fimultaneous points B, D> 
and the fimultaneous points C, E, and completing the 
parallelograms ABFD, ACGE. The body wil be 
found in the points E and G in the inftants in which 
it would have been found at B and C by the uniform 
motion, or in D and E by the accelerated motion In 
the fame manner may be found as many points of the 

real path as we pleafe. It is plain that thefe points 
will be in a line AFG, fo related to AE that AD : 
AE = DF2 : EG* ; or fo related to the original mo- 

tion AC, that AB2 : AC1 = BF : CG, &c. This 
line is therefore a parabola, of which AE is a diameter, 
DF and EG are ordinates, and which touches AC in 

A. 
And of the Having thus afeertained the path of the body, we 
motion in can alfo afeertain the motion in that path ; that is, the 

velocity in any point of it. We know that the velo¬ 
city in the point G is to the velocity of the uniform 
motion in the diredion AC as the tangent TG is to 
the ordinate EG ; becaufe this is the ultimate ratio ot 
the momentary increment of the arch AEG to the mo¬ 
mentary increment of the ordinate EG. Thus is the 
velocity in every point of the curve determined. We 
have taken it for granted, that the line of projection 

touches the path, and that the direction in. every point 

this path. 

MICS, 
is that of the tangent. To fuppofe that the curve, in Of Dcflefl. 

any portion of it, coincides with the tangent,.is to flip-. q _ t 
pofe that the body is not defle&ed ; that is, is not ac¬ 

ted on by a tranfverfe accelerating force : And to fup¬ 

pofe that the tangent makes a finite angle with any 

part of the path, is to fuppofe that the defle&ion is not 

continual, but by ftarts—both of which are contrary to 

the conditions of the c«^e. No ftraight line can be 

drawn between the direftion of the body and the fuc- 

ceedlng portion of the path, otherwife we muft again 

fuppofe that the defleftion is fubfultory, and the mo- 

tion angular. . 
But while the inveftigation is fo eafy when the direc- 113, 

tion and intenfity of the defleding force in every point 

of the curve are known, the inveftigation of the deflec¬ 

ting force from the obferved motion is by no means 

eafy. The obferved curvilineal motion always arifes 

from a compofition of a uniform motion in the tangent 

with fome tranfverfe motion. But the fame curvilineal 

motion may be produced by compounding the uniform 

motion in the tangent with an infinity of tranfverfe mo¬ 

tions ; and the law of adion will be different in thefe 

tranfverfe motions according as their diredions differ. 

We muff learn, not only the intenfity of the defle&ing 

force, and the law of its variation, but alfo its diredion 

in every poiut of the curve. It is not eafy to find ge¬ 

neral rules for difeovering the diredion of the tranfverfe 

force; moff commonly this is indicated by extrinfic cir- 

cumftances. The defleding force is frequently obfer¬ 

ved to rebde in, or to accompany, fome other body. It 

may be prefumed, therefore, that it ads in the direc¬ 

tion of the line drawn to or from that body ; yet even 

this is uncertain. The moff general rule for this mvef- 

tio-ation is to obferve the place of the body at feveral 

intervals of time before and after its puffing through the 

point of the curve, where we are intereffed to find its 

precife diredion. We then draw lines, joining thofe 

places with the places of the tangent where the body 

would have been by the uniform motion only. . We lhall 

perham obferve thefe lines of jundion keep in parallel 

poiitions : we may be affured that the diredion of the 

tranfverfe force is the fame with that of any of thete 

lines. This is the cafe in the example juft now given 

of a parabolic motion. But when thefe lines change 

pofition, they will change it gradually ; and their pofi- 

tion in the point of contad is that to which their poii¬ 

tions on both fidJcs of it gradually approximate. 

But all this is deftitute of the precifion requmte in 

philofophical difeufiion. We are indebted to Sir Ifaac 

Newton for a theorem which afeertains the diredion of 

the tranfvetfe force with all exadnefs, in the. cafes in 

which we moff of all wifh to attain mathematical accu¬ 

racy, and which not Only opened the accefs to thofe 

difeoveries which have immortalifed his name, but alfo 

pointed out to him the path he was to follow, and even 

marked liis firft fteps. It therefore merits a very par¬ 

ticular treatment. i*4 
If a body deferibes a curve line ABC, DEE (rig.Newtons 

21.) lying in one plane ; and if there be a point S fofundanwn^ 

fituated in this plane that the line joining it with tiielor 

body deferibes areas ASB, ASC, ASD, &c. propor-re(c>.;on 0fa 

tional to the times in which the body deferibes thejefleiting 

arches AB, AC, AD, &c. the force which defleds thetorce. 

body from redilineal motion is continually direded to 

the fixed point S. 



Of Defied- Let us nr(l fuppofc that the body defcribes the po- 
ing Forces jyg-on ABCDEF, &c. formed of the chords AB, BC, 

CD, DE, EF, 8cc, of this curve : and (for greater 
fimplicity of argument) let us confider areas deferibed 
in equal fucceflive times ; that is, let us fuppofe that 
the triangles ASB, BSC, CSD, See, are equal, and de¬ 
feribed in equal times. Make B c =. AB, and draw 
c S. 

Areas =*= to Had the motion AB fuffered no change in the point 
the times the body WOuld have deferibed Be in the equal mo- 

'central6 ment Succeeding the firft ; but it defcribes BC. The 
forces. body has therefore been defle&ed by an external force ; 

'■and BC is the diagonal of a parallelogram (n° 45, 46.), 
of which B c is one fide, and c C is another. The de¬ 

flecting force will be difeovered, both in refpedt of di¬ 
rection and intenfity, by completing the parallelogram 

BcCb. B I, is the fpace which the defecting force 
would have caufed the body to deferibe in the time 
that it defcribes B c or BC. Becaufe B c is equal to 
BA, the triangles BSc, BSA are equal. But (by the 
nature of the motion) BSA is equal to BSC. There¬ 
fore the triangles BSC and BSc are equal. They are 
alfo on the fame bafe BS ; therefore they lie between 
the fame parallels, and Cc is parallel to SB. But c C 
is parallel to B b. Therefore Bb coincides with BS, 
and the defle&ing force at B is dire&ed toward S. 
By the fame argument, the defle&ing force at the 
angles D, E, F, &c. is directed to S. 

Now, let the fides of the polygon be diminifhed, and 
their number increafed without end. The demonftra- 
tion remains the fame; and continues, when the polygon 
finally coalefces with the curve, and the defle&ion is 
continual. 

When areas are deferibed proportional to the times, 
equal areas are deferibed in equal times ; and therefore 
the defleCtion is always directed to S. Q^E. D. 

Centre of The point S may, with great propriety of language, 
deflexion, be called the Centre of Deflection, or the Cen- 

entre 0 tre of Forces ; and forces which are thus continual¬ 
ly directed to one fixed point, may be diftinguifhed 
from other deflecting forces by the name Central 
Forces. 

The line joining the centre of forces with the body, 
and which may be conceived as a ftiffline, carrying the 

Radiusvec-body round, is ufually named the Radius Vector. 

tor* The coitverfe of this propofition, vfz. that if the de¬ 

cent ralfor- fie&ing forces be always dire&ed to S, the motion is 
ces produce performed in one plane, in which S is fituated, and 
areas pro- areas are deferibed proportional to the times—is eafily 

sh°-Tmeit0d.em°nftrated b}- reverfin£ the fteps "f this detnonftra- 
tion. The motion will be in the plane of the lines SB 
and Be; becaufe the diagonal BC of the parallelogram 
of forces is in the plane of the fides. Areas are de¬ 
feribed proportional to the times; for C c being pa¬ 
rallel to SB, the triangles SCB and S c B are equal; 

Il5 and therefore vSCB and SAB are equal, &c. &c. 

Velocity Is *• When a body defcribes areas round S pro- 
xnverfely a-portional to the times, or when it is continually deflec- 

*Wted toward S, or a&ed on by a tranfverfe force dire&ed 
lcu ar to S, the velocities in the different points A and E of 

the curve are inverfely proportional to the perpendicu¬ 
lars Sr and S/, drawn from the centre of forces to the 
tangents in thofe points; that is, to the perpendiculars 
from the centre on the momentary dire&ions of the 

motion ; For fmcc the triangles ASB, ESF are equal, 

DYNAMICS. 939 
their bafes AB, EF are inverfely as their altitudes Sr, Of Defied- 
S/. But thefe bafes, being deferibed in equal times, hlS *orcc* 
are as the velocities ; and they ultimately coincide with ~ v-™' 
the tangents at A and E. 

Cor. 2. If B a and F* be drawn perpendicular to ny. 

SA and SE, we have SA X B * = SE X F.and 
SA : SE =r F * : B « : For SA X B * is double of the 
triangle BSA, and SE X F * is double of the equal 
triangle SFE. 1 

r iS 

forces. 
Central 
forces. 

, 1— 

ocular 
from the 
centre. 

Cor. 3. The angular velocity round S, that l's, the Angular 
magnitude of the angle deferibed in equal times by the veioc‘:>'!* 
radius veftor, is inverfely proportional to the fquare 0fTt.rfL'ly a9 

the d](lance from Lor when the arches AB, EF<.f the 'if_ 
are diminifhed continually, the perpendiculars B a andtance from 
F i will ultimately coincide with arches deferibed round the centre 
S with the radii SB and SF. Now the magnitude 

an angle is proportional to the length of the arch which 
nieafures it diredly, and to the radius of the arch in- 
verfely. In any circle, an arch of two inches long mea- 
fures twice as many degrees as an arch one inch long} 
and an arch an inch long contains twice as many de¬ 
grees of a circle whofe radius is twice as fhort. There¬ 
fore, ultimately, the angle ASB is to the angle ESF 
as B “ to F i, and as SF to SB jointly ; that is, as B * 

X.SF„t“ F SB- B , : F , = SE : SA {Cor. 
2.) 1 herefore ASB : ESF =SEx SF : SB X S A, 
=: ultimately SE2: SB2. 

This corollary gives us an oftenfible mark, in many 
very important cafes, of the aftion of a defle&ino- force 
being always direfted to a fixed point. We ar°e often 

able to meafure the angular motion when we cannot 
meafure the real velocities. 

Having thus difeovered the chief circumilances which Intimate * 
enable us to afeertain the diredtion of the defle&ing connexion 

force, we proceed to inveftigate the quantity of this de- f ^na- 
flective determination in the different points of a curvi-T'cla\d 
lineal motion This is a more difficult talk. The 
mentary effeft of the deflecting force is a fmall devia- 

ti°n the tangent; and this deviation is made with 
an accelerated motion. The law of this acceleration 
regulates the curvature of the path, and is to be deter- 
nimed by it. We may be allowed to obferve by the 
way, that it appears clearly from the form in which 

Newton has prefented all his dynamical theorems, that 
we are indebted to thefe problems for the immenfe im¬ 
provement which he has made in geometry by his in. 
vent.on of fluxions. The purpofes lie had in view fug- 
geited to his penetrating mind the means for attaining- 

them; and the connection between dynamics and geo¬ 
metry is fo intimate, that the fame theorems are in a 

manner common to both. This is particularly the cafe 
in all that relates to curvature. Or fhall we fay that the 

geometry of Dr Barrow fuggefted the dynamical theo¬ 
rems to Newton ? We have feen how the curvature of a 
parabola is produced by a force aftiug uniformly The 
momentary aftion of all finite forces may be confidercd 
as uniform ; and therefore the curvature will be that of 
fome portion of feme parabola; but it will be difficult to 
determine the precife degree without fome farther help 

We are bed acquainted with the properties of the circle 
and will have the cleared notions of the curvature of 
other curves by comparing them with circles 

The curvature of a circular arch of given'length is Meafure of 
fo much greater as Us radius is fhorter ; for it will con-curvature, 

tain fo many more degrees in the fame length; and 

3^2 therefore 

V 
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Of Deficit therefore the change of direftion of its extremities is fo 
ing Forces. greater. Curvatures may always be meafured 
--v- by the length of the arch directly and the radius in- 

verfely. 
Evolmion Suppofe a thread made fall at one end of a material 
and invoiu-curve ABCD (fig 22 ), and applied to it in its whole 
tion of length. Taking hold of its extremity D, unfold it gra- 
CUfVes dually from the curve DCBA ; the extremity D will 

defcribe another curve D cba. This geometrical ope¬ 
ration is called the Evolution of curves, and Deb a 
is called the Evolute of DCB A, which is called the 
Involute of D c b a. Perhaps this denomination has 
been given from the genefis of the area or furface con¬ 
tained by the two lines, which is folded up and unfold¬ 
ed fomewhat like a fan. When the describing point is 
in b, the thread b B is, undoubtedly, the momentary 
radius of a circle e b f whofe centre is B, the point of 
the involute which it is juft going to quit. The mo¬ 
mentary motion of b is the fame, whether it is defen- 

bing an arch'of the evolute palling through b, or an 
arch of a circle round the centre B. The fame lme 
bt9 perpendicular to the thread b B,'touches the circle 
ebf and the curve D ba in the point b. This circle 
e bf mu ft lie within the curve Dbd on the fide of b B 
toward a; becaufe on this fide the momentary radius is 
continually increafing. For fimilar reafons, the circle 
ebf lies without the curve on the other fide of b B. 

Therefore, the circle ebf both touches and cuts the 
curve D b a in the points. Moreover, becaufe every 
portion of the curve between b and D is deferibed with 
radii that are fhorter than b B, it mult be more incur- 
vated than any portion of the circle e bf. For fimilar 
reafons, every portion of the curve between b and a 
muft be lefs incurvated than this circle ; therefore the 
circle has that precife degree of curvature that belongs 
to the curve in the point b ; it is therefore called the 

Circle cf EauicURvE Circle, or the Circle of Curvature, 

S^Tcurve and B is called the centre, and B * the Radius of 

circle. Curvature. It is eafy to perceive that no ciicle can 
be deferibed which fhall touch the curve in b, and come 
between it and the circle ebf; for its centre muft be 
in fome point i of the radius b B. If ib be lefs than 
B b, it muft fall within the curve on both fides of b, 
and if i b is greater than B b, the circle muft fall with¬ 
out the curve on both Tides of B b. The circle e bf 
lies clofer to the curve, has clofer contact with it than 
any other, and has therefore got the whimfical name 
of Osculating Circle; and this fort of contad was 

called Osculation. 

This view of the genefis of curve lines is of particu¬ 
lar ufe in dynamical difcufilons. It exhibits to the eye 
the perfed famenefs of the momentary motion,, and 
therefore of the momentary defledion, in the curve and 
in the equicurve circle, and leaves the mind without a 
doubt but that the forces which produce the one will 
produce the other. A great variety of curves may be 
deferibed in this way. If perpendiculars be drawn to 
the curve D b a in every point, they will interfed each 
other, each its immediate neighbour, in the circumfe¬ 
rence of the curve DBA: and geometry teaches us how 
to find the curve DBA which (hall produce the curve 
D b a by evolution. See Evolution and Involution, 

Supplement. 
It is a matter worthy of remark, that the path of a 

body that 1*3 defleded from redilineal motion by a Ji- 

M 1 c s. 
nite force, varying according to any law whatever, may Of Def!et5U 
always be deferibed by evolution. This includes almoft*n^ F°rces» 
every cafe of the adion of deflediiig forces ; none be- w~ f 
ing excepted but when, by the oppofite adion of diffe¬ 
rent forces, the body is in equilibrio in one fingle point 
of its path. 

Our tafk is now brought within a very narrow com- 

pafs, namely, to meafure the defledion in the arch of a 
circle. 

Had the motion reprefented in fig. 21. been poly¬ 
gonal, it is plain that the defleding force in the point 
B is to that in the point E as the diagonal B b of the 
parallelogram ABC£ to the diagonal Ei of the pa¬ 
rallelogram DEF1 ; therefore let ABCZY be a circle 
palling through the points A, B, and C, and let the 
radius vedor BS cut the circumference in Z ; draw 
AZ, CZ, and the diagonal AC, which neceffarily bi- 
feds and is bifeded by the diagonal B b. The tri¬ 
angles £BC and CBZ are fimilar ; for the angle C b B 
is equal to the alternate angle AB b or ABZ, which 
is equal to the ACZ, handing on the fame chord 
AZ. And the angle CB b, or CBZ, is equal to CAZ, 
(landing on the fame chord CZ ; therefore the re¬ 
maining angle b CB is equal to the remaining angle 
AZC; therefore ZA is to AC as BC to B/», and B£ 

ACXBC 
In like manner E i = 

DFxEF 

Dz AZ 
Now let the points A and C continually approach, 

and ultimately coalefce with B ; it is evident that the 
circle ABCZY is ulimately the equicurve or coinci¬ 
ding circle at the point B, and that AS ultimately coa- 
lefces with, and is equal to, BS, and that AC X BC 
is ultimately 2BC2; therefore ultimately Bb : Ei = 

2BC2 . 2EF2 _ BCF . EFZ 

BZ 1 * °r ~ 4BZ ’ 4-E* 
Now BC and EF being deferibed in equal times, are Meafure ot 

as the velocities: B and Ei are the meafures of the defieding^ 
velocities which the deftedive forces at B and E would force?, 

generate in the time that the body deferibes BC or 
EF, and are therefore the meafures of thofe forces. 
They are as the fquares of the velocities dire Elly, and in- 
verfely as thofe chords of the equicurve circles which have 

the directions of the defle Elion. 
Obferve, that B b or E i is the third proportional to 

half of the chord and the arch deferibed ; for B b : BC 

2 

It is evident that as the arches AB, BC, conti¬ 
nually diminifh, AC is ultimately parallel to the tan¬ 
gent B r, and BO is equal to the adual defledion from 

the tangent. The triangles BOC and AOZ are fnni- 
OC2 BC1 

lar, and BO or ultimately We may 
CJ Ej JjZ. 

meafure the^ forces by the adual defledions, becaufe 
they are the halves of the meafures of the generated 

velocities ; and we may fay that I2Q 
The atlual momentary dejleElion from the tangent is a third Meafure o± 

proportional to the dejleElive chord of the equicurve circle defledion. 

and the arch deferibed during the moment. 

Either of thefe meafures may be taken, but we muft Caution, 

take care not to confound them. The firft is the 
moil proper, becaufe the change produced on the body 
(which is the immediate effed and meafure of the force) 

is the determination, left inherent in it, to move with 
& 
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Of DeflcA a certain velocity. This is the meafure alfo which we 

Force?. obtain by means of the differential or flux ion ary cal¬ 

culus ; but the other meafure mull be obtained when 
our immediate objedl is to mark the adlual path of the 
body. What is now delivered coincides with what 
was more briefly flated in Astronomy, SuppL n° 16. 
and is repeated in this place, beeaufe the fteps of this 
demonftration, which is Newton’s, fo naturally termi¬ 
nate in the equicurve circle, and give at once the im¬ 
mediate meafure of the deflefting force : at the fame 
time the reader mud perceive that this meafure does 
not depend on the force being always directed to one 
centre ; it is enough that the two fides of the polygon, 
in immediate fuecefTion, are deferibed in equal times. 
This is neceffary in order that ABC b may be a paral¬ 
lelogram, and that the diagonals AC and B b may mu¬ 
tually bifedt each other. 

Thus have we obtained a meafure of defle&ing force, 
and, in the moll important cafes, a method of difcover- 
ing its diredlion. It only remains to point out the re¬ 
lation between the intenfity of the force, the curvature 
of the path, and the velocity of the motion. Thefe 
three circumftances have a neceffary connection ; for 
we fee that the intenfity is expreffed by certain values 

of the other two in the formula f == -tfti-or f 
J • 4 Chord J 

2 BC 
— * ”* The defle&ive velocity B b is acquired in 

the time that the body deferibes BC ; therefore the 
defle&ive velocity is to the velocity in the curve as B b 
to BC. . The velocity B b is acquired by an accelera¬ 
ted motion along BO ; for while, by progreflive mo¬ 
tion, the body deferibes BC, it defleds from the tan¬ 
gent through a fpaee equal to the half of B b, beeaufe 
the momentary a&ion of the deflecting force may be 
confidered as uniform. The progreflive velocity BC 
may be generated by the fame force, uniformly adling 
through a fpaee greater than BC ; call this fpaee x. 
The fpaees along which a body mull be uniformly im¬ 
pelled in order to acquire different velocities, are as the 
fquSres of thofe velocities ; therefore B b* : BC2 = 

B o : x ; but B b : BC ~ BC : 4 BZ ; therefore J3 b2 : 
BC 2 = B b : 4 BZ, and B b : 4 BZ ~ B o : *, and 
B £ : B o ~ 4 BZ : x ; but B o is 4 of, B b ; therefore 
x is 4 of BZ ; that is, 

m. The velocity in any point of a curvilincal path, is that 

which the deflecting forces in that point would generate in 

the body by impelling it uniformly along one fourth part of 

the defective chord of the equicurve circle. If the velo¬ 
city increafe, the chord of the equicurve circle mull 
increafe ; that is, the path becomes lefs incurvated. If 
the force he increafed, the curvature will alfo increafe, 
for the chord of curvature will be lefs. 

There is another general obfervation to be made on 
the velocity of a curvilineal motion, which greatly af- 

Ia2r fills us in our invefligations. 

Compart- If a body deferibes a curve by the action of a force 

fon of orbi always direCled to a fxed point, and varying according to 

S any ProPortion whatever of the difances from that point, 
_ . • /tfj r§ a 4- /f m r\4-1*\ o ** /i W/n Cl ^ J Z ., j / . f*: • 1 
approach toan^ tf an other body, aided on ~by the ''fame centripetal (fee n° 102.). 
the centre, force, move toward the centre in a fraight line, and if 

t in any one cafe of equal difances from the centre of force 
the two bodies have equal velocities, they will have equal 

velocities in every other cafe of equal difances from the 
centre. 
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Let one body be impelled from A (fig. 23.) toward Of Defled- 

C along the flraight line AVDEC, and let another be *n8 Forces, 

defledled along the curve line VIK k. About the cen-' 
tre C deferibe concentric arches ID, KE, very near to 
each other, and cutting the curve in I and K, and the 
line AC ip I) and E ; draw 1C, cutting KE in N, 

and draw NT perpendicular to the arch IK of the 
curve, and complete the parallelogram ITNO. Let 

the bodies be fuppofed to have equal velocities at I and 
at D. 

*1 hen, beeaufe the centripetal forces are fuppofed to 
be the fame for both bodies when they are at equal 

dillances, the accelerating forces at I) and I may be 
re prefen ted by the equal lines DE and IN ; but the 
force IN is not wholly employed in accelerating the 
body along the arch IK, but, adling tranfverfely, it is 
partly employed in incurvating the path. It is equi¬ 
valent to the two forces 10 and IT, 01 which only IT 
accelerates the body. Now IKN is a right-angled tri¬ 
angle, as is alfo the triangle INT ; and theyr are iimilar; 

therefore IN : IT - IK: IN, or DE : IT = IK : DE; 
that is, the force which accelerates the body along DE 
is to the force which accelerates the body along IK as 
the fpaee IK is to the fpaee DE ; therefore (n° 86.) 
the increment of the fquare of the velocity acquired 
along DE is equal to the increment of the fquare of 
the velocity acquired along IK. But the velocities at 
D and I were equal, and confequer.tly their fquares 
were equal ; and thefe having received equal increments, 
therefore the fquares of the velocities at E and K are 
equal, and the velocities themfelves are equal. And 
fince this is the cafe in all the correfponding points of 
the line AC and the curve VIK, the velocities at ail 
equal diflances from C will be equal. 

It it evident that the conchilion will be the fame, if 
the bodies, inftead of being accelerated by approaching 
the centre 111 the flraight line AC, and in the curve 
VIK, are moving in the oppofite dire&ions from E to 
A, or from I to V, and are therefore retarded by the 
centripetal force. 

123 
Cor. Hence it follows, that if a body be proje&ed Retarded 

from any point, fuch as V, of the curve, in a line tend-curv.ilinef 

ing flraight from the centre, with the velocity which it^ysTc- 
had in that point of the curve, it would go to a diftance compared 
VA, fuch, that if it were impelled along AV by thehyreccfs 

centripetal force, it would acquire its former velocity in^rom t*ie 
the point V ; alfo in any point between V and A itcemie‘ 
will have the iame velocity in its recefs from the centre 
that it has there in its approach to the centre. 

The line BLFG, whofe ordinates are as the intend-, 
ties of the centripetal force in A, V, D, E, or in A, 
V, I, K, may be called the scale or exponent of 
force ; the areas bounded by the ordinates AB, VL, 
Dr, EG, &c. drawn from any two points of the axis, 
are as the fquares of the velocity acquired by accelera¬ 
tion along the intercepted part of the axis, or in any 
curvilineal path, while the body approaches the centre? 
or which are loft while the body retires from it. When 

we can compute thefe areas we obtain the velocities 

We are now in a condition to folve the chief pro¬ 
blem in the feience of dynamics, to which the whole of 

it is, in a great meafure, fubfervient. The problem is- 
this,. 

Let a body be projected with a known velocity from» 
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a given point and in a given direction, and let it be un¬ 
der the influence of a mechanical force, wliofe diredion, 
intenfity, and variation, are all known : it is required to 
determine its path, and its motion in this path, for any 

given time ? 
This problem is fufceptible of three diflind claffes of 

conditions, which require different invefligation. 

i. The force may ad in one conflant diredion ; that 

is, in parallel lines. 
2. The force may be always direded to a fixed 

point. 
3. It may be direded to a point which is continually 

-changing its place. 

1. When the force ads in parallel lines, the problem 
is folved by compounding the redilineal accelerated 
motion which the force would produce in its own direc¬ 
tion with the uniform motion which the projedion a- 
3one would have produced. The motion mufl be cur- 
vilineal, when the accelerating force is tranfverfe, in 
any degree whatever, to the projectile motion ; and the 
curvilineal path mufl be concave on that fide to which 
the deflecting force tends ; for the force is fuppofed to 
aCt inceffantly. The place of the body will be had for 
any time, by finding where the body would have been 
at the end of that time by each force aCting alone, and 
by completing the parallelogram. Thus, fuppofe a bo¬ 
dy projected along AB (fig. 20.) while it is continual¬ 
ly aCted on by a force whofe direction is AD. Let D 
and B be the places where the body would be at the 
end of a given time. Then the body will at the end 
of that time be in F, the oppofite angle of the paral¬ 
lelogram ABFD. But it has not deferibed the diago¬ 
nal AF ; becaufe its motion has been curvilineal, as we 
Thall find by determining its place at other inflants of 

this time. 
The velocity in any point F is found by firft deter¬ 

mining the velocity at D, and making DT to DF as 
the velocity at D to the velocity at B (that is, the ve¬ 
locity of projection, becaufe the motion along AB is 
uniform). Then draw TF. Then AB is to TF as 
the conflant velocity of projection to the velocity at F. 
We have feen already (no 11 2—119.) that TF is a tan¬ 
gent to the curve in F. Hence we may determine the 
velocity at F in another way. Having determined the 
form of the path in the way already deferibed, by find¬ 
ing its different points, draw the tangent F df cutting 
the line DA in d. Then the velocity at A is to that 
at F as AB to d F. Hence alfo we fee, that the velo¬ 
cities in every point of the curve are proportional to the 
portion of the tangents at thofe points which are inter¬ 
cepted between any two lines parallel to AD. 

Either of thefe methods for afeertaining the velocity, 

in this cafe of parallel defleCtions, will in general be 
eafier than the general method in n° 121. by the equi- 

curve circle. 
It was thus that Galileo difeovered the parabolic mo¬ 

tion or heavy bodies. 
tnve.fepro- 2 We mufl confider the motions of bodies affeCted 
Mem of by centripetal or centrifugal forces, always tending to 

forces*561^ one P°*nt* This is the celebrated itiverfe problem 
of centripetal forces, and is the 42d propofition of the 
•firft book of Newton’s Principia. We fhall give the 
•folutioii after the manner of its illultrious author ; be¬ 

caufe it is elementary, in the pure ft fenfe of the word, 
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thefe only, namely, the motion of approach and recefs*u£ FoiC^ 
from the centre, and the motion of revolution. By ^ 
this judicious procefs, it becomes a pattern by which 
more refined, and, in fome refpeds, better folutions 
fhould be modelled. At the fame time we fhall fupply 
fome fteps of the invefligation which his elegant concife- 
nefs has made him omit. 

Let a body, which tends to C (fig. 24 ) with a force 125. 
proportional to the ordinates of the exponent BLFG, 
having the axis CA, be projected from V in the direc¬ 
tion VQ , with the velocity which the centripetal force 
would generate ill it by accelerating it along AV It 
is required to determine the path or orbit V1KI of the 
body, and its place 1 in this orbit, at the end of the af- 
figned time T ? 

Suppofe the thing done, and that I is the place of 
the body. About the centre C, with the diflances CV 
and Cl, deferibe the circles YV and ID. Draw CIX 
to the circumference, and draw the ordinate DF of the 
exponent of forces, producing it toward x, and produce 
the ordinate VL toward a. Let V / be the diftance to 
which the body would go along the tangent VQJn 
the time T, and join t C. Let this be fuppofed done 
for every point of the curve. Let a i k and axy be 
two curves fo related to the curve VIK, that the ordi¬ 
nate DF cuts off an area V a i D equal to the orbital 
fedor VCI, and an area V a x D equal to the circular 

fedor VCX. 
Then, becaufe the velocity of projedion is given, 

the diftance V t is known, and the area of the triangle 
VC t. But this is equal to the area VCI, by the laws 
of central forces (n° 115.)* Therefore the area Va/D 
is given. Alfo, becaufe the area VCI increafes in the 
proportion of the time, the area V a i D increafes at the 
fame rate. Therefore having thefe fubfidiary curves 
a i i, axy, the problem is folved as follows : 

Draw an ordinate D 1, cutting off an area V a i D 
proportional to the time, and deferibe a circle DIR. 
Then draw a line CX, cutting off a fedor VCX, equal 
to the area VaxD cut off by the ordinate D i x. This 
line will cut the circle DR in tlie point I, which is the 
point of the orbit that was demanded. 

But the chief difficulty of the problem confifts in the 
defeription of the two fubfidiary curves a i k and a x y, 
into which the lines VIK and VXY are transformed. 
We attain this couflrudion by refolving the motion in 
the arch of the orbit into two motions, one of which 
is in the diredion of the tranfverfe force, or of the ra¬ 
dius Vedor, and the other is in the diredion of revolu¬ 
tion, or perpendicular to the radius. 

Let V k and IK be two very fmall arches deferibed 
in equal moments, and therefore ultimately in the ratio 

of the velocities in V and I (n° 73.). Deferibe the 
circle KE, cutting IC in N. Draw KC and k C, and 
k n perpendicular to VC. 

_ , T^Tr r , . . ICXKN 
The element ICK of the orbit is —--, or 

to 4 IC X KN. This is equal to the element D i k E 
of the area V a i D, or to D i X DE, or to D i X IN. 

Therefore IN : KN 1= 4 IC : D i, or 2 IN : KN =s 
_ _ ^ _ IC X KN 
IC : D t, and D 1 = —2TN—* 

Now let A Ifg h be the exponent of the velocities, 
that 
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inyFo'xe^. ABF1X or y /. p f - t/ABLV : a/ABFD. Make 

V v and I i in the tangents refpe&ively equal to V / 
and D /. Draw v u and i o perpendicular to VC and 
IC, and v m perpendicular to LV produced. Let 
m r % be an equilateral hyperbola, having VC, ZC, for 
its afTymptotes, and cutting FD produced in r. Then 
the ordinates V m, D r9 are inverfely proportional to 
CV, CD, or V^:Dr= CD : CV, = Cl : CV. But 
becaufe the momentary fedtors VC k and ICK are equal, 
k n : KN =r Cl : CV. Therefore, 

Vi»:Dr = f«: KN 
but V v : V m = V k : k n 

and I i (or D/) : V *> = IK : V* 
therefore I i : D r = IK : KN 
but I i : i o sz IK : KN, by fim. triang. 

Therefore D r = i o> and i o : V m = VC : Cl. 
Alfo, by fimilarity of triangles, I o : i o zr IN : KN, 

and 2 I o : t o =r 2 IN : KN. 
Now it was {hewn, that in order that the fpace 

D i k E may be equal to the fpace ICK, we mull have 

2 IN : KN = IC : D i 
or 2 I o : i o zz IC : D / 
but i o : V m =i VC : IC 
therefore 2 I o : V m = VC : D i 

, _ . VC XV m 
and D i = --^-• 

2 I 0 

Having obtained D i9 we eafily get D x ; for the ul¬ 
timate ratio of ICK to XCY is that of 1C1 to VC1. 
Therefore make 

1C2 : VC2 = D i : D 
Thus are the points of the two fubfidiary curves 

a iky axy9 determined. 

The redlangle VC X V m is a conftant magnitude ; 
and is given, becaufe VC is given, and V m is the given 
velocity V /, diminilhed in the ratio of radius to the fine 
of the given angle CVQ^ 

But the line 2 I o is of variable magnitude, but it is 
alfo given, by means of known quantities. I oz is 

= I n-i o2=z DP- D r\ and I o = a/15/*—IV. 

Moreover, D/a = ABFD, and D ^ 1C2 

Therefore 2 I 5 =2 J- ABFD — 
VC1 X V m2 

IC2 

known prefled in known quantities, becaufe ABFD is 
from the nature of the centripetel force. 

Let the indeterminate diftance Cl or CD be r= x9 
and let the ordinate DF, expreiling the force, he y. Let 
VC be a, and V m be c9 and let ab be a rectangle equal 
to the whole area of the exponent of force lying be¬ 
tween the ordinate AB and the ordinate CZ, fo that 

ab-fy x may reprefent the indeterminate area 

ABFD. 
a c 

We have D i r= 

and D x zz 

yr . a'L c2 
ab-Jy x 

a* c 

ab-fy'x -Af 

Remark. We have hitherto fuppofed that the ve¬ 
locity of projection is acquired by acceleration along 

AV. But this.was merely for greater fimplicity of ar- 
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gument, and that the final values of D l and D x might Of Defied* 
be eafier conceived. In whatever way the velocity is jn£ Forces.^ 

acquired, it will Hill be true, that when in any point V P 
we make V / to V rti as the momentary increment V k 
of the arch is to the perpendicular k n on the radius vec¬ 
tor, we lhall have in every other point, fnch as I, the 
line D/to the line D r as the increment IK of the 
arch to KN. And in the final equation D f will Hill 

be exprefied by a/ a b —Jy x‘ 

Cor. i. The angle which the path of the proje&ile u6* 
makes with the radius vedtor is determined by this fo- 
lution ; for I i is to i o as radius to the fine of this 

a c 
angle ; which fine is therefore = -7============ 

0 *‘Sab-fyx. 

Cor. 2. When the magnitude is equal to 

a b —J'y Xi the path is perpendicular to the radius vec* ApfideVde- 

tor, and the body is a tone of the aplides of its orbit, andtermine^* 
begins to recede from the centre after having approach¬ 

ed to it, or begins to approach after having receded. 3ag 

Cor. 3. The curvature of the orbit VIK is alfo de-And cum- 
termined in every point; for the curvature of any lineture- 
is inverfely as the radius of the equicurve circle, and 
this is to the chord which paffes through C as radius to 
the fine of the angle Cl /. Becaufe the velocity in any 

point I is == ABFD, and is equal to what the centri¬ 
petal force at I would produce, by impelling the body 

along £th of the delle&ive chord of the equicurve circle, 

, , . , , ABFD ^ 
we have this chord = 4 Or we obtain it by 

taking a third proportional to the momentary deflexion 
and the momentary arch of the curve, or by other pvo- 
ceffes of the higher geometry, all proceeding on the 
quantities furnifhed in this invefligation. 

Such is the folution of this celebrated problem given Newto?nifte 
by Sir Ifaac Newton, who may jullly be called the in-inventor* 
ventor of the fcience of which it is the chief refillt, as 
well as of the geometry, by help of which it is pro- 
fecuted. For we cannot give this glory to Galileo ; 
for his fimple problem of the motion of bodies affected 
by uniform and parallel gravity, however juft and ele¬ 
gant his folution may be, was peculiar; and the fame 
mu ft be faid of Mr Hnyghens’s dodtrine of centrifugal 
forces. Befides, thefe theorems had been inveftigated 
by Newton feveral years before, fua mathefi facem pre- 

firenUy as corollaries which he could not pafs annoticed*. 
from his general method. This is proved by letters . 
from Huyghens. Newton’s invefligation is extremely,, 
but elegantly, concife, and is one of the beft exertions 
of liis fagacious mind. 

Whether we confider this problem as a piece of mere Hiftorvo*? 
mathematical Speculation, or attend to its coufequences, this pro-* 
which include the whole of the celeftial motions in allblem. 
their extent and complication, we lnuft allow it to be 
highly interefting, and likely to engage much attention 
in the period of ardent inquiry which clofed the laft 
century. Accordingly, it was no fooner known, by 

the publication of the Mathematical Principles of Na¬ 
tural Philojophy in 3 686, than it occupied the. talents 
of the moll eminent mathematicians; and many folu- 
tions were publifhed, fome-of which differ conftderably 
from Newton’s ; fome are more expeditious, and better 

fitted.for computation. Of thefe, the mo ft remarkable 
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Of Deflect-fot* originality and ingenuity are tliofe of de Moivre, 
ing- Forces. Hermann, Keill, and Stewart. The lad differs mod 

1 v from the methods purfued by othets. M'Laurin s pro¬ 
portions on this fubjeX, and in that part of his fluxions 

which treats of curvature, are highly valuable, claffmg 
the chief affeXions of curvilineal motions geometrical¬ 
ly, as they are fuggefted by the fluxionary method ; 
and then (hewing, in a very inftruXive manner, the con¬ 
nexion between thefe mathematical affeXions of motion 
and the powers of nature which produce them. This 
part of his excellent work is a fine example of the real 
nature of all inquiries in dynamics ; (hewing that it dif¬ 
fers from geometry little more than in the language, in 
which the word force is fubflituted for acceleration, re¬ 
tardation, or dejleftion. We recommend the careful per- 
ufal of thefe propofitions to all who wifh to have clear 
conceptions of the fubjeX. Dr John Keill and Dr 
Horfeley (bifhop of Rochefler) have given particular 

treatifes on the motions of bodies defleXed by centripe¬ 
tal forces inverfely proportional to the cubes of the dis¬ 
tances ; induced by the Angular motions which refillt 
from this law of aXion, and the multitude of beautiful 
propofitions which they fugged to the mathematician. 
Newton, indeed, fird perceived both of thefe peculiari¬ 
ties, and has begun this branch of the general problem. 
He firfl demonflrated the defeription of the logarithmic 
and hyperbolic fpirals, and indicated a variety of curi- 
ous recurring elliptical fpirals, which would he deferi- 
bed by means of this force, and (hewing that they are 
all fufceptible of accurate quadrature. Several of thofe 
authors alfeX to confidcr their folutions as more per- 
feX than Newton’s, and as more immediately indica¬ 
ting the remarkable properties of fuch motions; and alfo 
affeX to have deduced them from different and original 
principles. But we cannot help faying, that their claims 
to fuperiority are very ill founded ; there is not a prin 
ciple made ufe of in their folutions which was not 
pointed out by Newton, and employed by him. The 
appearance of originality arifes from their having taken 
a more particular concern in fome general property of, 
curvilineal motions ; fuch as the curvature, the centri¬ 
fugal force, &c. and the making that the leading (lep of* 
their procefs. But Newton’s is dill the bed ; becaufe it 
is driXly elementary, aiming at the two leading cir- 
cumdances, the motion to or from the centre, and the 
motion of revolution round that centre. To thefe two 
purpofes he adapted his two fubfidiary curves. This 
procedure became Newton, pater, et/ rerum inventor, 
who was teaching the world, and who might fay, 

Avia Pieridum peragro loca, tiullius ante 

Trita pede- 

Is it not furprifing, that 25 years after the publica¬ 
tion of Newton’s Principia, a mathematician on the 
continent (hould pnbli(h a folution in the Memoirs of 
the French academy, and boad that he had given the 
fird demondration of it ? Yet John Bernoulli did this 
in 1710. Is it not more remarkable that this (hould 
be precifely the folution given by Newton, beginning 
from the fame theorem, the 40th I. Prin. following 
Newton in every dep, and ufing the fame fubfidiary 
lines ? Yet fo it is. Bernoulli aXually reduces the whole 

a c 
to tvro funXions; namely," 

Singular 
boaft of 
John Ber. 
iioulli. 

ah —p5 * — 
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and /---- 
Jab s' 

_ . 1 . Of Defied* 
which lad ising Forces, 

Q X CX* 
plainly the fame with Newton’s -r~2—7^=—=~— 
* 3 A v'ABDF — Z!5 

Q # a p 
becaufe Newton’s~~is the fame with *—,andNewton’s 

A x _ 

A*\/ABFD —Z2 is the fame with xx Jab-JfK 

— cd cl 
- --—, which Bernoulli has changed (apparently to hide 

the borrowing) into a b x4 —j 1 x4 m a2 c2 x2. 

This publication of Bernoulli is perhaps the mod impu¬ 
dent piece of literary robbery, for theft is too mild a term, 

that has ever appeared; and is the more deferving of 
fevere reprehenfion, becaufe it is full of refleXions on 
the Ample and fupremely elegant method of Newton. It 
is hardly conceivable that a perfon of Bernoulli’s con- 
fummate mathematical knowlege was fo much blinded 
by the mechanical procedure of the fymbolical calculus 
(which indeed is rarely accompanied by any ideas of the 
fubjeX in hand) as not to perceive the perfeX famenefs 
of his folution. No ; he (hews, from time to time, that 
the phyfical ideas of motion and force were prefent to 
his mind ; for he afFeXs to (hew, ttiat all Newton’s 
brighted difeoveries, fuch as the proportionality of the 

areas and times, &c. flow as corollaries from his proce- 

dure. 
Bernoulli’s chief boad in this differtation is, that now 

philofophers may be alTured that the planets will always 
deferibe conic feXions'; a truth of which they had not 
as yet received any proof: becaufe, fays he, Newton’s 
argument for it in the corollary of the 13th propofition 
is inconclufive, and becaufe he had not been able to ac¬ 
commodate his demondration of the 41 d and 42d pro¬ 
pofition to the particular cafe of the planetary gravita¬ 
tion. Two affertions that border on iufolence. New¬ 
ton’s demondration in the corollary of the 13th propo- 
fition is jud, founded on the principle on which the very 
demon ft ration of the 42d', adopted by Bernoulli, pro¬ 
ceeds, and without which that demon ft ration is of no 

force; namely, that a body in given circnmdances of fi- 
tuation, velocity, direXion, and centripetal force, can 
deferibe no other figure than what it really deferibes. 
Newton did not accommodate the demonftration of the 
42d propofition to the planetary motions, becaufe he had 
already demonftrated the nature of their orbits; but 

mentions the cafe of a force proportional to the recipro¬ 
cal of the cubes of the didance ; not as a deduXion from 
the 42d, but becafife it was nut a deduXion from it, and 
admitted a very Angular and beautiful invedigation by 

methods totally and effentially different. 
Bernoulli alfo fays, that Newton’s folution does not 

give 11s the notion of a continuous path, as his own does, 
but only informs us howto afeertain points of this path. 
This is the bolded of all his affertions. Bernoulli ufes 
the differential calculus. It is the ejfential charaXer of 
this calculus that it exhibits, and can exhibit, nothing 
but detached points. This is undeniable. And this has 
been objeXed to Newton’s fird propofition. But New¬ 
ton’s fluxionary geometry, of which the calculus exhibits 
only dements (being the fame with, the differential), 

fuppofes 
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ConMufion.fuppofes the continuity' of all magnitudes ; and when 

applied to dynamics, is no fubftitution whatever, but 

the ipfa corpora. This geometry offered itfelf to the 
mind of Newton, the accomplifhed and darling fcholar 
of Barrow, whofe geometry flafhed on Newton's mind 

as the torch which was to (hew him the fteps of this 
yet untrodden path. . 

Wc truft that our readers will not be difpleafed with 
our repeated endeavours to defend our great plhlofo- 
pher from the injurious attacks that have been made 

on him. During his own illuftrious life, while he was 
diffufing light and knowledge around him, and never 
contended for fame, happy in being the inftrudor of 

mankind, he was injured by thofe who envied his repu¬ 
tation, while they derived their chief honours from be¬ 

ing his beft commentators. Now, ftnee he has left this 
world, he has been more grofsly injured by thofe who 
avail themfelves of that very reputation : and who, by 

crude and contemptible inferences from his dodrine of 
elaltic undulations, and grofs mifreprefentations of his 
notions of an etlierial fluid, have pretended to fuppprt 
a fyftem of materialifm ; and thus have fet Newton at 
the head of the atheiftical fed, which he held in abhor¬ 
rence. For our part, we always think with pleafure on 
the wonderful energy of that great mind; becaufe it gives 
us a foretafle of thofe pleafures that await the wife and 
good, when the forrows flowing from the infirmities, 
the vices, and the arrogant vanity of man, are pafl ; 

XJlque in hoc infelici campo, 
Ubi lu Slits regnat, et pavor, 

Mortalibus prorfus non abfit folatium. 
Uujut enim feripta evolvas, 

Mentemque tantarum rerum capacem 
Cor port caduco fuperjlitein ere das. 

Condition... cannot be expe&ed that, in the narrow limits pre- 
feribed to a work like ours, we can proceed to confider 

the various departments of this celebrated problem. 
We are only giving the outlines of the general dodrines 
of dynamics ; and we have beftowed more time on thofe 
which are purely elementary than fome readers may 
think they deferve. We were anxious to give juft; con¬ 

ceptions of the fundamental principles of dynamics; be¬ 
caufe we know that nothing elfe can intitle it to the 
name of a demonftrative fcience, and becaufe we fee 
much indiftindnefs and uncertainty, and a general vague- 
nefs or want of precision, in feveral elementary works 
which are put into the hands of perfons entering on the 

flqdy. This leads to errors of more confequence than 
a perfon is apt to think; becaufe they afted our lead¬ 

ing thoughts of mechanifm itfelf, and our notions of 
,33 the intimate nature of the vifible univerfe. 

Reafons for -^ut we mult conclude the article with this great 
©millions, problem. Many very general dodrines of dynamics re¬ 

main untouched,; all, namely, that relate to the rotative 
motion of rigid bodies, and ad that relate to the mutual 
adion of bodies on each other in the way of impulfe. 

The rotative motions, with the dodrine of mechanic 
momenta, have been confidercd at large in the article 
Rotation of the JLncycl. Britan. ; and we propofe to 
offer fome important confideratfons on the fame fubjed 
in our fupplement to the articles Machine and Me¬ 

chanics. In the article Impulsion will be confidered 
fucli dodrines as are truly general, and independent of 

the fpecific differences of the bodies. Dynamics pro- 
Suppl. Vol.1. Part II. 
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feffes to involve no notions but thofe of force, and its Conclufion. 

marks and meafures. u 

Notwithftanding thefe great omifftons, we muft ob- 
ferve that no new principle remains to be confidered. 
We have given all that are neceftary ; and there is no 

queftion that occurs in the cafes omitted, which cannot be 

completely anfwered by means of the proportions already 
eftablifhed. We have taught how to difeover the ex¬ 

igence and agency of a mechanical force, to meafure and 
charaderife it, and then to ftate what will be its various 
effeds, according to the circumftances of the cafe, 

Proceeding by thefe principles, men have difeovered Univerfal 

an univerfal fad, that every action of one body on ano. i- a 

ther is accompanied by an equal reaction of that o-^^.^he 

ther on the firft, in the oppolite diredion ; that is, to vvorld! 
exprefs it in the language of dynamics, “ all the pheno¬ 

mena which make us infer that the body A pofTeffes a 
force byi which it changes the motion of the body 13, 

fhew, at the fame time, that B pofTefTes a force by 
which it makes an equal and oppolite alteration in the 
motion of A.” This, however, is not a dodrine of ab- 

ftrad dynamics ; it does not flow from our idea of 

force ; therefore it was not included in oui lift of the 

Laws of Motion. It is a part of the mechanical 
hiftory of nature, juft as the law of univerfal gravitation 

and it might be called the law of Universal Re¬ 

action. Sir Ifaac Newton has, in “our humble appre- 

henfion, deviated from his accuftomed logical accuracy, 
when he admits, as a third axiom or law of motion, 
that readion is always equal and contrary to adion. It 
is a phyftcal Jaw, in as far as it is obferved to obtain 
through the whole extent of the folar fyftem. But New¬ 
ton himfelf did not, in the fubfcquer.t part of his noble 

work, treat it as a logical axiom ; that is, as a law of 
human thought with refped to motion ; for he labours 
with much folicitude, and with equal fagacity, to prove, 

faSt and obfervation, that it really obtains through- 
the whole extent of the folar fyftem ; and it is in this 

difeovery that his chief claim to unequalled penetration 
and difeernment appears. 

Availing ourfelves of this fad, we, with very little rmpuHIon 
trouble, ftate all the laws of impulfion. The body A, explained 
for example, moving to the weft ward at the rateofhyitj 
eight feet per minute, overtakes the double body B, 
moving at the rate of four feet per minute. What muft 

be the confequence of their mutual impenetrability, 
and of the equality and contrariety of adion and re- * « 
adion ? Their motions muft be fuch that both fuftain 
equal and oppolite changes. They muft give, in fome 

way or other, this indication of poflefling equal and op- 
polite forces. I his will be the cafe if, when the chan¬ 
ges are completed, A and B move on in contad at the 
rate of four feet per minute : for here A lias produced 
in each half of B a change of motion two ; and there¬ 
fore a totality of change equal to four. This is the 

efFed, the mark, the meafure, of the impulfive force of- 
A ; for it is the whole impulfion. B has produced in 

A a change of motion four, equal to the former, and 
in the oppofite diredion. This is the effed, mark, and 
meafure, of the repulftve force of A; for it is the whole 

repulfion. And this is all that wc obferve in the colli- 
fion of two lumps of clay ; and the obfervation is one 
of the fads on which the reality of the phyftcal law of 

equal adion and readion is founded ; and we can make 
no farther inference from this fad* 

3Z But 
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And rota¬ 
tion. 

*37- 

But the event might have been very different. A and 
B may be two magnets floating on corks on water, with 
their north poles fronting each other. We know, by 
other means, that they really poffefs forces by which 
they equally repel each other. The dynamical prin¬ 
ciples already eftablifhed tell us alfo what muft happen 
in this cafe. That both conditions of equal rea&ion and 
fen Able repulfion may be fulfilled, A mufl: come to refl, 
and B mull move forward at the rate of four feet per 
minute. The fame thing mufl: happen in the meeting 

of perfe&ly elaflic bodies, fuch as billiard balls. If 
elafticities are known to be imperfedl in any degree, our 

dynamical principles will ftill date the effect of their 
colli Aon, in conformity to the law of equal rca&ion.. 

In like manner, all the motions of rotation are explain¬ 

ed or predi&ed by means of the fame principles of dyna¬ 
mics applied to the force of cohefion. This is confider- 
ed as a moving force, becaufe, when the attraction of a 
magnet a&s on a bit of iron attached to one end of a long 
lath floating on water, the whole lath is moved, although 

the magnet does not a Cl on it at all: feme other force 
aCts on it ; it is its cohefion ; which is therefore a mo¬ 
ving force, and the fubjedl of dynamical difeufiion. 

And thus it appears that thefe fubje&s do not come 
neceffarily, nor, perhaps, with fcientific propriety, un¬ 
der the category of dynamics, but are parts of the me¬ 
chanical hiftory of nature. Yet, did a work like ours 
give room in this place, the ftudy of mechanical na¬ 
ture might be confiderably improved by giving a fyftem 
of fuch general doClrines as involve no other notions 

but thofe of force and its meafures, and the hypothefis 
of equal rea&ion. Some very general, nay univerfal, 
confequences of this combination might be eftablifhed, 
which would greatly afiift the mechanician in the folu- 
tion of difficult and complicated problems. Such is the 
propofition, that the mutual actions of bodies depend on 

their relative motions only, and require no knowledge of 
their real motions. This principle Amplifies in a won¬ 
derful manner the moft difficult and the moft frequent 
cafes of a&ion which nature prefents to our view ; but 
at the fame time gives a fevere blow to human vanity, 
by forcing us to acknowledge that we know nothing 
of the real motion of any thing in the univerfe, and 
never {hall know any thing of it till our intellectual con- 
ftitution, or our opportunities of obfervation, are com¬ 

pletely changed. 
Mr D’Alembert has made this principle ftill more 

ferviceable for extricating ourfelves from the immenfe 
complication of actions that occurs in all the fpontane- 
ous phenomena of nature, by prefenting it to us in a 
different form, which more diftinctly expreffes what 
may be called the elements of the actions of bodies on 
each other. His propofition is as follows (fee his Dy- 

namique, page 73.) : 
“ In whatever manner a number of bodies change 

bert’sgene-their motions, if we fuppofe that the motion which 
each body would have in the following moment, if it 

P y "were perfectly free, is decompofed into two others, one 
of which ite the motion which it really takes in confe- 
qttence of their mutual actions, the other will be fuch, 
that if each body were impreffed by this force alone 
(that is, by the force which would produce this motion) 
the whole fyftem of bodies would be in equilibrio.’> 

This is almoft felf-evident ; for if thefe fecond confti- 
tuent forces be not fuch as would put the fyftem in 

equilibrio, the other conflituent motions could not be 

dynamics. 
thofe which the bodies really take by the mutual action, Conclufion, 
but would be changed by the firft. -—-v—-J 

For example, let there be three bodies P, Qj R, and 

let the forces A, B, C, act on them, fuch as would give 
them the velocities />, q, /*, in any directions wliat- 

producing the momenta, or quantities of motion, 
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ever, 
PXA QXq, RXr, which we may call A, B, C, be- 
caufe they are the proper meafures of the moving 
force. Let us moreover fuppofe, that, by flunking each 

other, or by being any how connected with each other, 

they cannot take thefe motions A, B, and C, but 
really take the motions a, b, and c. It is plain that we 
may conceive the motion A impreffed on the body P, 
to be compofed of the motion 0, which it really takes, 
and of another motion «. In like manner, B may be 

refolved into b, which it takes, and another & ; and C 
into c and *. The motions will be the fame, whether 
we ad on P with the force A, or with the two forces 
a and * ; whether we act on Q^witli the force B, or 
with b and 0; and on R with the force C, or with c 
and x. Now by the fuppofition, the bodies actually 

take the motions a, b, and c ; therefore the motions 
/3, and x, mull be fuch as will not derange the motions 

a, b, and c; that is to fay, that if the bodies had only 
the motions <*, 0, and *, impreffed on them, they would 
deftroy each other, and the fyftem would remain at reft. 

Mr D‘Alembert has applied this propofition with 
great addrefs and fuccefs to the very difficult queftions 
that occur in the motions and actions of fluids, and 
many other moft difficult problems, fuch as the precef- 

fion of the equinoxes, &c. The caufe of its utility is, 
that in moft cafes it is not difficult to find what forces 
will put a fyftem in. equilibrio ; and, combining thefe 
with the known extraneous forces wliofe effects we are 

interefted to difeover, we obtain the motions which 

really follow the mutual action of the bodies. 
This is not, properly fpeaking, a principle : it is a 

form in which a general fact may be conceived. In 
the fame way the celebrated mathematician De la 

Grange obferved, that a fyftem of bodies ating on 
each other in any way, is in equilibrio, if there be 
impreffed on its parts forces in the inverfe proportion 
of the velocities which each body takes in confequence 
of tlieir action or connexion; and he expreffes this uni¬ 

verfal faff by a very fimple formula ; and calling this 
alfo a principle, he folves every queftion with eafe and 

neatnefs, by reducing it to the invefligation of thofe 
velocities. In this way he has written a complete fyf¬ 
tem of dynamics, to which he gives the title of Mecha- 
nique Analytique, full of the moft ingenious and elegant 
fobit ions of very interefting and difficult problems; and 

all this without drawing a line or figure, but accom- 

plifhing the whole by algebraic operations. 
But this is not teaching mechanical philofophy ; it is 

merely employing the reader in algebraic operations* 
each of which he perfectly underftands in its quality of 
an algebraic or arithmetical operation, and where he 

may have the fulleft convition of the juftnefs of his; 
procedure. But all this may be (and, in the hands of 
an expert algebraift, it generally is), without any no¬ 
tions, diftint or indiftinct, of the things, or the pro- 
ceffes of reafouing that are reprefented by the fymbols-. 
made ufe of. It is precifely like the occupation of a 
banker’s clerk when he carries his eye up and down the 
columns of pounds {hillings and pence, calculates the 

compound intereft, reverfionary values, &c. ^ 



Conclufion. ft were well if this were all, although it greatly di- 
^—v-minifiles the pleafure which an accomplifhed mathema-r 

?/ls7tietickn miSllt rece*ve> hut this total abfence of ideasex- 
fymbolical P°res ev.eu tlie eminent analyfl to frequent rifles of 
method. paralogifm and phyfical abfurdity. Euler, wlio was 

perhaps the piofl expert algebraifl of the laft century, 

making ufe of the Newtonian theorem for afeertaini^g 
the motion of a body impelled along a ftraight line AC 
(fig. 24 ) by a centripetal force, by comparing it with 
the motion in an ellipfe, of which the fiiorter axis was 

dim ini filed till it vanished altogether, expreffes his fur- 
prife at finding, that when he computes the place of 

the body for a time fubfequent to that of its arrival 
at C, the body is back again, and in fome place be¬ 
tween C and A ; in fhort, that the body comes back 
again to A, and plays backward and forward. He 

fays (hat this is fome what wonderful, and feems in- 
confident with found reafon : “ fed analyfi magls fiden- 

dvm” It mud be fo. And he goes on to another 
problem. 

In like manner Mr Maupertuis, an accomplifhed man 
and good philofopher and geometer, finding the fym- 

bol MVS, or the quantity of matter, multiplied by the 
velocity and by the didance run over during the ac¬ 
tion, always prefent itfelf to him as a mathematical mi¬ 
nimum in the a&ions of bodies on each other ; he was 

amufed by the obfervation, and prefumed that there 
was fome reafon for it in the nature of things. Find¬ 
ing that it gave him very neat folutions of many ele¬ 
mentary problems in dynamics, lie thought of trying 
whether it would adid him in accounting for the con- 

dant ratio of the fines of incidence and refra&ion ; he 
found that it gave an immediate and very neat dilution. 
This problem had, before his time, occupied the minds 
of Des Cartes and Fermat. Each of thefe gentlemen 
folved the problem by faying, that the light did not 
take thzjhorteft way from a point in the air to a point 
under water, but the eafiejl way, in conformity with the 

acknowledged economy of nature and confummate wif- 
dom of its adorable Author. But how was this the 

eafied way, the courfe that economifed the labour of 
nature ? One of thefe gentlemen proved it to be fo, if 
light move fader in air than in water; the other pro¬ 
ved it to be fo, if light move fader in water than in air. 

Both could not be right. Maupertuis was convinced 
that he had difeovered what it was that nature was fo 
chary of, and grudged to wade—it was MVS! There¬ 
fore MVS can mean nothing but labour ; nothing but 
Ratural exertion, mechanical a&ion ; therefore MVS is 
the proper meafure of a&ion. He kept this great dif- 
covery a profound fecret ; and, being Prefident of the 
Royal Academy of Berlin, he propofed for the annual 
prize quedion, “ Are the laws of motion necefTary or 

contingent truths ?” He could not compete for the 
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pnze, by the laws of the Academy; but before the Conclufion. 
time of decilion, he publiihed at Paris his Differtation on '-v-- 
tne Principle of the leaf} si Elion ,• in which he pointed out 

the lingular fad of MVS being always a minimum; and 
theiefoie, in fad, the objed of nature’s economical care. 

He folved a number of problems by making the mini- 

mum Hate of-—-— a condition of the problems; and, 

to crown the whole, Ihewed that the laws of motion 
which obtain in the univerfe could not be but what 

they are, becaufe this economy' was worthy of infinite 

wisdom ; and therefore any other laws were impoffible. 

The reputation of Maupertuis was already edabliflied 
as a good mathematician and a worthy and amiable 
man, and he was a favourite of Frederic.’ The princi¬ 
ple of lead adion became a mode ; and it drew atten¬ 
tion for fome time, till it went out of fafhion. It is 

no mechanical principle, but a necefTary mathematical 
truth, as any perfon mud fee who recolleds that <v is 

the fame with j, and that/is the fame with m v. 

To avoid fuch paralogifms and fuch whims, we are Great ad. 
convinced that it is prudent to deviate as little as pof. vantages of 

fible in our difeudions from the geometrical method. t5l.e p’come' 

T|!,s i?a,s./urJ£.1y the advantage of keeping the real fub- mc* 
ject or oifcudion clofe in view ; for motion includes the 

notion of lines, with all their qualities of magnitude 

and pofm'on. It is needlefs to take a reprefentative 
when the original itfelf is in our hands, and affords a 

much more comprehend ble objed than one of its ab- 
dradl qualities, mere magnitude. Let any perfon can¬ 
didly compare the lunar theory by Mayer or Euler 

with that by its illudrious inventor Sir Ifaac Newton, 
and fay which of the two is mod luminous and mod 

pleafing to the mind. No perfon will deny that thefe 

later performances are incomparably more adapted to 
all practical puipofe6, and lead to corrections which it 

would be extremely difficult and tedious to invedigate 
geometrically ; but it mud be acknowledged, at the 
fame time, that till this he done, we have no idea what¬ 

ever of the deviation of the track which this corredion 
afeertams from the path which the moon would follow 

independent of the didurbance expreffid by the cor! 
redion. In like manner, Dan. Bernoulli, by mixing as 

much as poffible the linear method with the algebraic, 
in his diflertations on mufical chords, made the beauti! 
ful difeovery of the fecondary trochoids, and demon- 
drated the co-exidence of the harmonic founds in a full 

mufical note. Let the acAmplifhed mathematician puffi 
forward our knowledge of dynamics by the employment 
of the fymbolical analyfis ; but let him be followed as 
clofe as poffible by the geometer, that we may not be 

robbed of ideas, and that the dudent may have light to 
direct his deps. But,—munum e tabula. 

Dynano¬ 
meter. 

D Y N D Y N 
DYNANOMETER, an inftrument for afeertaining plough or the wafnron Such nn . 
e relative mufcular flrencrth of men anH nt-K^r animal? ‘a *_ l ^ch an inftrument was invent, Dynano. the relative mufcular flrength of men and other animals. 

' Bhat it would be defirable to know our relative ftrengths 
at the different periods of life, and in different flates of 
health, will hardly be denied ; and there can be no 
doubt but that it would be highly ufeful to have a 
portable inftrument by which we could afeertain the 

relative flrength of horfes or oxen intended for the 

j ^ _ .. was uiVGUXr x-fyiiang 

ed, many years ago, by Graham, and improved by De meter* 

faguhers; but being condruded of wooden work it was '---- 
too bulky to be portable, and therefore it was limited 
in its ufe. 

M. Leroy of the Academy of Sciences at Paris con- 

druded^a much more convenient Dynanometer than 
Graham s, confiding of a metal tube, 10 or 12 inches 

3 ^ 2 in 



* Journal 
de V Ecole 
JPolytecb- 

n iquc, V. 2. 

D Y S [ 5 48 
in length, placed vertically on a foot like that of a can-. 
dlellick, and containing in the infide a fpiral fprmg, 

having above it a graduated <hank terminating in a 
crlobeT This (hank, together with the fprmg, funk into 
the tube in proportion to the weight a&ing upon it, 
and thus pointed in degrees the ftrength of the perfon 

who preffed on the ball with his hand. 
This was a very Jim pie conilruftion, and, we think, 

a good one; but it did not fatisfy Bufton and Gueneau. 
Thefe two philofophers wifhed not merely to alcertain 
the mufcular force of a finger or a hand, but to efti- 

mate that of each limb feparatcly, and of all the parts 
of the body. They therefore employed M. Regmer 
to contrive a new dynanometeri and the account which 
he gives * of his attempts to fulfil their wifhes is calcu¬ 
lated to enhance the difficulty of the enterprize. The 
inftrument, however, which he conftru&ed, is not fuch 

as appears to us to have required any uncommon fktll 
in mechanics, or any very great ftretch of thought. It 
confifts chiefly of an elliptical fpring, 12 inches in 
length, rather narrow, and covered with leather that it 
may not hurt the fingers when compreffed by the hands. 
_  . M • • Cl r . _ 1. ./X il , .1 1 nrroln 
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This fpring is compofed of the belt iteel well welded 
and tempered, and afterwards fubje<fted to a ftronger 

effort than is likely to be ever applied to it either by 
men or animals, that it may not lofe any of its elafli- 

city by ufe. 
The effe&s of this machine are eafily explained. It 

a perfon compreffes the fpring with his hands, or draws 
it out lengthwife by pulling the two extremities in con¬ 

trary dire&ons, the Tides of the fpring approach towards 
each other ; and it has an apparatus (we do not think 
a very fimple one) appended to it, confifting of an in¬ 
dex and femicircular plate, by which the degree of ap¬ 
proach, and confequently of effort, employed, is afcer- 

tained with great accuracy. The author gives a tedi¬ 

ous defcription of other appendages, by means of which 

horfes or oxen may be employed to comprefs the fpring. Pyfentery. 

But as any mechanic may devife means for this purpofe, ' Y—^ 

we do not think it worth while to tranfcribe that de¬ 
fcription. The Englifh reader will find a full account 
of the whole apparatus in the 4th number of the very 

valuable mifcellany intitled The Philofophical Magazine, 
The principle of the contrivance confifts in the ellipti- 

cal fpring, of which we confefs ourfelves unable to per¬ 
ceive the fuperiority to the fpiral fpring of M. Leroy, 
though the author fees it very clearly. 

DYSENTERY. See Medic in Encycl.— 
For the cure of this difeafe we have the following fimple 
prefcription by Dr Perkins and Dr B. Lynde Oliver, 
of the State of Maffachufetts in North America. 

Saturate any quantity of the bell vinegar with com¬ 

mon marine fait; to one large table-fpoonful of this fo- 
lution add four times the quantity of boiling water; let 
the patient take of this preparation, as hot as it can be 

fwallowed, one fpoonful once in half a minute until the 
whole is drank : this for an adult. The quantity may 
be varied according to the age, fize, and conftitution of 
the patient. If neceffary, repeat the dofe once in fix or 
eight hours. Confiderable evacuations I conceive (fays 
Dr Parkins) to be not only unneccfTary, but injurious, 

as they ferve to debilitate and prolong the difeafe. A 
tea of plantain, or fome other cooling fimple drink, may 
be ufeful; and if a tliirft for cyder be difcovered, it may 
be gratified. Carefully avoid keeping this preparation 
in veffels partaking of the qualities of lead or copper, as 
the poifon produced by that means may prove dangerous. 

The fuccefs of the remedy depends much on prepa¬ 
ring and giving the dofe as above dire&ed.—The fim- 
plicity of this treatment renders it the more valuable, 

as all perfons have it in their power to avail thcmfelves. 

of its ufe. 
Dr Perkins fays, that he has found it ufeful in agues,; 

diarrhoeas, and the yellow fever. 

E 

Earth.. 

EAR EARTH, in chemiftry. See Chemistry-Index in 

this Supplement. 
Earth, in aftronomy and geography. See Encyclo- 

padia. 
Earth, in* ancient philofophy, one of the elements, 

the fubftance of which this globe is compofed. To af- 
certain the denfity of that fubftance, many experiments 
have been made; but perhaps none more ingenious than 
thofe of Mr Cavendifh, which are detailed at full length 
in Part II. of the Tranfa&ions of the Royal Society 
of London for 1798. They were proje&ed by the 
late Rev. John Michell, F. R.S. but he did not live to 
carry them into effect. After his death, the apparatus 
came to the Rev. F. J. H. Wollafton, Jackfonian Pro- 
feffor at Cambridge, who transferred them to Mr Ca¬ 
vendifh. The apparatus contrived for making fenfible 
the attraction of fmall quantities of matter, and which 

has,been improved by Mr Cavendifh, is very fimple: it 

EAR 
confifts of a wooden arm 6 feet long, fufpended by the EartH, 
middle in an horizontal poiition by a {lender wire 40 k—~y— 

inches long ; to each extremity is hung a leaden ball 
about two inches in diameter; and the whole is inclofed 

In a wooden cafe to defend it from the wind. 
As no more force is required to turn this balance on 

its centre than is neceffary to twift the {lender fufpend- 

ing wire, tile fmalleft degree of attra&ion of a leaden 
weight or weights, a few (eight) inches in diameter, 

brought near to the fmall fufpended ball or balls of the 

balance, will he fufficient to move it fenfibly afide. 
To determine from hence the denfity of the earth, all 

that is neceffary is, to afeertain what force is required 
to draw the arm afide through a given fpace, and then 

to have recourfe to calculation. 
To prevent any difturbance from currents that might 

be produced within the box that contained the balance, 

by even the difference of temperature that might be oc- 
J cafioned 
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EAR [ 549 ] E A U 1 Earth, cafioned by heat being communicated by the bodies of 
-the experimenters to one fide of it more than another, 

it was fupported in the middle of a clofe room ; the 
operators, from adjoining apartments, viewed the ope¬ 
ration through holes in the wall by means of telefcopes'; 
and the apparatus had a ftrong light thrown upon its 
two ends (an opening being left at each end of the box 
for the purpofe) by means of two lamps, alfo in the ad¬ 
joining apartments, the rays from which were likewife 
made to pafs through the holes formed in the wall. 

The two large balls were fufpended from a beam 
near the cieling, which could be moved in an hori¬ 
zontal direction, by means of a firing and pulley, fo 
as to be brought near to the fmall balls of the balance, 
or made to recede again, without requiring any perfon 
to be in the room. 

From this defcription it will be eafily feen, that on 
the two large balls being brought near to the two fmall 
ones, but on oppofite Tides of each, that their forces 
may not counteract each other—the fmall fufpending 
wire of the balance mull be twilled by the movements 
of the arms, occafioned by attraction, which carries the 
fmall towards the large balls ; and that the wire, endea¬ 
vouring to untwill itfelf, will again in its turn carry the 
fmall balls away from the large ones. Vibrations are 
thus occafioned, which would continue a long time be¬ 
fore the fmall balls would fettle between the firft point 
of reft and the large balls : but it is not necelfary to 
wait for this ; an ivory fcale at each end of the balance 
enables the experimenters, by means of their telefcopes, 
to fee the two extreme divifions to which the fmall balls 
move in their vibrations, and thus to determine the 
middle point. The time necefihry for each vibration is 
alfo noticed. 

A full account of thefe experiments, and of the cal¬ 
culations founded on them, would be little interefting 
to the great majority of our readers. We fliall there¬ 
fore only mention the refult. By a mean of the expe¬ 
riments the denlity of the earth comes out 5*48 times 
greater than that of water. 

By the experiments made by Dr Mafkelyne on the 
attraction of the hill Schehallien, the denlity of the 
earth was computed to be only 4^ times that of water. 
The difference of refult, therefore, is almofl one-fifth, 
which no doubt mufl ltften our confidence in either fet 
of experiments, or in the principle on which they were 
devifed. 

Earth Worm (fee Lumbricus, En,cycL)> is an ani¬ 
mal which occalions fuch dellru&ion in gardens, by 
gnawing the tender roots of fhrubs and plants, that va¬ 
rious methods have been propoled for remedying this 
evil. One of the latefl, and that which promiles to 
prove the mofl fuccefsful, is given by M. Socoloff in 
the fifth volume of the New Tranfa&ions of the Impe¬ 
rial Academy of Sciences at Peterfburgh. As the de- 
ftru&ive power of quick lime, heightened by a fixed al¬ 
kali, which corrodes or diflolves all the tender parts of 
animals, has been long known, it occurred to our au¬ 
thor that this mixture would be the bell means for ac- 
complifhing the objeCt which he had in view. He 
therefore took three parts of quicklime, newly made, 
and two parts of a faturated folution of fixed alkali in 
water, and thence obtained a ftomewhat milky liquor 
fufficiently cauflic, highly hoflile and poifonous to earth¬ 
worms and other fmall animals; for as foon as it touch¬ 
ed any part of their bodies, it occafioned in them vio¬ 

lent fymptoms of great uneafinefs. If this liquor be Earth, 
poured into thofe holes in which the earth-worms refide£au<^g ^ucgjl 
under ground, they immediately throw themfelves out ’ v. 
as if driven by fome force ; and, after various contor 
tions, either languifh or die. If the leaves of plants or 
fruit trees frequented by the voracious caterpillars, 
which are fo deflruCtive to them, be fprinkled over with 
this liquor, thefe infeels luddenly contrail them bodies 
and drop .to the ground. For though Nature has de¬ 
fended them tolerably well by their hairy fkins from , 
any thing that might injure their delicate bodies, yet as 
foon as they touch with their feet or mouths leaves 
which have been moiftened by this liquor, they become 
as if it were ftupifkd, inilantly contrail themfelves, and 
fall down. 

With regard to plants or corn, thefe fuftain no inju¬ 
ry from the liquor, becaufe it has no power over the 
productions of the vegetable kingdom, as our author 
has fully learned from experience; or if any hurt is to 
be fufpe&ed, all the danger will be removed by the firfl 
fhower that falls. This liquor may be procured in a- < 
bundance in every place where lime is burnt. If the 
lime be frefh, one part of it infufed into about feventy 
parts of common water will produce real lime-water. 
The want of the fixed alkali may be fupplied by boil¬ 
ing wood-afhes in water, and thickening the ley by 
evaporation. 

This liquor might be employed alfo to kill bugs and 
other domeflic infe&s ; but on account of its ilrong 
lixivious fmell, M. SocolofT thinks it could not be ufed 
with fafety in houfes that are inhabited. Nothing, how¬ 
ever, more fpeedily or more effectually deftroys bugs, 
as our author fays he has repeatedly experienced, than 
the oily pickle that remains in cafks in which falteck 
herrings have been packed. 

EAU de Luck, a fragrant alkaline liquor which 
was fome ,years ago in great repute, efpecially among 
the fair fex, and of which the leading perfection is, that 
it (hall poftefs and retain a milky opacity. 

Mr Nicholfon, in the fecond number of his valuable 
journal, tells us, that being informed by a philofophicai 
friend, that the ufual recipes for making this compound 
(fee Chemistry, EncycU n° 1037.) do not fucceed,. 
and that the ufe of maltic in it has hitherto been kept 
a fecret, he made the following trials, to procure a good 
eau de luce. 

One dram of the testified oil of amber was difiolved 
in four ounces of the ilrong,ell ardent fpirit of the 
(hops ; its fpeeific gravity being .840 at 60 degrees of 
Fahrenheit. A portion of the clear fpirit was poured 
upon a larger quantity of fine powdered maftic than it 
was judged could be taken up. This was occafionally 
agitated without heat ; by which means the gum reiki 
was for the mod part gradually diffolved. One part of 
the oily folution was poured into a phial, and to this 
was added one part of the folution of maftic. No opa¬ 
city or other change appeared. Four parts of ftrong 
cauftic volatile alkali were then poured in, and imme¬ 
diately lhaken. The fluid was of a denfe opake white 
colour, affording a ilight ruddy tinge when the light 
was feen through a thin portion of it. In a fecond 
mixture, four parts of the alkali were added to one of 
the folution of maftic ; it appeared of a lefs denfe and 
more yellowifh white than the former mixture. More 
of the gum refinous folution v^as then poured in ; but it 
ftill appeared lefs opaque than that, mixture. It was 

ruddy 



E C L l SSo ] E D Y 
Biu de luce ruddy by tranfmitled light. The laft experiment was 

11 . repeated with the oily folution inflead of that of maftic. 
. hc]l?tlc- Xhe white was much left denfe than either of the fore- 

going compounds, and the requifite opacity was not 
given by augmenting the dofe of'the oily folution. No 
ruddinefs nor other remarkable appearance was feen by 
tranfmitted light. Thefe mixtures were left at repofe 
for two days ; no reparation appeared in either of the 
compounds containing maftic ; the compound confid¬ 

ing of the oily folution and alkali became paler by the 

feparation of a cream at the top. 
It appears, therefore, that the firft of thefe three 

mixtures, fubjeft to variation of the quantity of its in¬ 

gredients, and the odorant additions which may be 

made, is a good eau de luce. 
In a fublequent number of the fame Journal, we have 

the following recipe by one of the author’s correfpon- 
dents, who had often proved its value by experience. 

Digeft ten or twelve grains of the whited pieces of 
maftic, fele&ed for this purpofe and powdered, in two 
ounces of alcohol; and, when nearly diftolved, add 
twenty grains of elemi (See Amyris, EncycL). When 
'both the refins are diftolved, add ten or fifteen drops of 
rectified oil of amber, and fifteen or twenty of effence 
of bergamot: fhake the whole well together, and let the 
fseces fuhfide. The folution will be of a pale amber co¬ 
lour. It is to be added in very fmall portions to the 
bed; aqua ammonias purae, until it affumes a milky white- 
nefs, (haking the phial well after each addition, as di¬ 
rected by Macqner. The ftrength and caufticity of the 

ammoniac are of mod effential confequence. If, up¬ 
on the addition of the firft drop or two of the tinc¬ 
ture, a denfe opaque coagulated precipitate is formed, 
not much unlike that which appears on dropping a fo¬ 
lution of filver into water flightly impregnated with 
common fait, it is too llrong, and muft be diluted with 
alcohol. A confiderable proportion of the tirnfture, 

perhaps one to four, ought to be requifite to give the 

liquor the proper degree of opacity.” 
EAVES Board, or Eaves-Lath, a thick feather- 

edged board, ufually nailed round the eaves of a houfe 
for the lowermoft tiles, Hate, or (hinglcs, to reft upon. 

ECLIPSAREON, an inftrtunent invented by Mr 

Fergufon for (hewing the phenomena of eclipfes ; as 

their time, quantity, duration, progrefs, See. 
ECLIPTIC. See EncycL both under Ecliptic 

and in Astronomy-Index. It was obferved in As¬ 
tronomy, EncycL n° 407. that the obliquity of the 

ecliptic has been found gradually to decreafe. This 

was obferved, among others, by La Lands, who, in the 
third edition of his aftronomy, reckoned the fecular di¬ 

minution of this obliquity at 50 feconds. From a new 
examination, however, of ancient obfervations, he has 
fmee found reafon to eftimate it at only 36 feconds ; 
but whether this be perfe&ly accurate, is very doubtful. 

The mean obliquity was determined for the ift of Ja¬ 

nuary 17931 with circular inftruments, by Mechain at 
Barcelona, and Piazzi at Palermo, to be 230 27' 53" .3. 
Yet the obfervation of the fummer folftice of 1796, by 

Mechain and Le Frangais, gave 11 feconds more ; which 
was juftly confidered as a perplexing circumftance. But, 

as one of the ableft of our literary journalills obferves, 
might not this difference arife from the uncertainty of 
our tables of refradtion, as affedied by the hygrofcopic 
variations of the atmofphere ? 

Ecliptic Bounds, or Limits, are the greateft diftances 

from the nodes at which the fun or moon can be eclip- Kcllptfc, 
fed, namely, near 18 degrees for the fun, and 12 de- Edyiroi-r, 
grees for the moon. 

EDYSTONE Rocks, fo remarkable for the light- 
houfe built on them, obtained their name from the 
great variety of contrary fets of the tide or current in 
their vicinity. They are fituated nearly S. S. W. from 

the middle of Plymouth Sound, according to the true 
meridian. The diftance from the port of Plymouth is 
nearly 14 miles, and from the promontory called Ram- 

head about 10 miles. They are almoft in the dine, but Smeatan's 

feme what within it, which joins the Start and the Li .Account of 

zard points ; and as they lie nearly in the dire&ion 
veffels coafting up and down the channel, they were ** * 
neceffarily, before the eftabliftiment of a light houfe, 
very dangerous, and often fatal to (hips under fuch 

circumftances. Their fituation, like wife, with regard 
to the Bay of Bifcay and Atlantic ocean, is fuch, that 
they lie open to the fwells of the Bay and ocean from 
all the fouth-weftern points of the compafs : which 

fwells are generally allowed by mariners to be very 
great and heavy in thofe feas, and particularly in the 

Bay of Bifcay. It is to be obferved, that the found¬ 
ings of the fea from the fouth-weftward toward the E- 
dyftone are from 80 fathoms to 40, and everywhere till 
you come near the Edyftone the fea is full 30 fathoms 
in depth; fo that all the heavy feas from the fouth- 
weft come uncontrouled lipon the Edyftone rocks, and 

break on them with the utmoft fury. 
The force and height of thefe feas is increafed by 

the circumftance of the rocks ftretching acrofs the 
Channel, in a north and fouth direction, to the length 
of above 100 fathoms, and by their lying in a Hoping 
manner toward the fouth-weft quarter. This Jiiving of 
the rock, as it is technically called, does not ceafe at 
low water, but Hill goes on progreffively ; fo that, at 

fathoms weltward, there are 12 fathoms water; nor 
do they terminate altogether at the difiance of a mile. 
From this configuration it happens, that the feas are 
fwelled to fuch a degree in fiorms and hard gales of wind, 
as to break on the rocks with the utmoft violence. 

The effect of this Hope is likewife fenfibly felt in mo¬ 
derate, and even in calm weather; for the libration of 
the water, caufed in the Bay of Bifcay in hard gales at 

fouth-weft, continues in thofe deep waters for many 
days, though fucceeded by a calm; infomuch, that when 
the fea is to all appearance fmooth and even, and its 

furface unruffled by the (lighted breeze, yet thofe li- 
brations (till continuing, which are called the ground- 
/well, and meeting the (lope of the rocks, the fea breaks 
upon them in a frightful manner, fo as not only to ob- 
ftru£l any work being done on the rock, but even the 
landing upon it, when, figuratively fpeaking, you might 

go to Tea in a walnut (hell. A circumftance which ft ill 
farther increafes the difficulty of working on the rock 
is, there being a fudden drop of the furface of the rock, 
forming a ftep of about four and a half, or five feet 
high ; fo that the feas, which in moderate weather 

come fwelling to this part, meet fo fudden a check that 

they frequently fly to the height of 30 or 40 feet. 
Notwithftanding thefe difficulties, it is not furprifing 

that the dangers to which navigators were expofed by 
the Edyftone rocks (hould make a commercial nation 

defirous of having a light-houfe on them. The won¬ 

der is, that any one (hould be found hardy enough to 
undertake the building. Such a man was firft found 
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Edyftone. in the perfofi of Henry IVinJlanley of Littlebury in Ef- 

w—fex, Gent, who, in the year 1696, was furniihed by 
the mailer, wardens, and afliftants, of the Trinity-houfe 
of Deptford-ftrond with the neceffary powers to carry 
the defign into execution. 

Mr Winflanley had diftinguifhed liimfelf in a certain 

branch of mechanics, the tendency of which is to raife 
wonder and furprife. He had at his houfe at Little¬ 
bury a fet of contrivances, fuch as the following : Be¬ 
ing taken into one particular room of his houfe, and 

there obfervkig an old flipper carelefsly lying on the 
floor ; if, as was natural, you gave it a kick with your 
foot, up flarted a ghojl before you. If you fat down in 

a certain chair, a couple of arms would immediately 
clafp you in, fo as to render it impoflible to difentangle 
yourfelf till your attendant fet you at liberty. And if 
you fat down in a certain arbour by the fide of a canal, 
you were forthwith fent out afloat to the middle of the 

canal, from whence it was impoflible for you to efcape 
till the manager returned you to your former place.— 
Whether thofe things were (hewn to ftrangers at his 
houfe for money, or were done by way of amufement to 
thofe that came to vifit the place, is uncertain, as Mr 
Winflanley is fafd to have been a man of fome proper¬ 
ty; but it is at leaft certain, that he eflablifhed a place 
of public exhibition at Hyde Park*corner, called IVin¬ 

Jlanley's <water-avorlsy which were filewn at dated times 
at one (billing each perfon. The particulars of thofe 

water works are not now known ; but, according to 
the tafle of the times, we mull naturally fuppofe a great 
variety o{jets d'eau, &c. 

Thefe particulars are at prefent of no other impor¬ 
tance than that they ferve to give a fketch of the ta¬ 

lents and turn of mind of the original undertaker, and 
to account for the whimflcal kind of buildings which he 
eredled on the Edyflone ; from the defign of which, it 
feems as if it were not fufiicient for his enterprifing ge¬ 
nius to ere& a building on the fpot, where, of all others, 
k was leaft likely to (land unhurt; but that he would 
alfo give it an elevation, in appearance the moil liable 

to fubjedt it to damage from the violence of the wind 
and waves. 

This ingenious man entered upon his great underta¬ 
king in 1696, and completed it in fomething more than 
four years. The firft fummer was occupied with ma¬ 
king 12 holes in the rock, and in faftening 12 great 
irons, which were to hold the work that was afterward 
to be done. The next fummer was fpent in making a 
folid body, or round pillar, 12 feet high and 14 feet in 

diameter. In the third year, the aforefaid pillar or 
work was made good at the foundation, from the rock, 
to 16 feet in diameter; and all the work was raifed, 
which, to the vane, was 80 feet high. Being all finifh- 
ed, with the lantern, and all the rooms that were in it, 

we “ventured (fays Mr Winflanley)' to lodge there 
foon after midfummer, for the greater difpatch of this 
work ; but the firft night the weather came bad, and 

fo continued, that it was eleven days before any boats 

could come near us again ; and not being acquainted 
with the height of the Teas rifing, we were almoft all 

the time drowned with wet, and our provifions in as 
bad a condition, though we worked night and day, as 
much as poflible, to make fhelter for ourfelves.” 

Mr Winflanley, however, fucceeded in fetting up the 
light on the 14th of November in that year (1698) ; 

but he was detained till within three days of Chriftmas 

before he could return to fhore, being almoft at the laft Elyftone. 
extremity for want of provifions. w—y— 

In the fourth year, obferving the effe6ls that the fea 

produced on the houfe, burying the lantern at times, 

although more than 60 feet high, Mr Winflanley en- 
compafled the aforefaid building early in the fpring 

with a new work of four feet thicknefs from the foun¬ 
dation, making all folid for near 20 feet high ; and ta¬ 
king down the upper part of the firft building, and en- 

larging every part in its proportion, he raifed it 40 feet 
higher than it was at firft: Yet, he obferves, “ the fea, 

in times of florms, flies in appearance one hundred feet 
above the vane, and at times doth cover half the fide of 
the houfe and the lantern as if it were under water.” 

No material occurrences concerning this building 

happened till November 1703, when the fabric, needing 
fome repairs, Mr Winflanley went down to Plymouth 
to fuperintend the work. And “ we muft not wonder 
(fays Mr Smeaton), if, from the preceding accounts of 
the violence of the Teas, and the ftru&ure of the light- 

houfe, the common fenfe of the public led them to fup¬ 
pofe this building would not be of long duration. The 

following is an anecdote which I received to the fame 
efte& from fo many perfons that I can have no doubt 
of the truth of it : Mr Winflanley being among his 
friends previous to his going off with his workmen on 
account of thofe reparations, the danger being intima¬ 

ted to him, and that one day or other the light-houfe 
would certainly be overfet; he replied, “He was fo 

very well affured of the flrength of his building, he 

fhould only wifh to be there in the greateft florm that 
ever blew under the face of the heavens, that he might 

fee what effed it would have on the ftru&ure.”._It 
happened that Mr Winflanley was but too amply gra¬ 
tified in this wifh ; for while he was there with his 

workmen and light-keepers, that dreadful florm began 
which raged molt violently on the 26th of November 
1703, in the night; and of all the accounts of the kind 
which hiftory furnifhes us with, we have none that has* 

exceeded this in Great Britain, or was more injurious 
or extenfive in its devaftation. The next morning, No¬ 

vember 27th, when the violence of the florm was fo 
much abated that it could be feen whether the lLht- 
houfe had fuffered by it, nothing appeared flandmg, 

but, upon a nearer infpe&ion, fome of the large irons 
by which the work was fixed upon the rock .; nor were 
any of the people, or any of the materials of the build¬ 
ing, ever found afterwards, fave only part of an iron 
chain, which had got fo faff jambed into a chink of 

the rock, that it could never afterwards be difengaged 
till it was cut out in the year 1756.” 

Thus perilhed Mr Winflanley, together with his 
building: but fo great was the utility of that building- 
while it flood, that the public could not fail to be de- 
firous of having another in its place. Accordingly, in 

1706, an a61 of parliament of the 4th of Queen Anne 
was paffed, for the better enabling the mailer, &c. of 

the Trinity*houfe of Deptford-ftrond to rebuild the. 
fame. By this a6l, the duties payable by fliipping paf- 
fing the light-houfe were veiled in the corporation of 

the Trinity-houfe, who were empowered to grant a 
leafe to fuch undertaker or undertakers as they fhould 

approve. In confequence, they agreed with a Captain 
Lovel or Lovet for a term of 99 years, commencing 

from the day on which a light fhould be exhibited, and 

continuing fo long as that exhibition fhould laft during 

thfc: 
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‘‘Edyftore. the faid term. On this foundation Captain Lovet en- 

gaged Mr John Rudyerd to be his engineer or archi- 

teS and furveyor. 
It does not appear that Mr Rudyerd was bred to 

any mechanical bufinefs or icitntific profefTion, being at 

that time a filk mercer on Ludgate hill; nor is it known 
that, in any other iriftance, he had diftinguithed himfelf 
by any mechanical performance before or after. His 
want of pcrfonal experience, however, was in a degree 
a {filled by Mr Smith and Mr Norcutt, both {hipwrights 

in the King's yard at Woolwich. 
It is not, as Mr Smeaton obferves, very material in 

what way this gentleman became qualified for the exe¬ 
cution of his work ; it is fufficient that he diiJe<fted the 
performance in a mafterly manner, and fo as perfectly 

to anfwer the end for which it was intended. He faw 
the errors in the former building* and avoided them ; 
inftead of a polygon he chofe a circle for the outline of 
his building, and carried up the elevation in that form. 
His principal aim appears to have been ufe and Jimp li¬ 
city ; and indeed, in a building fo fituated, the former 

could hardly be acquired in its full extent without the 
latter. He feems to have adopted ideas the very re- 
verfe of bis predeceffor; for all the unwieldy ornaments 
at top, the open gallery, the proje&ing cranes, and o- 
ther contrivances, more for ornament and pleafure than 

ufe, Mr Rudyerd laid totally afide. He faw, that how 
beautiful foever ornaments might be in themfelves, yet 
when they are improperly applied and out of place, by 

atfe&ing to fhew a tafie, they betray ignorance of its 
hr ft principle, judgment; for whatever deviates from pro¬ 

priety is erroneous, and at beft infipid. 
It is impofiible for us to give an accurate account of 

the conftru&ion of Mr Rudyerd's light-houfe. We 
can only fay, in general terms, that it was altogether 

built of wood ; for the courfes of moorftone, which Mr 
Rudyerd, adverting to the maxim, that weight is beft 

refilled by weight, introduced into the folid part of his 
building, muft be confidered as being of the nature of 

ballad; ; the weight of tfcefe amounted to above 270 
tons. The main column of the building confifted of 

one fimple figure, being an elegant fruftum of a cone, 
unbroken by any proje&ing ornament, or any thing on 

which the violence of the ftorms could lay hold ; mea- 
iuring, exclufively of its doping foundation, 22 feet and 
eight inches on its largeft circular bafe; 61 feet high 
above that circular bafe; and 14 feet and three inches in 

diameter at the top : fo that the circular bafe was fome- 
■what greater than one-third of the total height, and 
thfe diameter at the top was lefs than two-thirds of the 
bafe at the greateft circle. On the fiat roof of this 
main column, as a platform, Mr Rudyerd fixed his lan¬ 
tern, which was an o&agon of ten feet and fix inches 

diameter externally. The mean height of the window- 
frames of the lantern above the balcony floor was near¬ 
ly nine feet ; fo that the elevation of the centre of the 
light above the higlieft fide of the bale was 70 feet ; 
that is, lower than the centre of Mr Winftanley's fe- 
cond lantern by feven feet, but higher than that of his 
fir ft by 24 feet. The width of Mr Rudyerd’s lantern 

» was, however, nearly the fame a3 that of Mr Winftanley's 
fecond : but inllead of the towering ornaments of iron¬ 
work, and a vane that rofe above the top of the cupo¬ 
la no lefs than 21 feet, Mr Rudyerd judicioufly con¬ 
tented himfelf with finifhing his building with a round 

ball of two feet and three inches diameter, which termi¬ 

nated at three feet above the top of his cupola. The Edyftone. 
whole height of Mr Rudyerd’s light-houfe, from the w 
loweft fide to the top of the ball, was 92 feet, 011 a bafe 
of 23 feet and four inches, taken at a medium between 
the big he ft and loweft part of the rock that it covered. 
The whole building was completed in the year 1709, 

three years from its commencement. 
This great work, after having braved the elements 

for forty-fix years, was burnt to the ground in 1755. 
On the 2d of December of that year, when the light- 

keeper, then on the w^tch, went, about two o'clock in 
the morning, into the lantern, to fnuff the candles ac¬ 
cording to cuftom, he found it in a fmoke; and in lpite 
of all that he and his companions could do, the whole 
edifice was on fire in the compais of little more than 
eight hours, and in a few days was burnt to its founda¬ 
tion. The three light-men were with much difficulty 
got on fhore, when one of them immediately ran oft, 

and has never fince been heard of. Another, who had 
been dreadfully burned by melted lead, of which, ac¬ 
cording to his own account, he had fwallowed a quan¬ 

tity, lingered in agony for twelve days, and then expi¬ 
red. His ftomach being opened, there was found in it 

a folid piece of lead of a flat oval form, which weighed 
feven ounces and five drachms ; and thus was verified 
an affertion which, to the furgeon and others who at¬ 
tended him, appeared altogether incredible, viz. that 

any human being could live after receiving melted lead 

into the ftomach. 
On the deftru&ion of Mr Rudyerd’s light-houfe, Mr 

Smeaton (fee Smeaton in this Supplement) was re¬ 
commended by Lord Macclesfield, then prefident of the 
Royal Society, as the fitted perfon in England to build 
another. It was with fome difficulty that he was able 

to perfuade the proprietors that a ftone building, pro¬ 
perly conftrmSled, would in all refpedls be preferable to 
one of wood; but having at laft convinced them, he turn¬ 
ed his thoughts to the fliape which was moft fuitable to 
a building fo critically fituated. Reflecting on the ftruc- 

ture of the former buildings, it feemed a material im¬ 
provement to, procure, if poffible, an enlargement of the 
bafe, without increafing the lize of the nvaijl, or that 
part of the building which is between the top of the 
rock and the top of the folfd work. Hence he thought 
a greater degree of ftrength and ftiffnefs would be gain¬ 

ed, accompanied with lefs refiftance to the a&ing 
power. On this occafion, the natural figure of the 

waift or bole of a large fpreading oak occurred to Mr 

^meaton. 
“ Let us (fays he) confider its particular figure.— 

Conne&ed with its roots, which lie hid below ground, 
it rifes from the furface with a large fwelling bafe, 
which at the height of one diameter is generally redu- 

ced by an elegant curve, concave to the eye, to a dia¬ 
meter lefs by at leaft one third, and fometimes to half 
its original bafe. From tlience, its taper dirniniftijng 

more {lowly, its Tides by degrees come into a perpendi¬ 
cular, and for fome height form a cylinder. After 
that, a preparation of more circumference becomes ne- 
cefiary, for the ftrong infertion and eftabliftiment of the 

principal boughs, which produces a fwelling of its dia¬ 
meter.—Now we can hardly doubt but that every flec¬ 
tion of the tree is nearly of an equal ftrength in pro¬ 

portion to what it has to refill ; and were we to lop off 
its principal boughs, and expofe it in that ftate to a ra¬ 

pid current of water, we fhould find it as capable of 
refilling 
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Edyftonc refilling the a&ion of the heavier fluid, when diverted 

1 v of the greater part qf its clothing, as it was that of 
the lighter, when all its fpreading ornaments were ex- 
pofed to the fury of the wind: and hence we may derive 
an idea of what-the proper fhape of a column of the 
greateft liability ought to be, to refill the action of ex¬ 

ternal violence, when the quantity of matter is given 
of which it is to be compofed.” 

The next thing to be coniidered was, how the blocks 
of Hone couid be bonded to the rock, and to one ano¬ 
ther, in fo firm a manner as that not only the whole 
together, but every individual piece, when connected 

with what preceded, fliould be proof againft the greateft 
violence of the fca. For this purpofe, cramping was 

the lirft idea, but was rejedcd on account of the great 
quantity of iron which was necefiary, and from the 
trouble and lofs of time which would attend that ope¬ 
ration. . In its place was fubftituted the method of 
dovetailing. From fome fpecimens which Mr Smeaton 
had feen in Belidor’s defcription of the Hone floor of 
the great fluice at Cherburgh, (where the tails of the 
upright headers are cut into dovetails for their iufertion 
into the mafs of rough mafonry below,) he was led to 
think, that if the blocks themfelves were, both infide 
and outfide, formed into large dovetails, they might be 
managed fo as to lock one another together, being pri¬ 
marily engrafted into the rock ; and in the round or 
entire courfes above the top of the rock, they might all 
proceed from, and be locked to, one large centre Hone. 
Thefe particulars being digelled in his own mind, he 
explained his defign by the help of drawings ; with 
which, after mature deliberation, the proprietors were 
perfe&ly finished ; and declared, that the fcherne was 
not only in itfelf practicable, but, as appeared to them, 
the only means of doing the bulinefs effe&ually. 

During this time Mr Smeaton had never vifited the 
rock on which he was to be employed : he therefore re- 
folved to go to Plymouth early in the fpring of 17 56, 
that he might lofe no opportunity of viewing it. At 
Plymouth he met Mr Julias JelTop, to whom he was 
referred for information and affiftance, and who after¬ 
wards proved of great fervice : he was not only an ap¬ 
proved workman in his branch as a fhipwright, but a 
competent draughtfman and an excellent modeller; ‘ in 
which laft (fays the author) he was accurate to a great 
degree : he therefore appeared to be a very fit perfon 
to overlook the exaCl execution of a defign given.’ 
Mr Jeffop, like others, exprefied his doubts that a llone 
building could Hand on the Edyllone : but they were 
removed by the propofed mode of its conflru&ion.—- 
As Mr Smeaton was impatient to go to the rock, he 
feized the lirft opportunity that Teemed to promife any 
chance of landing on it. On the 2d of April he got 
within a Hone’s throw of it, but could not land : on 
the 5th he was more fortunate-; he now landed, and 
ft a id on the rock for two hours and a half. This time 

was employed in taking a general view of the whole. 
No remains of the houfe could be perceived either on 
the rock, or about it, except the greateft part of the 
iron branches that had been fixed by Mr Rudyerd ; 
and fome of the moorftoiies were difcerned lying in the 
bottom of the gut. Such traces were alfo obferved 
of the fituation of the irons fixed by Mr Winftanley, 
as to render it no very difficult talk to make out his 
plan, and the pofition of the edifice ; whence it ap¬ 

peared very probable, that Mr Winftanley’s building 
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was overfet altogether, and that it had torn up a por- Edyftonc. 
tion of the rock itfelf, as far as the irons had been fall- 

ened in it. With regard to the Heps, which were faid 
to have been cut in the rock by Mr Rudyerd, the tra¬ 
ces of only five were remaining ; thefe were fiintly cut, 
and without much regularity. It was next tried in 
what degree, the rock was workable ; and Mr Smeaton 
had the fatistaCftion or finding every thing fuceeed to 
his wilhes. 

Having thus determined that there was no impracti¬ 
cability in fixing a ilone building, it became of the 

greateft importance to fccure a more fafe and certain 
landing on the rock; as it would frequently happen,, 
while the velfels were lying off the rock, waiting for a 
favourable time to enter the gut, that tides might 
change, ground fwells come on, winds ihift, and ftorms 
arife, which would of courfe make it defirable to re¬ 
turn to Plymouth, if poffible, though the purpofe 
of the voyage was unperformed. In addition to this, 
when vefiels had got with fome facility into the gut, 
they frequently could not get out again without ex¬ 
treme danger : for as the larger fort had not room to 
turn in it, they were in reality obliged to go out Hern 

forward ; the Sugar-loaf rock being fo critically placed, 
with lhallow water on both fides of it, that it prohibits 
a thorough paflage. It was true, indeed, that by the 
Ikill and expertnefs of thofe feamen who had frequently 
attended the fervice of the Edyllone, not only row beats, 
but the attendant vefiels, after having, delivered their 
cargoes, had been carried quite through, at the top of 
an< high tide, with a fair wind and fmooth water : but 
this was not an experiment to be commonly repeated, 
x he two voyages which Mr Smeaton had made were 

in a fmall failing vefiei of about ten or twelve tons bur¬ 

den, which was built for the fervice, and called the 
Edyllone Boat. It occurred to him, that while the 
light houfe was Handing, if the boat had been, ftaved on 
the rocks while lying in the gut, there was a pofiibility 
of the men being faved by getting into the houfe, as 
the light-keepers would have been ready to throw out 
a rope to their affiftance: but that if any accident of 
the kind were to happen now that the houfe was down, 
and no prote&fon nor fhelter to be had, there was little 

chance of their efcape and thefe confutations being 
likely to call a damp on every exertion to land, he de¬ 

termined to go out no more without another failing' 
boat to attend. 

The weather being unfavourable for vifiting the rock, 
all exertions were ufed to forward the work on Ihore ; 
and, firft, a work-yard was chofen in a field adjacent to 
Mill Bay, about a mile weft from’ Plymouth. The 
next objea was to procure moor ftone, or granite ; and 
with this view the author vifited Hingllone Downs, 
and obferved the manner of working the ftone, which 
is curious. He next went to Lanlivery, near Fowey 

harbour, from which place the flone-work for the late 
light-houfe had been furnifhed. 

During this time he had made five voyages to the 
rock with little fuccefs: the event of the laft had ftrong- 
ly pointed out, that the much greater tonnage of the 
ftone which mull be necefTary to be carried out and 
fixed, in cafe of a ftone building, than was requifite in 

the compofitions of his predeceffors, would make the 
uncertainty and delay which they had deferibed as be¬ 
ing attendant on their voyages, in order to fix their 

work, bear far heavier on the fcherne ; and would thus 

4 ^ occafion 
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Edyftone. occafion the whole time of the performance to be 

lengthened It appeared, therefore, that had a veflel been 
fixed within a quarter of a mile, or fome fuch competent 
diftance from the rocks, and which fhould be capable 
of lodging the workmen, all their tools and^oofe ma¬ 
terials, the feveral pieces of wrought ilotie only except¬ 
ed, that then the workmen might, by means of fmall 
row boats or yawls, have effected a landing both of them- 
felves and of their materials, and have been at work on 
the rock during the greateft part of thofe days which 
otherwife, as voyagers, they would have loft in fruitlefs 
endeavours to get to the place of action. Agreeably 
to this opinion, it was propofed to build a ftrong and 
very well found floop of about fifty tons, with iron 
chains for mooring her on the rocky ground near the 
Edyftone. A veffel was in fa& afterward moored in 
this Situation : but it was one not built for the fervice, 
but originally intended to have been ftationed as a 
temporary floating light during the rebuilding of the 

light-houfe. 
Mr Smeaton now made a fixth voyage to the rock, 

on which he employed himfelf for nineteen hours in ta¬ 
king fuch dimenfions as would enable him to make an 
accurate model of its furface. He likewife attempted 
a feventh voyage ; but being unable to reach the Edy¬ 
ftone, he bore away for Falmouth, in order to examine 
the moor-ftone works at Conftantine in that neighbour¬ 
hood. From the difficulties which occurred here, as 
well as at other places, he was convinced that a fuffi- 
cient quantity of moor-ftone could not be readily and 
expeditioufly procured, in order to complete the whole 
building ; and that he mult therefore confine the moor- 
ftone to the outfide, as being more durable, and con¬ 
tent himfelf with the ufe of Portland, or fome other 
free-working ftone, for the infide work. In confe- 
quence, after making three more voyages to the rock, 
and completing all the obfervations which he was de- 
firous of taking there, he vifited the ille of Portland in 
his return to London, and made the neceffary agreements 

for carrying on his work. 
On his arrival in London, Mr Smeaton again met 

the proprietors, from whom he experienced the greateft 
liberality and confidence : they declared, that as he Was 
now apprized of what was to be done, they left both 
the time and the means of its accompliffiment to him. 

« On this occafion (he obferves), I found myfelf to¬ 
tally unfettered ; and perhaps no refolution of the pro¬ 
prietors ever more conduced to the ultimate fuceefs of 
the work than this, which fet me fo much at liberty. 
Had they been of the fame temper and difpofition of 

by far the greateft part of thofe who have employed 
me, both before and fince, their language would have 
been, Get on, Get on, for God’s fake get on ! the 
public is in e^pe&ation ; get us fomething fpeedily to 
fhew, by which we may gain credit with the public ! — 
This, however, was not their tone, which I looked upon 
as a happy earneft from the proprietors in the outfet.’ 

Luring his ftay in London, he refolved, as an abso¬ 
lutely neceffary preliminary ftep, to form models of the 
rock, both in its prefent ftate and as cut to the intend¬ 
ed fhape for receiving the building, ponne&ed with 
the laft was a model of the building itfelf, fhewing di- 
ftin£lly how the work was to be adapted to each Sepa¬ 
rate ftep in the afcent of the rock, and particularly ex¬ 
hibiting the conftru£tion of the firft entire courfe after 

rifing to the level of the upper furface of the rock : to 

this a folid being fitted, the model fhewed the external Edyftone, 
form of the whole building, including the lantern ; — 
while, by a Section on paper, the whole infide work was 
reprefented. Thefe models, as well, indeed, as moft 
of the material parts of the bufinefs, were the entire 
work of Mr Smeaton’s own hands. After exhibiting 
thefe to the Lords of the Admiralty, who expreffed 

their warmeft approbation, he returned to Plymouth on 

the 23d of July 1756. 
On his arrival at Plymouth, he found that Mr Jeffop 

had completely fitted up, for prefent fervice, the floop, 
which had before been ufed as an attendant ; as well as 
the Edyftone boat, and a large yawl, with fails and 
oars. Another feaman was now taken into the fervice, 
which made the number of the crew fix. The Nep¬ 
tune Bufs, which had been built for the purpofe of ex¬ 
hibiting a temporary light, but which was afterward 
moored near to the rock, was arrived : but as her defti- 
nation was not known, all orders for mooring-chains 
were fufpended, and Mr Smeaton was obliged to con¬ 
tent himfelf with preparing cables in the heft manner 
that he could for mooring the floop in that Situation. 
As the weather was unfavourable, he had but one op¬ 
portunity of vifiting the rock ; he therefore applied vi- 
goroufly to prepare every thing on (bore. The firft 
bufinefs was to eftablifh the working companies, which 
were to confift of two complete fets of hands, to relieve 
each other by turns ; fo that, whenever winds and tides 
would permit, the work might be purfued by day and 
night. In his diftribution and management of thefe 
people he appears to have a&ed with great judgment. 
He made choice of, and agreed with, Mr Thomas 
Richardfon, a 'mailer mafon of Plymouth, to ad as 
foreman of one of the companies ; and alfo with Wil¬ 
liam Hill, who had been fome time foreman to another 
mailer mafon of the fame place, to a& as the other 
foreman. He likewife entered three mafons, and nine 
tinners (Cornifh miners), as a company, to go out with 
Mr PJchardfon to take the firft turn, or week, com¬ 
mencing from Saturday the 31ft of July. Mr Jeffop 
was appointed general affiftant. The wages of the 
foremen, while at fea, were to be 5 s. per day certain 5 
and for every hour fpent on the rock, the farther pre¬ 
mium of 1 s.—but when employed in the work-yard or 
otherwife on fhore, their wages were to be 3 s. 6 d. per 
day. The wages of the mafons were to be 2 s. 6 d. per 
day certain at fea, with a premium of 9 d. per hour; 
and the tinners were to have 2 s. per day certain at fea, 
and 8 d. per hour. In the work-yard, or at fhore, the 
mafons were to have 2od. and the tinners i8d. per day, 
and to be paid for over-time when required to work; 
— and that the feamen might not want inducement to 
do their utmoft in landing the workmen at the Edy¬ 
ftone as early as poffihle at every opportunity, and^ in 
fupplying them with what was neceffary for keeping 
them at4 work, over and above their weekly wages, 
which were fettled at 8 s. per week, they were all to 
receive a premium for every landing on the rock; the 
mafter feamen having 2S. 6 d. and the ordinary men 2S, 

to make their advantage equivalent to that of the other 
workmen, in whatever fervice the feamen, who were 
conftantly on duty, were employed. Mr Jeffop, as ge¬ 
neral affiftant, was to have tos. 6d. per day at fea, and 
5 s. per day on land ; and every one was to fupply him¬ 
felf with vi&uals.—Mr Smeaton likewife agreed for 

half an acre of ground on the weft fide of Mill-bay for 
a* 
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Edyftone. a work-yard, as before mentioned, which he marked out, 

an(] ordered to be fenced with boards. At this time 

arrived Mr John Harrifon, who was to aft as clerk to the 
Edy ftone works, with whom a plan was digefted for 

keeping the accounts and correfpondence ; and for the 
diflinft noting of fo great a variety of articles, it was 
found expedient to open fourteen different books. 

Matters being thus fettled on ffiore, and the weather 
having become more promifing, Mr Richardfon and his 
company embarked in the Hoop, with her ground 
tackle on board, attended by the author and Mr JefTop, 
and having the yawl alfo properly manned. Having 

landed on the rock, Mr Smeaton proceeded to fix the 
centre, and to lay down the lines of the intended work 
on its. furface ; and being followed by Mr Richardfon, 
he, with ffiarp picks, left indelible traces of thofe lines, 
fo as that the workmen might proceed on them when 
ever they fhould be able to land. The roughnefs of 
the fea, however, foon rendered it advifable to return 
to the (loop ; and from the fame caufe it was thought 
unfafe to attempt to moor her that evening. On the 
next day, the wind continued to blow very frefh ; but 
on the following they were able to moor the floop : 
and every one being anxious to make a beginning, the 
whole company landed on the rock, and immediately 
began the work, which was purfued for about four 
hours, when they were driven off by the fea. On the 
following day, all hands landed before fun-rife, and 
worked, during that tide, for fix hours ; and in the af¬ 
ternoon s tide they again landed, and continued the 
work, by the help of links, till ten o’clock at night. 
They purfued this courfe for fome time with very little 
interruption, working, at an average, for about five 
hours in each tide. 

The weather had now been fair from Auguft 27th 
to the 14th of September ; and in this fpace they had 
worked for 177 hours on the rock. During this in¬ 
terval, alfo, Mr Jeffop had prevented a weft Indiaman 
homeward bound, and a man of war’s tender, from dri¬ 
ving on the rocks, to which they were approaching, 
though they themfelves were not aware of it. On the 
1 6th, the work on the rock was in the following fixa¬ 
tion ; The loweft new ftep (the moft difficult to work, 
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employed in weighing the Bufs’s moorings. To pre- Edyftone. 
vent the neceffity of this, however, it was an objeft ofL111_ 
confident ion, whether they could not difpenfe with 
that operation, and thereby have a little more time for 

work on the rock. Mr Smeaton’s contrivance for this 
purpofe was admirable ; but it was rendered vain by 

1^. ^ai*^ng the bufs. After overcoming many 
difficulties, the bufs with Mr Smeaton on board was 

driven at a great rate towards the bay of Bifcay, in dan¬ 
ger every hour of being fwallowed up by the waves or 
dallied in pieces on the rocks of Scilly. At laft, on Friday 
morning the 26th of November, they reached Ply¬ 

mouth Sound, and relinquilhed all thoughts of return¬ 
ing to their work on the rock that feafon. 

The winter therefore of 1756, and the fgllowing 
lpnng, were employed in preparing materials for the 
outwork : the mafonry particularly required great at- 
tention. It was a defirable objeft to ufe large and 
heavy pieces of ftone in the building; yet their fize 
muft necefTarily be limited by the prafticability of land- 
ing them with fafety. Now fmall veflels only could 
deliver their cargoes alongfide of this hazardous rock ; 
and thefe could not deliver very large ftones, becaule 
the fudden nfing and falling of the velTels in the gut 

amounted frequently to the difference of three or four 
feet, even in moderate weather ; fo that in cafe after a 
ftone was raifed from the floor of the veflll, her gun- 
wale fhould take a fwing, fo as to hitch under the 
ftone, one of a very large magnitude muft, on the vef- 

fel s nfing, infallibly fink her. From this confideration, 

it was determined that fuch ftones fhould be uled as 
did not much exceed a ton weight ; though occafion- 
ally particular pieces might amount to two tons. That 
they might attain a certainty in putting the work to¬ 
gether on the rock, the ftones of each courfe were tried 
together in their real fixation with refpeft to each 
other ; and they were fo exaftly marked, that every 
ftone, after the courfe was taken afunder, could be re¬ 
placed in the identical pofition in which it lay on the 
platform, within the fortieth part of an inch ; —nor was 
this judged fufficient; for every courfe was not only 
tried hngly together on the platform and marked, but 
the courfe above it was put on it, and marked in the 

firft 1_fl _ r 1 . 1 it 

-aim lib uove- 
tails were fcapelled out; and the fixth was fmooth bed- 
ded, and all the dovetails roughed out.—Laftly, the top 
of the rock, the greateft part of the bulk whereof had 
been previoufly taken down as low as it could be done 
with propriety, was now to be reduced to a level with 
the upper furface of the fixth ftep ; the top of that ftep 
being necefTarily to form a part of the bed for the 
feventh or firft regular courfe : fo that what now re- 
mained, was to bring the top of the rock to a regular 
floor by picks ; and from what now appeared (as all 
the upper parts that had been damaged by the fire were 
cut off) the new building was likely to reft on a bafis 
even more folid than the former lighthoufes had done. 

The equinoftial winds that were now reigning, af¬ 
forded little. profpeft of doing much more work on the 
rock for this feafon : for though a more moderate in¬ 

terval of weather might be expefted, yet that muft be 

. - —/ — Ltimc none 
hrlt, as being leaft expofed to the ftroke of the fea • 
and in order to have fure means of attaching all the 
reft to this, and to one another, it was indifpenfable 
that the whole of the two courfes fhould be tried to- 
gether ; in order that, if any defeft appeared at the 

outfide, by an accumulation of errors from the centre 
it might be reftified on the platform. 

Another circumftance, to which Mr .Smeaton was 
particularly attentive, and concerning which his remarks 
are very valuable, was to afeertain the moft proper com¬ 
position for water cemqnts. In making mortar for 
buildings expofed to water, tarras had been moft 
eiteemed : but ftill there were obje&ions to its ufe Mr 
'Smeaton was therefore induced to try the terra im*. 
%olana, found in Italy, as a fnbftitute for tarras For 
tunately there was a quantity of it in the hands of a mer¬ 

chant at Plymouth, which had been imported as a ve«- 

4^2 ture 
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Edyftone ture from Civita Vecchia, when WeftminfUr-bridg.. \\as 

—--building ; and which he expefted to have fold for tha 
work to a good advantage, but faded m Ins (peculation, 
for having found that tarras anfwered tl.e.r purpofe, 
neither commiffioners, engineers nor contractors, would 

trouble themfelves to make a trial of the other material. 
This was found in every refpeft equal to tarras, as ar 
as concerned the hardening of water-mortar, it not pre¬ 

ferable to it ; and if made into a mortar with lime pro¬ 
duced from a done found at Aberthaw, on the coatt ot 
Glamorgan (hire, it exceeded, in hardnefs, any o t e 

compofitions commonly ufed in dry work ; an in^'et 
and dry, or wholly wet, was far fuperior to any which 
Mr Smeaton had feen, infomuch that he did not doubt 
its making a cement that would equal the heft merchant¬ 

able Portland done in folidity and durability. 
Thefe preliminary arrangements being fettled, they 

proceeded, on the 3d of June 1757, to carry out the 
Neptune bufs, and to begin the work. A-fter getting 
up the moorings (a work of no fin all difficulty and feme 
danger), and after fixing the fender-piles, the fheais, 

windlafs, &c. the fird done was landed, got to its place, 
and fixed, on Sunday the 12th of June; and on the 
next day the fird courfe was completed. On the 14th, 
the fecond courfe was begun : but, in confequence o . a 
frefh gale, the workmen were obliged to quit the rock;, 
after fecuring every tiling as well as pofiible. Such was 
the violence of the gale, that it was imprafticable tor 

the boats to get out of the gut, otherwise than by pal¬ 
ling the Sugar-loaf rock, in which they providential y 
fucceeded. On the 18th, they were again as fuddenly 

driven from their work, and feveral pieces of (tone were 
wafhed away by the violence of the fea. In the night 
of the 6th of July, the watch on the deck of the buis 
cfpied a fail on the rocks, and one of the yawls was lent 
to her relief, which brought back the whole crew, feve¬ 
ral of whom were in their fhirts, and in great diitreis. 
It was a fnow of about 130 tons burthen, which was 
returning in ballad from Dartmouth ; but not know¬ 
ing exactly where they were, they had mibaken the 
rocks for fo many fifhing-boats, till it was too late to 
clear them ; and on the veffel’s briking, fhe fihed fo 
quickly, that the boat floated on deck before they could 

tret into it. . 
During this time the building went on, though its 

progrefs was retarded by various interruptions and ac¬ 

cidents ; till, at the latter end of Augud, when the 
feventh courfe was nearly finilhed, a violent dorm arole, 
which carried away the (hears and triangles, together 
with two of the larged bones which had been left 
chained on the rock ! yet notwithdanding thefe and 
various other difficulties, the ninth courfe was comple- 

ted by the end of September. 
«* Being now arrived at the eve of Oftober (fays Mr 

Smeaton), I maturely confidered our fituation; and 
finding that we had been 18 days in completing the 
lad courfe, whereas the former one was begun and fi- 
nifhed in five, though the weather, both on fhore and 
above head, had remained to all appearance much the 
fame ; I from thence concluded it to be very probable, 
wre might not get another courfe completed in the com- 
pafs of the month of October : So that when I reflect¬ 
ed on the many difaders that we had differed lad year 
by continuing out to the month of November, and how 
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cd to me very problematical whether we might be able, Efodone. 
with every pofiible exertion, to get another courfe fi- —r—-* 

niffied this feafon ; and coiifidering how very ineligible 
it was to have a courfe lie open during the winter in 
this dage of the work, and that we bad now got three 
complete courfes ehablifhed above the top of the rock, 
the fum of whofe height was four feet fix inches ; and 
that we could not leave the work in a mote defeniibie 
date, whether as relative to the natural violence of the 
fea, or the poflibility of external injuries—from thefe 
confiderations, it appeared to me highly proper to put 

a period to the outwork of the prefent leafon." 
At the commencement of the following yrear, 175 

the weather proved very tempehuous till March ; and 
on vifiting the rock, they difeovered that the great buoy 
on the moorings had been carried aw'ay ; nor were the 
mooring chains, though fought with the greated perse¬ 

verance, recovered till the middle of Ivlay. In conse¬ 
quence of this* delay, and from other accidents, the 
tenth courfe of the building was not completed till the 
5th of July. From this time, the progrefs was with¬ 
out any very material interruption ; fo that on the 26th 
of September the 25th courfe, being the fird of the 
fuperdru&ure, was finifhed. The work was now fo far 
advanced, that Mr Smeaton made a propofal to the 
Trinity Board and to the proprietors, of exhibiting a 
light during the enfuing winter ; and for this purpofe 
he continued his operations longer than he otherwife 
would have done, in order to complete the fird room, 
and make it habitable ; but foul weather coming on, 
he was obliged to quit the rock, and returned to Ply¬ 
mouth. A dorm enfued; and, on the next morning, 
looking out with his telefcope, he could difeern the 

houfe with the fea breaking over it, but nothing of the 
bufs. On the following day, the air being more clear, 

he had a diftin£t view of the building ; but the bufs 
was really gone. This was a day of double regret, as 
it likewife brought a negative on his propofal for exhi¬ 

biting a light from the houfe during the winter. 1 he 
bufs had run into Dartmouth harbour; (lie w^as brought 
home ; and the work on the rock being fecured againft 
the winter, the operations of the third fealon were 

clofed. 
During the early part of 1759’ Smeaton was 

employed in London in forming and making out the 
neceffary defigns for the iron rails of the balcony, the 
cad iron, the wrought iron, and the copper works for 
the lantern, together w ith the plate glafs work. It was 
not till the 22d of June that he arvived at Plymouth. 
As the moorings had been again lob, new^ chains 
were provided, and the bufs was once more fixed in 
her fituation. On the 5th of July he landed on the 
rock, and found every thing perfectly found and firm, 
without the lead perceptible alteration, excepting that 
the cement, ufed in the fird year, now in appearance 
approached the hardneis of the moorhone ; and that 
ufed in the lad year had the full hardnefs of Portland y 
but on hauling up the bones for the next circle from 
the bore-room, where they had been depofited, he. had 
the mortification to find only feven indead of eighth 
It wras imagined that a body of falling water, making 
its way through the open ribs of the centre, had wafh¬ 
ed this done out of the bore-room door, though it 

weighed between four and five hundred weight. by continuing out to the month ot iNovemDer, ami uuw wcigm-vi * — 7 oh 
little we in reality did after this time, it appear- 1 he progrefs of the work, however, w 
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Edyftone. thrt a whole room, with its vaulted cover, was built 
"—'■v— complete in feven days. 

On the i)th of Augufl the main column was com¬ 
pleted. 

On the 27th Mr Richardfon and his company left 
the Edyftone, and gave an account that they had lived 
in it fince the 23d, having found it much more w^arm 
than the bufs’s hold and cabin. 

They nad now finifhed every thing belonging to the 
mafonry. The work of the cupola w as going on brifk- 
Jy in the yard at Mill-bay, though it was retarded by 

the fucctffive illnefles of the two principal copperfmitlis. 
However, by the exertions of Mr Smeaton, who was 
himfelf ready to work at every bufinefs, all matters 
were put in fuch forwardnefs, that by the 8th of Sep¬ 
tember there wTas nothing to prevent the frame of the 
lantern from being fixed in its place but bad weather. 
It was not till the 15th that the weather permitted the 
boats to deliver their cargoes. The 161I1 was remark¬ 
ably fine ; fo that by the evening the whole frame of 
the lantern was ferewed together, and fixed in its place. 
On the 17th, w'hich was alfo exceedingly fine, the cu¬ 
pola was brought out, and the (hears and tackle wrere 
fet up for hoifting it. 

“ This (fays Mr Smeaton) perhaps may be account¬ 
ed one of the moft difficult and hazardous operations of 
the whole undertaking ; not fo much on account of 
its weight, being only about 11 cwt. as on account of 
the great height to which it w^as to be hoifted clear of 
the building, and fo as, if pcffihle, to avoid fuch blows 
as might bruife it. It was alfo required to be hoilled 
a confiderable height above the balcony floor ; which, 
though the largeft bafe that we had for the (hears to 
(land on, wras yet but 14 feet within the rails, and there¬ 
fore narrow in proportion to their height. About 
noon the w-hole of our tackle was in readinefs ; and in 
the afternoon the Wefton (boat) was brought into the 
gut, and in lefs than half an hour her troublefome car¬ 
go w'as placed on the top of the lantern without the 
leafl: damage. During the wffiole of this operation it 
pleafed God that not a breath of w ind difeompofed the 
furface of the water, and there w'as the kail fwell about 
the rocks I had obferved during the feafon. 

“ Tuefday, September 18th, in the morning, 1 had 
the fatisfaflion to perceive the Edyftone boat, on board 
of which I expedled the ball to be ; and which be¬ 
ing double gilt, I had ordered the carriage of it to 
be carefully attended to. The wind and tide were 
both unfavourable to the vefRPs getting foon near us ; 
therefore, being defirous to get the ball ferewed on 
before the (hears and tackle were taken down, one of 
the yawds was difpatched to bring it away. This be¬ 
ing done, and the ball fixed, the (hears and tackle wrere 
taken dow'n, which took up nearly as much time as w as 
employed in fetting them up ; that is, near 12 hours 
each, in the whole, to do the wrork of an hour.— I muft 
obferve, that by choice I ferewed on the ball with mine 
own hands, that in cafe any of the ferew^s had not held 
quite tight and firm, the circumftance might not have 
been (lipped over without my knowledge ; being w'ell 
aware, that even this part wnuld at times come to a 
confiderable ftrefs of wind and fea, and which could 
not be replaced without fome difficulty in cafe any 
thing fhould fail.—It may not be amifs to intimate to 
thofe who may in future have to perform the fame ope¬ 

ration, that the fcaffold on which this was done con- 

lifted of four boards only, w'ell nailed together, at fuch Edyftone. 
diftances as to permit it to be lifted over the ball when V—— 
done with. It refted on the cupola, encompaffing its 
neck ; and Roger Corntlwaite, one of the mafons, pla¬ 
ced himlelf on the oppofite fide upon it, to balance me 
while I moved round to fix the ferews.” 

Refpedling the difpolition of the internal part of the 
edifice, Mr Smeaton fixed the beds in the uppermoft 
room, and the fire-place, which couftituted the kitchen, 
in the room below it ; whereas, in the late lioule, the 
upper room was the kitchen, and the beds w7ere placed 
in one of the rooms below : the confequence of which 
was, that the beds and bedding were generally in a very 
damp and difagreeable ftate. The prelent difpolition has 
perfectly anfwered the end propoied, as nothing can be 
more completely' dry than the twro habitable rooms. 

On the 1 ft of Odfober, every thing being finiftied, 
and the chandeliers hung, there wras nothing to hinder 
a trial by lighting the candles in the day-time. Ac¬ 
cordingly 24 candles were put into their proper places, 
and were continued burning for three hours, during 
which time it blewr a hard gale ; and a fire being kept 
at the fame time in the kitchen, they both operated 
without any interference ; not any degree of (moke ap¬ 
pearing in the lantern nor in any of the rooms : and 
by opening the vent-holes, which had been made in the 
bottom of the lantern for occafional ufc, it could be 
kept quite cool ; whereas, in the late light-houfe, it 
ufed to be fo hot, efpecially in the fummer, as to givV~ 
much trouble by the running of the candles. 

All being thus in readinefs, and a conductor, in cafe 
of lightning, being adapted to tlie building, notice was 
given to the Trinity-houfe that the light would be ex¬ 
hibited on the 16th of Odfcber 1759. The feafon of 
the year being now advanced to that which w-as always 
very precarious, the Neptune bufs was uj’.moored, and 
on the 9th of Odtoher (he came to an anchor in Ply¬ 
mouth harbour.— “ And thus (fays Mr Smeaton), af¬ 
ter innumerable difficulties and dangers, was a happy 
period put to this undeitaking, without the lofs of life 
or limb to any ore concerned in it, or accident, by which 
the work could be faid to be materially retarded.” 

With regard to fubfequent occurrences, it is truly 
obferved, that the heft account is, that after a trial of 
40 years, which have tlapfed fince the finifhiiig of the 
building, it Kill remains in its original good condition. 
A few particulars are however interefting. On the 19th 
of October Mr Smeaton, with Mr jeifop, &e. vifited 
the houfe, and, landing, found all well. Henry Ed- 
wards, one of the light-keepers, gave an account that 
they lighted the houfe as they were dire&ed, and found 
the lights to burn fteadily, notwithstanding it blewr very 
hard ; that they had the greateft feas on the days im¬ 
mediately preceding the lighting ; and that then the 
w'aves broke up fo high, that had they not been thrown 
off by the cove courfe, they wrould have endangered 
breaking the glafs in the lantern ; that wdien the feas. 
broke the higheft, they had experienced a fenfible mo¬ 
tion ; but that, as it was; barely perceptible, it had oc- 
cafioned them neither fear nor furprife. 

During his ftay at Plymouth, in the times of ftormy 
weather, Mr Smeaton took feveral opportunities of 
viewing the light-houfe with his telefcope from the 
Hoa, and alfo from the garrifon j both which places 
were fufficiently elevated to fee the bafe of the buildings 

and the whole of the rock at low water in clear wea¬ 

ther 1 



E D Y [ 55 8 ] E D Y 
Edyftone. ther ; and though lie had many occafions of vievying 
-v-the unfinished building when buried in the waves in a 

{form at fouth-weft, yet having never before had a 
view of it under this circumflance in its finished ftate, 
he was aftoniShed to find that the account given by Mr 
Win Hanley did not appear to be at all exaggerated. 
At intervals of a minute, and fometimes of two or three, 
when a combination happened to produce one over¬ 
grown wave, it would flrike the rock and the building 
conjointly, and fly up in a white column, enwrapping it 
like a Sheet, rifmg at leafl to double the height of the 
houfe, and totally intercepting it from the Sight ; and 
this appearance being momentary, both as to its rifing 
ai d falling, he was enabled to judge of the comparative 
height very nearly by the comparative fpaces, alternate¬ 
ly occupied by the houfe and by the column of water 

in the field of the telefcope. 
The year 1759 concluded with fome very Stormy wea¬ 

ther; and in January 1760, Mr JeSTop vifited the houfe, 
hut could not land.. He got a letter, however, from 
Henry Edwards, acquainting him that there had been 
fuch very bad weather that the fea frequently ran over 
the houfe ; fo that for 12 days together they could not 
open the door of the lantern nor any other. He faid, 
“ the houfe did Shake as if a man had been up in a 
great tree. The old men were almoft frighted out of 
their lives, wishing they had never feen the place, and 
curling thofe that fir ft perfuaded them to go there. 
The fear feized them in the back ; but rubbing them 
with oil of turpentine gave them relief.” He farther 
mentioned, that on the 5th of December, at night, they 
had a very great Storm ; So that the ladder, which was 
lafned below the entry door, broke loofe, and was wafhed 
away. Alfo, on the 13th, there was fo violent a Storm of 
wind that he thought the houfe would overfet ; and at 
midnight the fea broke one pane of glafs in the lantern. 
They had a very melancholy time of it, having alfo had 
a great deal of thunder and lightning.—“ The Storms 
(obferves Mr Smeaton) which the building has now 
fuftained without material damage, convince us, and 
every one, of the Stability of the Stone light-houfe, ex¬ 
cept thofe (who are not a few) who had taken a no¬ 

tion that nothing but wood could refill the fea upon Edyftone 
the Edyftone rocks ; who faid, that though they allow- J1 
ed it was built very Strong, yet if fuch a Storm as had £ e 10n,V 
destroyed Winftanley's light-houfe was again to hap¬ 
pen, they doubted not but it muSt Share the fame fate. 
The year 1762 was ufhered in with Stormy weather, 
and indeed produced a tempelt of the firft magnitude ; 
the rage of which was fo great, that one of thofe who 
had been ufed to predict its downfal was heard to fay. 
If the Edyltone light-houfe is Standing now, it will 
Stand till the day of judgment. And, in reality, from 
this time, its existence has been fo entirely laid out of 
mens minds, that whatever Storms have happened fince, 
no inquiry has ever been made concerning it.” 

For the length of this detail we cannot bring our- 
felves to make any apology. If there be a few of our 
readers to whom it may appear tedious, we are per¬ 
fuaded that there are many more to whom it will be 
in a high degree interesting ; while Such of them as are 
engineers will derive instruction even from this very 
abridged hiStory of the Edyftone light-houfe. 

EFFECTION, denotes the geometrical conflruCtion 
of a proposition. The term is alfo ufed in reference to 
problems and practices, which, when they are deducible 
from, or founded upon, fome general propofitions, are 
called the geometrical ejfeBion of them. 

ELASTICITY. In addition to the article in the 
Encyclopedia, fee, in this Supplement, the view of Bos- 
covich’s theory of natural philofophy, n° 26. 

ELECTIONS, or Choice, fignify the feveral dif¬ 
ferent ways of taking any number of things propofed, 
either feparately, or as combined in pairs, in threes, in 
fours, &c. ; not as to the order, but only as to the 
number and variety of them. Thus, of the things a, bf 
c, d, e, gee. the ele&ions of 
one thing are (a,) 1 ~ 21—r, 

two things are (a, b, ah,) 3 = 2*—1, 

three things are (#, b, c, ab, ac, be, a be,) 7 rr 2 *— I, 
gee.; and of any numbers, all the elections are 2n—1 ; 
that is, one lefs than the power of 2 whofe exponent is 
n, the number of Angle things to be chofei*, either fe¬ 
parately or in combination. 

ELECTRICITY. 

YTE cannot but be fome what furprifed that, among 
* * the many attempts which have been made by 

the philofophers of Britain to explain the wonderful 
phenomena which are claSTed under this name, no author 
of eminence, befides the Hon. Mr Cavendifh and Lord 
Mahon, have availed themfelves of their fufeeptibility of 
^mathematical difcuSIion ; and our wonder is the great¬ 
er, becaufe it was by a mathematical view of the fubjeCt, 
in the phenomena of attraction and repulfion, that the 
celebrated philofopher Franklin was led to the only 
knowledge of eleCtricity that deferves the name of fei- 
ence ; for we had fcarcely any leading faCts, by which 
we could clafs the phenomena, till he published his the¬ 
ory ofpofitive and negative, or plus and minus, eleCtricity. 
This is founded entirely on the phenomena of attra&ion 
and repulfion. 1 hefe furnifh us with all the indications 
of the prefence of the mighty agent, and the marks of 
its kind, and the meafures of its force. Mechanical 

-force accompanies every other appearance 5 and this ac¬ 

companiment is regulated in a determinate manner. 
Many of the efFeCts of eleCtricity are ftridly mechanical, 
producing local motion in the fame manner as magne- 
tifm or gravitation produce it. One Should have ex- 
peCted that the countrymen of Newton, prompted by 
his fuccefs and his fame, would take to this mode of ex¬ 
amination, and would have endeavoured to deduce, from 
the laws obferved in the aCtion of this motive force, an 
explanation of other wonderful phenomena, which are 
infeparably connected with thofe of attraction and re¬ 
pulfion. 

But this has not been the cafe, if we except the la¬ 
bours of the two philofophers above mentioned, and a 
few very obvious pofitions, which muft occur to all the 
inventors and improvers of electrometers, batteries, and 
other things of meafurable ndture. 

This view has, however, been taken of the fubjeCf 
by a philofopher of unqueftioned merit, Mr JEpinus 

of the Imperial Academy of St Peterfburgh. This 
gentleman* 
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gentleman, ftruck with the refemblance of the eledrici- 
cal properties of the tourmalin to the properties of a 
magnet, which have always been conlidered as the fub- 
jed of mathematical difcufiion, fortunately remarked a 
wonderful fimilarity in the whole feries of eledrical and 

magnetical attradions and repnlfions, and fet himfelf 
ferioufly to the claffification of them. Having done 
this with great fuccefs, and having maturely refleded 

on Dr Franklin’s happy thought of plus and minus elec¬ 
tricity, and his confequent theory of the Leyden phial, 
he at laft hit on a mode of conceiving the whole fubjed 
of magnetifm and eledricity, that bids fair for leading 
us to a full explanation of all the phenomena ; in as far, 
at leaft, as it enables us to clafs them with precilion, 
and to predict what will be the refult of any propofed 
treatment. He candidly gives it the modeft name of 
a hypothelis. 

This was publifhed at St Peterfburg in 1759, under 
the title of Theoria EleBritatis et Magnetifmi, and is un- 
queftionably one of the moil ingenious and brilliant 
performances of the eighteenth century. It is indeed 
moil furprifing that it is fo little known in this coun¬ 
try. This, we imagine, has been chiefly owing to the 
very flight and almoil unintelligible account which Dr 
Prieftley has given of it in his hiftory of eledricity ; a 
work which profeffes to comprehend .every thing that 
has been done by the philofophers of Europe and Ame¬ 

rica for the advancement of this part of natural fcience, 
and which indeed contains a great deal of inftrudive in¬ 
formation, and, at the fame time, fo many loofe conjec¬ 
tures and iniignificant obfervations, that the reader (e- 
fpecially if acquainted with the Do&or’s charader as 
an unwearied bookmaker) reaforiably believes that he 
has let nothing flip that was worthy of notice. We do 

not pretend to account for the manner in which Dr 
Prieftley has mentioned this work, fo much, and fo de- 
fervedly celebrated on the continent. We cannot thi^k 
that he has read it fo as to comprehend it; and imagine, 
that feeing fo much algebraic notation in every page, 
and being at that time a novice in mathematical learn- 
ing, he contented himfelf with a few fcattered para¬ 
graphs which were free of thofe embaraflments ; and 
thus could only get a very imperfed notion of the fyf- 
tem. The Hon. Mr Cavendiih has done it more juf- 
tice in the 61 ft volume of the Philofophical Tranfac- 
tions, and confiders his own moft excellent difiertation 
only as an extenfion and more accurate application of 
JEpinus’s theory. That we have not an account of this 
expofition of the Franklinian theory of eledricity in our 
language,^ a material want in Britifh literature ; and 
we trull, therefore, that our readers will be highly plea- 
fed with having the ingenious difeoveries of the great 
American philofopher put into a form fo nearly ap¬ 
proaching to a fyftem of demonftrative fcience. 

We propofe, therefore, in this place, to give fuch a 
brief account of jEpinus’s theory of eledricity, as will 
enable the reader to reduce to a very fimple and eaiily 
remembered law all the phenomena of eledricity which 
have any clofe dependence on the mechanical effeds of 
this powerful agent of Nature ; referring for a demon- 
ftration of what is purely mathematical to Sir Ifaac 
Newton’s Principia, and the Diftertation by Mr Ca- 
vendifh already mentioned, except in fuch important 
articles as we think ourfelves able to prefent in a new, 

and^ we hope,, a more familiar form. We do not mean, 
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in this place, to give a fyftem of philofophical eledri¬ 
city, nor even to narrate and explain the more remark¬ 
able phenomena. Of thefe we have already given a 
vaft colledion in the article Electricity, Encycl. We 
confine ourfelves to the phenomena which may be called 
mechanical, producing meafurable motion as their imme¬ 
diate effed ; and thus giving us a principle for the ma¬ 
thematical examination of the caufe of eledrical pheno¬ 
mena, We (hall confider the reader as acquainted with 
the other phyfical effeds of eledricity, and fhall fre¬ 
quently refer to them for proofs. 

Moreover, as our intention is merely to give a fynop- 
tical view of this elaborate and copious performance of 
Mr iEpinus, hoping that it will excite our countrymen 
to a careful perufal of fo valuable a work, we fhall omit 

moft of the algebraic inveftigations contained in it, and 
prefent the conclulions in a more familiar, and not lefs 
convincing form. At the fame time we will infert the 
valuable additions made by Mr Cavendifti, and many 

important particulars not noticed by either of thofe £en- 
tlemen. N 6 

Hypothesis of jEpinus. 
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The phenomena of eledricity are produced by a fluid Hypothefiy, 
of peculiar nature, and therefore called the electric 
fluid, having the following properties : 

r. Its particles repel each other, with a force decrea- 2. 
ling as the diftances increafe. 

2. Its particles attrad the particles of fome ingre¬ 
dient in all other bodies, with a force decreafing, accord¬ 
ing to the fame law, with an increafe of diftance ; and 
this attradion is mutual. 

3. The eledric fluid isdifperfed in the pores of other ^ 
bodies ; and moves, with various degrees of facility, 
through the pores of different kinds of matter. In 
thofe bodies which we call non-eleftrics, fuch as water or 
metals, it moves without any perceivable obftrudion ; 
but in glafs, rofins, and all bodies called electrics, it 
moves with very great difficulty,, or is altogether im¬ 
moveable- 

4. The phenomena of eledriefty are of two kinds ; 
r. Such as arife from the adual motion of the fluid 
from a body containing more into one containing lefs 
of it. 2. Such as do not immediately arife from this 
transference, hut are inftances of its attradion and re- 
pullion. 

Thefe things being fuppofed, certain confequences ne- 
ceflarily refult from them, which ought to be analogous 
to the obferved phenomena of eledricity, if this hypo- 
thefis be complete, or fome farther modification of the 
aflumed properties is neceffary, in order to make the 
analogy perfed. 

Suppofe the body A (fig. 1.) to contain a certain <£. 
quantity of fluid. Its particles adjoining to the fur. Plate 
face, fuch as P, are attraded by the particles of com-XXiV^ 
mon matter in the body, but repelled by the other par¬ 
ticles of the fluid. The totality of the attradive forces 
ading on P may be equal to the totality of the repul- 
five forces, or may be unequal. If thefe two fums are 
equal, P is in equilibrio, and has no-tendency to change 
its place. But there may be fuch a quantity of fluid 
in the body, that the repulfions of the fluid exceed 
the attradions of the common matter. In this cafe, P 
has a tendency to quit the body, or there is an expul- 

five force ading on it, and it will quit the body if it be 

moveable*. 
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moveable/ Becaufe the fame mufl be admitted in refped 
of every other particle of moveable fluid, it is plain that 

there will be an efflux, till the attraction of the com¬ 
mon matter for the particles of fluid is equal to the re- 
pulfion of the remaining fluid. O 1 the other hand, if 
the primitive repulfion of the fluid ading on the particle 
P be lefs than the att raft ions of the common matter, 
there will be the fame, or at lea ft a fimilar, fuperiority 
of attraction aCting on the fluid refiding in the circum- 
ambient bodies ; and there will be an influx from all 

hands, till ar equilibrium be reftored. 
Hence it follows, that there may always be afligned 

quantity, to any body fuch a quantity of fluid that there {hall be 
wh) foca l tendency either to efflux or influx. But if the quan¬ 

tity be increafed, and nothing prevent the motion, the 
redundant fluid will flow out ; and if the proper quan¬ 
tity be diminifhed, there will be an influx of the fur¬ 
rounding fluid, if not prevented by fome external force. 
This may be called the body’s natural quantity ; 
becaufe the body, when left to itfelf, will always be re¬ 

duced to this flate. 
If two bodies A and B, contain each its natural 

quantity, they will not exert any fenlible aClion on each 
other ; for, becaufe the fluid contained in B is united 
by attraction to the common matter, and is alfo repel¬ 
led by the fluid in A, it neceflarily follows that the 
whole body B is repelled by the fluid in A. But, on 
the other hand, the matter in A attracts the fluid in 

B, and confequently attra&s the whole body B : Simi¬ 
lar aCtion is exerted by B on A. Thefe contrary for¬ 
ces are either equal, and deflroy each other, or unequal, 
and one of them prevails. This equality or inequality 
evidently depends on the quantity of fluid contained in ' 
one or both of the bodies (n° 7.) Now it is known 
that bodies left entirely to themfelves neither attraCl 
nor repel ; and it follows from the hypothetical proper¬ 
ties of the fluid, that if there be either a redundancy or 
deficiency of fluid, there will be an efflux or influx, till 
the attractions and repulfions balance each other. There¬ 
fore the internal ftate of two bodies which neither at¬ 
tract' nor repel each other, is that where each contains 

its natural quantity of eleCtric fluid. 
In order, therefore, to conceive diflinCUy the ftate of 

a body containing its natural quantity, and to have a 
diftinCf notion of this natural quantity, we muft fuppofe 
that the quantity of fluid competent to a particle of 
matter in A repels the fluid competent to a particle of 
matter in B, juft as much as it attra&s that particle of 
matter ; and alfo, that the fluid belonging to a particle 
of matter in A, repels the fluid belonging to a particle 
of matter in B, juft as much as the particle of matter 
in A attra&s it. Thus the whole fluid in the one re¬ 
pels the whole fluid in the other as much as it attraCts 

the whole matter. 
Since this muft be conceived of every particle of com¬ 

mon matter in a body, we muft admit, that when a body 
is in its natural ftate, the quantity of eleClric fluid in it 
is proportional to the quantity of matter, every particle 
being united with an equal quantity of fluid. This, 
however, does not neceflarily require that different 
kinds of matter, in their natural or faturated ftate, {hall 
contain the fame proportion of fluid. It is fufticient 
that each contains fuch a quantity, uniformly diftribu- 
ted among its particles, that its repulfion for the fluid 
in another body is equal to its attra&ion for the com- 
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mon matter in it. It is, however, more probable, for 
reafons to be given afterwards, that the quantity of elec¬ 
tric fluid attached, or competent, to a particle of all 

kinds of matter is the fame. 
We fhall now confider more particularly the imme¬ 

diate refults of this hypothecs, in the moft iimple cafes, 
from which we may derive fome elementary propoii- 

tions. 10 
Since our hypothecs is accommodated to the fa£l, Ele&ric 

that bodies in their natural ftate, having their natural phenomena 

quantity of electric fluid, are altogether inactive on 

other, by making this natural quantity fuch, that itsor acficien. 
mutual repulfion exactly balances its attraftion for thecy in flu:d, 
common matter —it follows, that we muft deduce all the ^alorpa;.; 

ele&ric phenomena from a redundancy or deficiency oftia* 

ele&ric fluid. This accordingly is the Franklinian 
do&rine. The redundant ftate of a body is called by 
Dr Franklin positive or plus electricity, and the 

deficient ftate is called negative or minus electri¬ 

city. 
A body may contain more than its natural quantity, 

or lefs, in every part, or it may be redundant in one 
place and deficient in another. Thefe different condi¬ 

tions will exhibit different appearances, which muft be 

confidered firft of all. it 
Let the body (fig. I.) be fuppofed in its natural A6lion of 

ftate throughout, which we (hall generally exprefs bY *£*"*!* 
faying that it is saturated ; and let us exprefs the(.r matteri 

quantity of fluid required for its faturation by the fym-howcom- 
bol Let P be a fuperficial particle of the fluid. It puted. 

is attracted by the common matter of the body (which 
we fhall in future call Amply the matter), and it is re- 

• pelled equally by the fluid. Let us call the attra&ion 
a, and the repulfion r. Then the force with which the 

fuperficial particle is attracted by the body, muft be 
— a — r, and a — r muft be zr o, becaufe a =: r. Let 
the quantity^of fluid be added to the body, and uni¬ 
formly diftributed through its fubftance. Then, be¬ 
caufe we muft admit that the a6tion is in, proportion 

to the quantity of adling fluid, and this is now Qjp/’ 

and therefore we have Qj Qj+- /= r 
q-f/xr. 

P is repelled by the whole fluid with the force 

or 2£+£, or r But 'lt ls attra&ed 

common matter in the fame manner as before, that is, 

with a force .= a. Therefore the whole adlion on P is 

lL 
q: 

Tn . But i 

by the 

o. Therefore the whole 

a&ion on P is = —fr ; that is, P is repelled with the 

fo,ce^£ ^ 

This will perhaps be as diftin&ly conceived by recol- 
ledling^that as much of the fluid as was neceffary for 
faturation, that is, the quantity Q^, puts tlie particle P 
in equilibrio ; and therefore we need only conlider the 

a&ion of the redundant fluid f. To find the repulfive 

force of this, fay Qj /= r anc* Pre6x the fign 

— ; becaufe we are to confider attra&ions as pofitive, 

and repulfions as negative, quantities. 
Unlefs, therefore, the particle Phe withheld by fome o- 

ther 



ELECTRICITY. 

States of a 

body cau- 
fing efflux 
or influx. 

n ther force, it will quit the body, being expelled by a force 

fr 
J—. And as every fuperficial particle is in a fimilar 

fituation, we fee that there will be an efflux from an 
overcharged body, till all the redundant fluid has quit¬ 

ted it. This efflux will indeed gradually diminith as 
f r . , . 

the expelling force‘—^diminifhes ; that is, as f dimi- 

nifhes, but will never ceafe till /be reduced to nothing. 

But if there be either an external force ading on the 
fuperficial fluid in the oppofite diredion, or fome inter¬ 
nal obllrudion to its motion, the efflux will flop when 

the remaining expelling force is jufl in equilibrio with 

this external force, or this obftrudion 
On the other hand, if the body contains lefs than its 

natural quantity of fluid, there will be an influx from 

without; for if there be a deficiency of fluid ~/, the 

particle P will be repelled with the foice 5— 

. It is attraded with the force a ; and there- 

r == o) ; that is, P is attraded with the force 
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fore the whole adion is = a ■ 

Fluid will therefore enter from all quarters, as 

caufe a 

ff 

0/ 
long as there is any deficiency of the quantity necef- 
fary for faturation, unlefs it be oppofed by fome exter¬ 
nal force, or hindered by fome internal obftrudion. 

When there is a deficiency of fluid, there is a redun¬ 

dancy of matter, fuch that its attradion for external 
fluid is equal to the repulfion of a quantity f of fluid. 
This confirms the affumption in n° 10, that the afiion 

of a body on the define fluid depends entirely on the re- 

lA dundant fluids or the redundant matter of the body. 
Howbodies The efflux or influx may be prevented, either by fur- 
are ideo- rounding the body with fubflances, through the pores 

Rorfelec°r which the fluid cannot move at all, or by the body 
ttlCg, itfelf being of this conflitution. And thus we fee, that 

the very circumfiance of being impervious to the fluid, 
or completely permeable, renders the body capable or 

incapable of permanently exhibiting eledrical pheno¬ 

mena, if furrounded by permeable bodies. This cir- 
cumftance alone, therefore, is fuflicient to conflitute the 

difference between defines per fey and non-elefirics.— 
Here, then, is a numerous clafs of phenomena, which 
receive an explanation by this hypothetical conflitution 

of the eledric fluid. All electrics per fe are bodies fit 
for confining eledricity in bodies which are rendered 

capable (by whatever means) of producing eledrical 
phenomena ; and no condudor, or fubflance which al¬ 
lows the eledricity to pafs through it, can be made 

eledric by any of the means which produce that effed 
in infulators. And it is well known that the eledricity 

of eledrics is vaflly more durable than that of non-elec¬ 
trics in fimilar fituations. It is true, indeed, that an 

eledric, which has been excited fo as to exhibit eledric 
phenomena with great vivacity, lofes this power very 
quickly if plunged into water, or any other conduding 
body. But this is owing to the redundancy or defi¬ 
ciency being quite fuperficial, fo that the parts which 

are difpofed to give out or to take in the fluid are in 
immediate contad with the conduding matter. That 

Suppl. Vol. I. Part II. 

the redundancy or deficiency is fuperficial, follows from 

this hypothefis ; for when the furface is overcharged 
by the means employed for exciting, the impermeabili¬ 

ty of the eledric per fe prevents this redundant fluid 
from penetrating to any depth ; and when the furface 

has been rendered deficient in fluid, the fame impermea¬ 
bility prevents the fluid from expanding from the inte¬ 
rior parts, fo as to contribute to the replenifiiing the 

fuperficial llratum with fluid. If, indeed, we could fall 
011 any way of overcharging the interior parts of a glafs 

ball, or of abflrading the natural quantity from them, it 

is highly probable, that it would continue to attiad or 
repel even after it had been plunged in water. Although 

the furrounding water would inftantly take off the fluid 

redundant contained in the very furface, the repulfion 
of the fluid in the internal parts would flill be fenfible; 
nay, if a very fmall permeability be fuppofed, the body 

would again become overcharged at the furface; jufl as 

we fee, that when we plunge a red-hot ball of iron into 
water, and take it out again immediately, it is black on 

the furface, and may be touched with the finger ; but 

in half a minute after, it again becomes red hot. Per¬ 
haps this may be accomplifhed with a globe of fealing 
wax, which is permeable while liquid, by eledrifying it 
in a particular way while in that ilate, and allowing it 

to freeze. But the reader is not far enough advanced 

in the hypothefis to underlland the procefs which mull 

be followed. He cannot but recoiled, however, many 

examples in coated glafs, &c. where the eledricity is 
mod pertinacioufly retained by a furface in very clofe 
contad with condudors. 

Let us now fuppofe a body NS (fig. 2.) contain-Confequcn* 
ing in the half NA a quantity f of redundant fluid,ces of ure- 
and in the half AS let there be a deficiency g of fluid 

that is, let there be a quantity of matter unfaturated,^^ j° 
arid fuch as will attrad fluid as much as the quantity ^tion on ex- 
of fluid would repel it. Let the fluid neceffary for thermal fluid, 

faturation of~each half of NS be Q^, as before. Let 
the attradion of the whole matter of NA for a par¬ 

ticle of fluid at N be a ; and let r be the repulfion 
exerted on the fame particle N by the whole uni¬ 

formly diftributed fluid in NA, and let tJ be the repul¬ 

fion exerted by the fame quantity of fluid in the re¬ 

mote part SA. Then the force with which the par¬ 
ticle N or S is attraded by the merely faturated body 
NS muff be n a — r — r. This is evidently no¬ 
thing, if the body be in its natural flate. But as NA 

contains the redundant fluid f and SA is deficient by 

Q+/x»- 

T? 

the quantity g, the whole adion muff be a 

_ CL g X ^ 

Q_ 

adion becomes =: 

But becaufe a — r 

CL 

r* -=z o, the 

S *•' —fr 

CL 
, or becaufe r is greater 

fr—gr'. 

,9~. 

than r, the particle N is repelled with the force' 

In like manner the particle S is attraded with~the 

for« 

l6 
In the mean time, a particle C, fituated at the mid-a. Action 

die, muff be in equilibrio, if the body be in its natural01'.the co.n* 

ftate, being equally attraded, and alfo equally repelled,tained 

on both fides. But as we fuppofe that NA is overchar- 
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ged with the quantity/, C muft: be repelled in the di- 

redion CS with the force'—. And if we alfo fuppofe 

that AS is deficient by the quantity^, C is attra&ed in 

the diredion CS with a force Therefore, on the 

whole, it is urged in the direction CS with the force 

fr+gr f+gXr 
Q ?or ‘ 

Hence wp learn, that as long as there is any redun¬ 

dancy in AN, and deficiency in AS, there is a tenden¬ 

cy of the redundant fluid to move from N toward S ; 
and, if the body be altogether permeable by the elec¬ 
tric fluid, we cannot have a permanent {late till the 
fluid is fimilarly diftributed, and equally divided, be¬ 

tween the two halves of NS. Therefore a date like 
that aft'umed in this example cannot be permanent in a 
conducing body, unlefs an external force add on it ; 

but it may fubfift in a non-condudor, and in a lelTer de¬ 

gree, in all imperfect condudors. 
It is neceffary, in this place, to confider a little the 

. nature of that refinance which muft be affigned to the 
motion of the electric fluid through the pores of the 
body. If it refemble the refiftance oppofed by a per¬ 

fect fluid, arifing folely from the inertia of its particles; 
then there is no inequality of force fo minute but that 
it will operate a uniform diftribution of the fluid, or at 

leaf!: a diftribution which will make the excefs of the 
mutual attractions and repulfions precifely equal and op- 
pofite to the external force which keeps it in any ftate 
of unequal diftribution. But it may refemble the re¬ 
fiftance to the defcent of a parcel of fmall fhot diflemi- 
nated among a quantity of grain, or the refiftance to 

motion through the pores of a plaftic or dudile body, 
fuch as clay or lead. Here, in order that a particle 
may change its place, it muft overcome the tenacity of 

the adjoining particles of the body. Therefore, when 
an unequal diftribution has been produced by an exter¬ 
nal force, the removal or alteration of that force will 
not be followed by an equable diftribution of the fluid. 
In every part there will remain fuch an inequality of 
diftribution, that the want of equilibrium between the 

eledric attractions or repulfions is balanced by the te¬ 

nacity, of the parts. 
We learn farther from the foregoing propofitions, that 

a particle at N is lefs repelled than if the part AS were 
overcharged as AN is : for in that cafe, it would be ex- 

f xr + P 
pelled by a force  -q——, which is much greater 

■P r _ jt pf 

—— And, in like manner, the particle S 

ap. 

ax. 

than : 

is attradetTwith lefs force than it would be if NA were 

equally undercharged with SA. 
The condition of the body now defcribed may be 

changed by different methods. The redundant fluid 
in AN may flow into AS, where it is deficient, till the 
whole be uniformly diftributed or fluid may efcape 
from AN,, and fluid may enter into AS, till the body 
be in its natural ftate. The firft method will be fo 
much, the flower as the body is lefs permeable, or more 
remarkably elefiric per fe ; and the iecond method will: 
be flower than if the whole body were overcharged or 
undercharged. 

What we have been now faying of a body NS that 

is overcharged at one end, and undercharged at the 
other, and capable of retaining this ftate, is applicable, 
in every particular, to two conducing bodies NA and 

SA', having a non-conduding body Z interpofed be¬ 
tween them, as in fig. 3. All the fprmulas, or expref- 

fions of the forces which tend to expel or to draw in fluid, 
are the fame as before. Perhaps this is the beft way of 
forming to ourfelves a diftind notion of the body that 
is redundant in fluid at one end, and deficient at the 
other. And vve perceive, that the ftate of the two bo¬ 

dies, feparated by the eledric Z, will be more perma¬ 
nent when one is overcharged, and the other under¬ 

charged, than if both are either over or undercharged. 22 
It muft be remarked, that the quantities f and g were A body 

taken at random. They may be fo taken, that then^7^e^n* 
force with which the fluid tends to efcape at N, or to^J^j01 

enter at S, may be nothing, or may even be changed where it is 
to their oppoiite. Thus, in order that there may be redundant 
no tendency to efcape from N, we have only to fuppofe01 deficient, 

f r 
gr’ —fir zz o, or g:f = r : r\ and g n —. In this 

cafe, the particle at N is as much attraded by the re¬ 
dundant matter in SA as it is repelled by the redun¬ 
dant fluid in NA. 

When the extremity N is rendered inactive in this Ccmditiona 
manner, the condition of the other extremity S is con-neceflary 
fiderably changed. To difcover this condition, putf°rthi?. 
/ r g y__ jT 
-jt* in place of^ in the formula --— 

fes 

, which expref- 

the attraction for a particle at S, and we obtain 

/X r2 — rn 

0x 

On the other hand, we may have the redundancy 
and deficiency fo balanced, that there (hall be no ten¬ 

dency to influx at S. For this purpofe, we muft make 
f rr 

g zz —. When this obtains at S, the adion at N 
r • fr' 

will be had by putting J— in place of g in the formula 

24,. 

and this win give 
/Xr'2 — r* 1 J_ 

Or 
for the 

fr—gr' 

force repelling a particle at N. 
When the tendency to efflux or influx is induced in 

this manner, by a due proportion of the redundancy and 
deficiency of eledric fluid, the part of the body where 
this obtains is by no means in its natural ftate, and may 

contain either more or lefs than its natural quantity. 
But it neither ads like an overcharged nor like an un¬ 

dercharged body, and may therefore be called neu¬ 
tral. The reader, who is converfant with eledrical 

experiments, will recoiled numberlefs inftances of this, 
and will alfo recoiled that they are important ones. 
Such, for example, is the cafe with the plates and co¬ 

vers of the eledrophorus, Thefe circumitances, there¬ 
fore, claim particular attention. 

As the quantities / and g may be. fo chofen, that the 

appartns fhall be neutral, either at S or at N ; they may 
likewife be fo, that either end fhall exhibit either the 

appearance of redundancy or deficiency* Thus, inftead of 
neutrality at N, we may have repullion, as at the fxrft, 

f r 
by making s lefs in any degree than*~r. If, on the 

contrary, ^ be greater than*£-T, the extremity N, tho* 

26. 

overcharged, will attrad fluid.. In like manner, if g 
fet 
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ged, will repel fluid.—We may make the following ge¬ 
neral remarks. 

1. Both extremities N and S cannot be neutral at 
the fame time : for fince the neutrality arifes from the 

increafed quantity of redundancy or deficiency at the 
other extremity, fo as to compeufate for its greater di- 
flance, the a&ivity of that extremity mull be propor- 
tionably greater on the fluid adjoining to its furface, 
whether externally or internally. When an overcharged 

extremity is rendered neutral, the other extremity at¬ 
tracts fluid more flrongly ; and when a deficient extre¬ 

mity is rendered neutral, the other repels fluid more 

flrongly. All thefe elementary corollaries will be fully 
verified afterwards, and give clear explanations of the 
mofi curious phenomena. 

2. We have been fuppofing that the redundant fluid 
is uniformly fpread, and that the body is divided into 
equal portions ; but this was merely to fimplify the 
procedure and the formulas. The reader mufl fee that 
the general conclufions are not affe&ed by this, and 
that fimilar formulae will be obtained, whatever is the 
(lifpofition of the fluid. We cannot tell in what man¬ 

ner the redundant fluid is difpofed, even in a body of 
the fimpleft form, till we know what is the variation of 

its attra&ion and repulfion by a change of diflance; and 
even when this has been difeovered, we find it difficult 
in mod cafes, and impoffible in many, to afeertain the 
mode of diflribution. We fhall learn it in fome im¬ 

portant cafes, by means of various phenomena judiciouf- 
ly feledted. 

A body may be confideredin many divifions, in fome 
of which the fluid is redundant, and in others deficient. 

We may exprefs the repulfion of the whole of this body 
in the fame way as we exprefs that of a body confidered 
in two divifions, ufing the letters/, g, h, 8cc. to exprefs 

the quantities of redundant or deficient fluid in each 
portion, while Q^exprefles the quantity neceflary for 
faturating each of them ; and the repulfion at different 
diflances may be exprefled by r, r', r", r"', &c. as 
they are more and more remote ; and we may ex¬ 

prefs their a£hon as attractive or repulfive by prefix¬ 
ing the fign -f or —. Thus the attraction may be 
(fr—gr' + h r" — i r"f) 

*9 . -w 
Senfiblcac- # Having obtained the expreffions of the invifible ac- 
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caufe we nmjl have recourfe to them on many very im- 
portant particular occafions. 

Let there be two bodies, A and B, in their natural 30, 
date. Let the tangible matter in A be called M, and 
let the fluid neceflary for its faturation be called F, and 
let m and f be the tangible matter and the fluid in B. 

Let the mutual adtion between a fingle particle of fluid 

and the matter neceflary for its faturation be exprefled 

by the indeterminate fymbol 2, becaufe it varies by a 
change of didance. 

The actions are mutual and equal. Therefore when 
the motion of B by the adlion of A is determined, the 

motion of A is alfo afeertained. We fhall therefore on¬ 
ly confider how A is affe&ed. 1. Every particle of fluid 

in A tends toward every particle of matter in B with 
the force z. The whole tendency of A toward B may 

therefore be exprefled by s, multiplied by the produd 
of F and m. 2. Every particle of fluid in A is repelled 
by every particle of fluid in B, with the fame force 2. 
3. Every particle of matter in A is attra&ed by every 
particle of fluid in B, with the fame force. We may 
exprefs this more purely and briefly thus: 

1. F tends toward m with the force | Fwz 
2. F tends from f with the force _F / z 

3. M tends towardf with the force -f. Mfz 

tions of electrified bodies on the fluid within them, or 

furrounding them, let us now confider their fenfible ac¬ 
tions on other bodies, producing motion, or tendencies 
to motion. 

Here it is obvious that the mechanical phenomena 
exhibited are what may be called remote effects of the 
acting forces. The immediate effects, or the mutual 
actions .of the particles, are not obferved, but hypothe¬ 
tically inferred. . The tangible matter of the body is 

put in.motion, in confequence of its connection with 
the fluid refiding in the body, which fluid is the only 
lubject of the action of the other body. 

In confidering thefe phenomena, we fhall content 
ourfelves with a more general view of the aaions which 
take place between the fluid or tangible matter of the 
one body, and the fluid or matter of the other, fo as to 

£am our purpofe by more Ample formulas than thofe hi, 
therto employed. They were premifed, however, be. 

Therefore the fenfible tendency of A to or from B will 

be =. 2 X Ym 4- M/— F/. But, by the hvpothefis, 
the attraction of a particle of the fluid in A for a par¬ 

ticle of the matter in*B, is equal to its repulfion for the 

particle or parcel of the fluid attached or competent to 
that particle of matter. Therefore the attraaion Ymz 

is balanced by the repulfion Ffz. Therefore there re¬ 
mains the attraaion of the matter in A for the fluid in 
B unbalanced, and the body A will tend toward the 
body B with the force M/2, or B attraas A with the 

force M/2. A mufl therefore move toward B. And, 
by the 3d law of motion, B mufl move toward A with 
equal force. 

But the faa is, that.no tendency of any kind is ob- Compte- 
lerved between bodies in their natural fiate. The hy-t,on(* the 
pothefis, therefore, is not complete. If we abide by it h>T°befi9 

as far as it is already exprefled, we mufl farther fuppofe!°fM*inus' 
that, there is fome repulfive force exerted between the 
bodies to balance the attraaion of M for/. Mr JEpi- 

nus, therefore, fuppofes, that every particle of tangible 
^matter repels another particle as much as it attraas the 
fluid neceflary for its faturation. The whole aaion of 

B on A will now be = 2 X F#2 — F/ — IvTw 4- Mf. 
r1 im <v 10 U.r T? f . 1 x r . . . 1 */ * Ymz is balanced by Ffz, and'M mz by M f~, and 
no excefs remains on either fide. 

-£pinus acknowledges that this circumftance appear- OWeAons 
ed to himfelf to be hardly admiffible ; it Teeming incon-anWed 
ceivable that a particle in A /ball repel a particle in B 
or tend from it, electrically, while it attraCls it, or tends 
toward it, by planetary gravitation. We cannot con¬ 

ceive this} but more attentive confideration (hewed 
him, that there is nothing in it contrary to the obferved 
analogy of natural operations. We mud acknowledge 

that we fee innumerable inftances of inherent forcesV 

attraction and repulfion ; and nothing hinders u*s from 
referring this lately difeovered power to the clafs of Pri- 

muive and fundamental powers of nature. Nor is there 
any difficulty in reconciling this repullion with univer- 

fal gravitation ; for while bodies are in their natural 
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{late, the dearie attra&ions and repulfions precifely ba¬ 
lance each other, and there is nothing to difturb the 
phenomena of planetary gravitation ; and when bodies 

are not in their natural ele&rical flate, it is a fad that 
their gravitation is difturbed. Although we cannot 

conceive a body to have a tendency to another body, 

and at the fame time a tendency from it, when we de¬ 
rive our notion of thefe tendencies entirely from our 
own confcioufnefs of effort, endeavour, conatus, nifus ac- 
cedendifeu recedendi, nothing is more certain than that 

bodies exhibit at once the appearances which we endea¬ 

vour to exprefs by thefe words. We can bring the 
north poles of two magnets near each other, in which 
cafe they recede from each other ; and if this be pre¬ 
vented by fome obflacle, they prefs on this obflacle, and 

feem to endeavour to feparate. If, while they are* in 

this (late, we electrify one of them, we find that they 
will now approach each other; and we have a diflindl 

proof that both tendencies are in a.dlual exertion by va¬ 
rying their diftances, fo that one or other force may 
prevail ; or by placing a third body, which (hall oe af- 

feaed by the one but not by the other, &c. We do 
not nnderfland, nor can conceive in the lead, how ci¬ 

ther force, or how gravity, reiides in a body ; but the 
effeas are pad contradiaion. It muft be granted, 
therefore, that this additional circumftance of JEpinus’s 
hypothecs has nothing in it that is repugnant to the 

obferved phenomena of Nature. 
N. B. It is not neceffary to fuppofe (although Mr 

iEpinus does fuppofe it), that every atom of tangible 
matter repels every other atom. It will equally explain 

all the phenomena, if we fuppofe that every particle 
contains an atom or ingredient having this property, 

and that it is this atom alone which attracts the parti¬ 

cles of eleftrical fluid. The material atoms having 
this property, and their correfponding atoms of fluid, 
may be very few in comparifon with the number of 

atoms which compofe the tangible matter. Their mu¬ 
tual fpecific adion being very great in comparifon with 
the attradion of gravitation (as we certainly obferve in 

the adion of light), all the phenomena of eledricity 
vail be produced without any fenfible efFed on the phe¬ 
nomena of gravitation, even although neither the eledric 

fluid nor its ally, this ingredient of tangible matter, 
fhonld not gravitate. But this fuppofition is by no 

means neceffary. - 
Since we call that the natural eledneal flate of bo¬ 

dies in which they do not affed each other, and the 
hypothetical powers of the fluid are accommodated to 

this condition, we may confider any body that has 
more than its natural quantity as confiding of a quan¬ 

tity of matter faturated with fluid, and a quantity of 
redundant fluid fuperadded ; and an undercharged body 

may be confidered as confiding of a quantity of matter 
fuperadded. The faturated matter of tliefe two bodies 

will be totally ioadlive on another body in its natural 
date, and will neither attract nor repel it, nor be at- 

tradled nor repelled by it; therefore the a&ion of the 
overcharged body will depend entirely on the redundant 
fluid ; and that of the undercharged body will depend 
entirely..on the redundant matter; therefore we need 
only confider them as confiding of this redundant fluid 
or matter, agreeably to what was faid in more vague 
terms inn0 10. and 13. This will free us from the 
complicated formulae which would otherwife be necef¬ 

fary for exprefiing all the actions of the fluid and tan¬ 

gible matter of two bodies on each other. The refults 
will be fufficiently particular for diflinguiftiing the fen- 
iible adion of bodies in the chief general cafes : hut in 
fome particular and important cafes, it is abfolutely ne¬ 

ceffary to employ every term. ' 33 
1. Suppofe two bodies A and B, containing the Genera! ex- 

quantities F and f of redundant fluid, it is plain that 
their mutual adlion is expreffed by F X/' + and that cai) 0f ^ 
it is a repulfion ; for fince every particle of redundant mutual ac- 
fluid in A repels every particle of redundant fluid in B don. 

with the force z ; and fince F and ff are the numbers 
of fuch particles in each, the whole repuliion muft be 

expreffed by the produdl of thefe numbers. 
2. In like manner, two bodies A and B, containing 34* 

the redundant matter M' and «/, will repel each other 

with the force M' ni z, 
3. And two bodies A and B, one of which A con- 35* 

tains the redundant fluid F, and the other B contains 
the redundant matter mr9 will attradl each other with 

the force F m z. 
4. It follows from thefe premifes, that if either of 30. 

the bodies be in its natural ffate, they will neither at- 
tradl nor repel each other; for, in fuch a cafe, one of 

the fa&ors F', or /', or M', or m'9 which is neceffary 
for making a produtft, is wanting. This may be per¬ 
ceived independent of the mathematical formula; for if 
A contain redundant fluid, and B be in its natural 

flate, every particle of the redundant fluid in A is as 
much repelled by the natural fluid in B as it is attra&ed 

by the tangible matter. > 57 
The three firft propofitions agtee perfe&lv with theSeeming 

known phenomena of eledricity ; for bodies repel paradox, 

each other, whether both are pofitively or both are 

negatively eledrified, and bodies always attradl each 
other when the one is pofitively and the other negative¬ 
ly ele&rified. But the fourth cafe feems very incon- 

fiftent with the molt familiar phenomena. Dr Frank¬ 
lin and all his followers affert, on the contrary, that 
eledrified bodies, whether pofitive or negative, always 
attrad, and are attraded, by all bodies which are in 
their natural ftate of eledricity. But it will be clearly 
(hewn prefently, that they are miftaken, and that 
Franklin’s theory neceffarily fuppofes the truth of the 
fourth propofition, otherwife two bodies in their na¬ 

tural ftate could not be neutral or inadive,. as any one 
may perceive on a very flight examination by the 

Frauklinian principles. It will prefently appear, with 
the fulleft evidence ; and, in the mean time, we proceed 
to explain the adion of bodies which are oveicharged 

in fome part, and undercharged in another. . 38 
Let the body B (fig. 4.) be overcharged in the part Adion of 

B », and undercharged in the part B J, and let/' and* ° 
m' be the redundant fluid and common matter in tholeune- 
parts; let A be overcharged, and contain the rt‘dun-qUab]y 

dant fluid F ; let z and s' exprefs the intenlity of ac-pofed. 

tion correfponding with the diftances of A from the 

overcharged and undercharged parts of B ; the part 

B n repels A with the force F/' z, while the part B s 
attrafts it with the force F ni a: A will therefore be 
attrafted or repelled by B, according as F m z’ is 

greater or lefs than F/' z'; that is, according as tri z< 
is greater or lefs than f z. This, again, depends on 
the proportion of /' to ni, and on the proportion of 
s. to z. The firft depends on many external circum- 
ftances, which may occafion a greater or lefs redundan¬ 

cy or deficiency of eleftrical fluid; the fecond de- 
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pends entirely on the law of eledric attradion and re- 
pulfion, or the change produced ih its intenfity by a 

change of diftance. As we 3re, at prefent, only aim¬ 
ing at very general notions, it is enough to recoiled, 

that all the eledric phenomena, and indeed the general 
analogy of nature, concur in fhewing that the intenfity 
of both forces (attraction and repulfion) decreafes by 
an increafe of diftance; and to combine tin's with that 
civcumftance of the hypothecs which llatcs the repul- 
fion to be equal to the attradion at the fame diftance ; 

therefore both forces vary by the fame law, and we have 
z always greater than s. The vifible adion of B on 
A (which, by the 3d law of motion, is accompanied by 

a fimitar adion of A on B) may be various, even with 
one pofition of B, and will be changed by changing this 
petition. 

1. We may fuppofe that B contains, on the whole, 
its natural quantity, but that part of it is abttra&ed 

from B s, and is crowded into B n, This is a very 
common cafe, as w e fhall fee prefently, and it will be 
exprefled in our formula by making f* rz mIn this 
cafe, therefore, we have ¥’f z greater than ¥ m z, 
becaufe z is greater than z', A will therefore be re¬ 
pelled by B, and will repel it; and the repulfion will be 

F>/' X z—~z'. 
It is evident that if A be placed on the other fide 

of B, the appearances will be reverfed, and the bodies 

will attrad each other with the force F'f'Xz — z'. 
It is alfo plain, that if A be as much undercharged 

as we have fuppofed it overcharged, all the appearances 
will be reverfed ; if on the undercharged fide of B, it 
will be repelled; and if on the overcharged lide of B, 
it will be attracted. 

2. Jf the redundancy and deficiency in the two por¬ 
tions of B be inverfely proportional to the forces, fo 

that F{ : m’ zz z': zy we fhall have fzzz mr z, and m' 

In this cafe thtfe two adions balance each 

other, and A is neither attra&ed nor repelled when at 

this precife diftance from the overcharged fide of B. 
B may he faid to be neutral with refped to A, al¬ 
though A and the adjoining fide of B are both over¬ 
charged. 

• But if A be placed at the fame diftance on the other 

fide of B, the effed will be very different : For be- 
f z 

caufe m! = and m' zf is now changed into m zf and 

f z into f z\ we have the adion on A = F X 

—f' z'), F f X ~-^-5- ; that is, A is ftrongly at¬ 

tracted. 
In like manner, f' and mr may be fo proportioned, 

that when A, containing redundant fluid, is placed near 
the undercharged end of s B, it fhall neither be attract¬ 
ed nor repelled, B becoming neutral with regard to A 

at that precife diftance. For this purpofe m! muft be 

And if A be now placed at the fame diftance 

on the other fide of B, it will be repelled with the force 

F /' X 
z 

Thus, when the overcharged end is rendered neutral 

to an overcharged body, the other end ftrongly attrads 
it; and when the undercharged end is rendered neutral 
to the fame body, the overcharged end ftrongly repels it. 

Similar appearances are exhibited when A is under¬ 
charged. 

Thefe cafes are of frequent occurrence, and are im¬ 

portant, as will appear afterwards. 
It is eafy now to fee what changes will be made on 41* 

the aCtion of B on A, by changing the proportion of 

f and mr. If m' be made greater than ^-5-, A will be 

attracted in the fttuation where it was formerly neutral; 
and if m' be made lefs, A will be repelled, &c. &c. 

Therefore, when we obferve B to be neutral, or at¬ 

tractive, or repuliive, we muft conclude that m is equal 

to , or greater or lefs than it, Sec, 
z 

We have been thus minute, that the reader may per¬ 
ceive the agreement between this aCtion on a body con¬ 
taining redundant fluid, and the aCtion on the fuperfi- 

cial fluid formerly contidered in n° 21, 2 2, 23, 24. 
When thefe things are attended to, wc fhall explain, 
with great eafe, all the curious phenomena of the elec- 
trophorus. * 

There is another circumftance to be attended to here, Neutrality 
which will alfo explain fome eledrical appearances that£en.crally 
feem very puzzling. We limited the inactivity of 

to a certain precife diftance of the body A. This in- fauce. im- 

aCtivity required that rn fhould be = f~. If A be fiction' 

brought nearer, both z and z are increafed. If theyfrom this, 
are both increafed in the fame proportion, the value of 

— will be the fame as before, and the body A will nei- 
z 

ther be attracted nor repelled at this new diftance. But 
if 21 increafe fafter than zr, we (hall have f z greater 

than m' z'f and A will be repelled ; and if z increafes 
more flowly than z, A will be attraCled by bringing it 
nearer. The contrary effeCts will be obferved if A be 
removed farther from the overcharged end of B. This 

explains many curious phenomena; and thofe phenome¬ 
na become iiiftrudive, becaufe they enable us to difeo- 
ver the law of eledric aCtion, by fhewing us the man¬ 
ner in which it diminifhes by a change of diftance. E- 

ledricians cannot but recoiled many inftances, in which, 
the motion of the eledrometer appeared very caprici¬ 
ous. The general fad is, that when an overcharged 
pith ball is fo fituatcd near the overcharged fide of the 

eledrophorus as to be neutral, it is repelled when 
brought nearer, but attraded when removed to a great¬ 
er diftance. This fhews that z increafes fafter than zr 
when A is brought nearer to B. Now, fmee the bo¬ 
dies may be again rendered neutral at a greater diftance 
than before, and the fame appearances are ftill obferved, 
it follows, that the law of adion is fueli, that every di¬ 
minution of diftance caufcs z to increafe fafter than 
We fhall find this to be valuable information. 

Let us, in the laft place, inquire into the fenfible ef- A&itn 
fed on A when it alfo is partly overcharged and partly when the 

undercharged. This is a much more complicated cafe,^ui<i 1S nnc,‘ 
and is fufceptible of great variety of external appearan-^r^1.7^ 

ces, according to the degrees of redundancy and deft-both bodies, 
ciency, and according to the kind of eledricity (pofi- 

tive or negative) of the ends which front each other. 

Firft^ 
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Firft, then, let the overcharged end of A (fig. 5.) 

'fron the undercharged end of B, they being overchar¬ 
ged in N and //, but undercharged in S and s. Let F 
'and/he the quantity of fluid natural to each ; and let 
’F' and/ be the redundancy in N and w, and M7 and mr 
the deficiency in S and s. Moreover, let Z and Z re¬ 
present the intenfity of a&ions of a particle in N on a 
particle in n and j- ; and let z and z', reprefent the ac¬ 
tions of a particle in S on a particle in n and in s ; or, 
in other words, let Z, Z', z, z, reprefent the intenfity 
-of adtion between particle and particle, correfponding 

to the diftances N j, N n9 S s, S n. 
Proceeding in the fame manner as in the former ex¬ 

amples, we eafily fee, that the adlion of B on A is zr 

F m' Z — F/ 7J~ M7 nt z + M’f z( 

F/ 
the attrac- 

cafe, the formula becomes 

tions are confidered as pofitive quantities, having the 

fign -{- prefixed to them, and the repulfions are nega¬ 
tive, having the fign —. 

This adtion will be either attradlive or repulfive, ac¬ 
cording as the fum of the firft and laft terms of the nu¬ 
merator exceeds or falls fhort of the fum of the fecond 
and third : And the value of each term -will be greater 
or lefs, according to the quantity of redundant fluid and 
matter, and alfo according to the intenfity of the elec¬ 
tric adtion. It would require Several pages to date all 

thofe poffible varieties. We Shall therefore content 
ourfelves at prefent with dating the fimplefl cafe ; be- 
caufe a clear conception of this will enable the reader 
to form a pretty diftindt notion of the other poflible 
cafes ; and alfo, becaufe this cafe is very frequent, and 
is the mod ufeful for the explanation of phenomena. 

We Shall fuppofe, that the redundant part of each 
body is jud as much overcharged as the deficient part 

is undercharged ; fo that F =-M', and ff = m. In this 
F /' (Z —Z' —* + */ 

Ff 
Here we fee that the fenfible or external effedf on 

A depends entirely on the law of eledfric adtion, or the 

variation of its intenfity by a change of didance. If 

the fum of Z and zf exceed the fum of Z' and x, A 
will be attra&ed ; but if Z + z’ be lefs than Z' + z, 
A will be repelled. This circumdance fuggeds to us a 
very perfpicuoua method of exprefGng thefe adlions be¬ 

tween particle and particle, fo that the imagination 
Shall have a ready conception of the circumdance which 
determines the external complicated effedt of this inter- more than T /. 

nal adlion. This will be obtained by meafuring off 
from a fixed point of a draight line portions refpedfive- 

ly equal to the didances N s, N n, S s, and S n9 between 
the points of the two bodies A and B, where we fup¬ 
pofe the forces of the redundant fluid and redundant 
matter to be concentrated, and eredl ordinates having 
the proportion of thofe forces. If the law of adtion be 

known, even though very imperfedlly, we fhall fee, 
with one glance, of which kind the movements or ten¬ 

dencies of the bodies will be. Thus, in fig. 5. draw¬ 
ing the line C a, take = = Cr=Sj, 
and C t = Sfl, and eredl the ordinates PQjjr, 11 r, 
and T t. If the eledlric adtion be like all the other 

attradtions and repulfions which we are familiarly ac¬ 
quainted with, decreafing with an increafe of diftance, 
and decreafing more fiovvly as the diftances are greater, 
thefe ordinates will be bounded by a curve PQRTZ, 

which has its convexity turned toward the axis. We 

1 c 1 T Y. 
fhall prefently get full proof that this is the cafe here ; 
but we premife this general view of the fubjedl, that 

we may avoid the more tedious, but more philofophicai, 
procefs of deducing the nature of the curve from the 
phenomena now under confideration. ^ 

This conftiudtion evidently makes the pair of ordi-General 

nates P p9 Q^y, equidiilant with the pair R r, T t. grafter 

Alfo, Ppy R r, and Q_y, T t9 are equidiilant pairs. Itoftle^^* 
is no lefs clear, that the fum of P p and T t exceedsforce. nC 
the fum of Q^y and R r. For if C z be bifedted in V, 

and V v be drawn perpendicular to it, cutting the 
ftraight lines PT and QJl in .v arid y9 then x v is 

the half fum of P p and T t9 ancj y v is the half fum 
°f Q^y and R r. Moreover, if and T n are 
drawn parallel to the bafe, we fee that P m exceeds 
R r; and, in general, that if any pair of equiftant or¬ 
dinates are brought nearer to C, their difference increa- 
fes, and vice verfa. Alfo, if two pairs of equidiilant 
ordinates be brought nearer to C, each pair by the 
fame quantity, the difference of the neareft pair will in¬ 
creafe more than the difference of the more remote 
pair. And this will hold true, although the firft of the 
remote pair lhould Hand between the two ordinates of 
the firft pair. If the reader will take the trouble of 

confidering thefe fimple confequences with a little at¬ 
tention, he will have a notion of all the effedls that are 
to be expedted in the mutual adlions of the two bodies, 
fufficiently precife for our prefent purpofe. We fhall 
give a much more accurate account of thefe mathema*- 
tical truths in treating the article Magnetism, where 
precifion is abfolutely neceffary, and where it will be 

attended with the greateft fuccefs in the explanation of 
phenomena. 

Now let ns apply thi3 to our prefent purpofe. Firjl9 
then, When the overcharged end of A is turned to¬ 
ward the undercharged end of B, A mull be attradled; 

for P / + T / is greater than Qj? 4* R r- 
Secondly, This attradlion mull increafe by bringing 

the bodies nearer ; for this will increafe the difference 
between P m and R n. 

Thirdly, The attradlion will increafe by increasing 
the length either of A or of B (the diftance N s re¬ 
maining the fame) ; for by increafing the length of A, 
which is reprefented by pr or q t, R r is more diminish¬ 
ed than T t is. In like manner, by increafing B, whofe 

length is reprefented by p q or r /, we diminish 

46. 

47- 

4». 

49 
On the other hand, if the overcharged end of B front Ufe of this 

the overcharged end of A, their mutual adlion will beP^re of 

F<f (-P^ + 4? + Rr_Tf), thefor£c!- 

F / 
and A will be repelled, and the repulfion will increafe 

or diminish, by change of diftance or magnitude, pre- 
cifely in the fame manner that the attradlions did. It 

is hardly neceffary to obferve, that all thefe confe¬ 
quences will refult equally from bringing an apparatus 
fimilar to that reprefented in fig. 3. near to another of 
the fame kind ; and that they will be various according 

to the pofition and the redundancy or deficiency of the 
two parts of each apparatus. 

If the body B of fig. 5. is not at liberty to approach 

toward A, nor to recede from it, and can only turnfiiould re¬ 
round its centre B, it will arrange itfelf in a certain fult from 

determinate pofition with refpedl to that of A. For the hypo- 

example, if the centre B (fig. 7.) be placed in the line^^g 

palling magneuDn, 

50 
Curious 
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parting through S and N of the body A, B will arrange 
itfelf in the fame flraight line : for if we forcibly give 

it another porttion, fuch as s B n, N will attract s and 
repel «, and thefe a&ions will concur in putting B into 
the porttion / B S, however, will repel s and at¬ 
tract n ; and thefe forces tend to give the contrary po- 
fition. But S being more remote than N, the former 
forces will prevail, and B will take the porttion s' B n'. 

If the centre B be placed fomewhere on the line 
AD, drawn through a certain point of the body NAS 

(which will be determined afterwards), at right angles 
to NAS, the body B will affume the porttion nl B s\ 

parallel to NAS, but fubcontrary. For if we forcibly 
give it any other porttion n B s, it is plain that N re- 

pels n and attra&s s, while S attra&s n and ‘repels s. 
Thefe four forces evidently combine to turn the body 
round its centre, and cannot balance each other till B 
affume the porttion nf B s', where n' is next to S, and 
s’ is next to N. 

Form of If the centre of B have any other rttuation, fuch as 
the cledric B', the body will arrange itfelf in fome fuch porttion 
men m, as n, jp jt may demonftrated, that if B be infi¬ 

nitely fmall, fo that the a&ion of the end of A on each 

of its extremities may be conrtdered as equal, B will 
arrange itfelf in the tangent BT of a curve NB'S, 
fuch that if we draw NB, SB, and from any point T 

of the tangent draw TE parallel to BN, and TF pa- 
, rallel to B'S, we {hall have BE to BF, as the force of 

S to the force of N. This arrangement of B will be 
{fill more remarkable and diftindt if N be an over¬ 
charged fphere, and S an undercharged one, and both 

be infulated. We mud leave it to the reader’s reflec¬ 
tion to fee the changes which will arife from the ine¬ 
quality of the redundancy and deficiency in A or B, or 
both, and proceed to conrtder the confequences of the 
mobility of the ele&ric fluid. Thefe will remove all the 

difficulty and paradox that appears in fome of the fore- 
51 going proportions. 

quence Bet t^ie ^ody A (fig. 4.) contain redundant fluid, 
(funda- an<^ he m natural date, but let the fluid in A 
mental) of he fixed, and that in B perfe&Jy moveable; it is evident 

“jli’ tha* the redundant fluid in A will repel the moveable 

fluid in the fluid in B’ toward its remote extremity «, and leave it 
poresofbo-un<{ercharged in s. 1 he fluid will be rarefied in s, 
dies, and condipated in n. We need only conrtder the mu¬ 

tual aftions of the redundant fluid and redundant mat¬ 
ter. It is plain that things are now in the fituation 
deferibed in n° 15. : A mud be attracted by B, becaufe 
/' = mf, and * is greater than The attra&ive 
force is Yf X (a—*')• 

fa?8C<hn* we ^ee that the hypothefis is accommodated to 
natural * P^enj°mena hi the cafe in which it appeared to differ 
quantity,in whlely frem it. Had the fluid been immoveable, 
the natural the mutual adlions would have fo balanced each other 

trad at(i n° externa^ ede^s wrould have appeared. But now 
ate attrad-Sreater vminity of the redundant matter prevails, A 
^byelcc. !s attra<ded by B, and, the a&ions being all mutual, B 
trifiedbo- ls attracted by A, and approaches it. 

cs. We have fuppofed that the fluid in A is immoveable; 

AndcLnve^Ut t^S Was ^or ^ake °f greater fimplicity. Sup-, 
the ftate of P0^ 1#t moveable. Then, as foon as the uniform diftri- 
dofe bo. bution of the-jluid in B is changed, and B becomes un- 

increaTes^11^6^3^6^ at and overcharged at n, there are forces.' 
fraction, on the fluid in A, and tending to change its 

’ hate of didribution. The redundant matter in S at-. 

Ricity. s6T 
tradfs the redundant fluid in A more than the more re¬ 
mote redundant fluid in n repels it, becaufe */ is lefs 
than z. This tends to condipate the redundant fluid 
of A in the nearer parts, and render N more redun¬ 
dant, and S lefs redundant in fluid than before. It is 
plain that this mud increafe their mutual adtiou, with¬ 

out changing its nature. It can be drictly demon fixa¬ 
ted, that however fmall the redundancy in A may be, 
it can never be rendered deficient in its remote extre¬ 
mity by the a&ion of the unequally difpofed fluid in B, 
if the fluid in B he no more nor lefs than its natural 
quantity. It is alfo plain that this change in the dif- 
pofition of the fluid in A mud incrcafe the fimilar 
change in B. It will be dill more rarefied in /, and 
eondenfed in n; and this will go on in both till all 
is in eqnilibrio. When tilings are in this date, a par¬ 
ticle of fluid in B is in equilibrio by the combined ac¬ 

tion of feveral forces. The particle B is propelled to¬ 
ward n by the a&ion of the redundant fluid in A. But 
it is urged toward S by the repulfion of the redundant 
fluid on the fide of and alfo by the attra&ion of the 

redundant matter on the fide of s; and the repulfion of 
the redundant fluid in A mud be conceived as balan¬ 

cing the united aaion of thofe two forces reflding in B. S3 

Hence we may conclude, that the denfity of the fluid Genera* 
in B will increafe gradually from / to *. It will be 

tremely difficult to obtain any more precife idea of itsdifpofition 
denfity in the different parts of B, even although we of ele&ric 

knew the law of aaion between Angle particles. fluid iu * 
This mud depend very much on the form, and dimen-^°d^* 

fions of B; for any individual particle fudaius the fenrtble 
,aaion of all the redundant fluid and redundant matter in 
it, fince we fuppofe it affeaed by the more remote fluid in 

A. All that we can fay of it in general is, that the den¬ 
fity in the vicinity of* is lefs than the natural denfity ; 
but in the vicinity of n it is greater; and therefore there 
mud be fome point between s and n where the fluid will 

have its natural denfity. This point may be called a Neutral , 
neutral point. We do not mean by this that a par-poio^ 
tide of fupei ficial fluid will neither be attraaed nor .re¬ 
pelled in this place. This will not always be^tlie cafe 
(although it will never be greatiy otherwife) ; nor will 

the variation of the denfity in the different partsrof B be - 

proportional to the force of A on thofe parts; Some 
eminent naturalids have been of this opinion ; and, ha- 
ving made experiments in which it appeared to be other- - 
wife, they have rejeaed the whole theory, . But a little 

vrefle&ion will convince the mathematician, that the fum > 
of the internal forces which tend to urge a particle of ‘ 
fluid from its place, and which are balanced by the ac¬ 

tion of A, are not proportional -to the variations of den¬ 
fity, although they increafe and decreafe together. We 
fhall take the proper opportunity of explaining thofe 

experiments ; and wilL alfo conrtder fome Ample, but 
important cafes, where we think the law of diffribution , 
of the fluid afeertained with tolerable precifion. 

If we fuppofe, on the other hand, that A is .under¬ 
charged, the redundant matter in A will :attra£t the 
moveable fluid in B, and will abfiradl it From the re¬ 

mote extremity; and crowd it into the adjacent extre¬ 
mity. Moreover, the fluid now becoming redundant ; 
in the nearer extremity of B;, will ad more ftrongly on 
the moveable fluid in A than the .more remote redundant 

matter of B; and thus fluid will be propelled toward i 
the i emote fide of A, which will become now under¬ 

charged.! 
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charged in its nearer fide, and lefs undercharged in its 
remote iide than if B were taken aw,ay. This muff in- 
creafe the inequability of diftribution of the fluid in B, 
and both w ill be put farther from their natural date ; 
hut A will never become overcharged in its remote ex¬ 
tremity. 

Things being in this date, it is plain that A and B 
will mutually attract Teach other in the fame manner, 
and with the fame force, as when A was as much over- 

54 charged as it is now undercharged. 
Ele<5tric at- Thus, then, we fee how the attration obtains, whe- 
mofphere is tjier be over or undercharged. A fadl which Dr 
quat^u'the Franklin could never explain to his own fatisfa&ion ; 
explana- nor will it ever be explained confidently with the ac¬ 
tion of the knowledged principles and obferved laws of mechanics 
phenome- ]5y any perfon who employs eladic atmofpheres for this 

purpofe. It is indeed a fufficient objection to the em¬ 
ployment of fuch ele&ric or other atmofpheres, that 
the fame extent of attra&ion and repulfion between the 
particles of the atmofphere is neceffary, as is employed 
here between the particles of the fluid redding in the 
body; and therefore they ceafe to give any explanation, 
even although their fuppofed a&ions were legitimately 
deduced from their conditution. This is by no means 
the cafe. Let apy perfon examine ferioufly the modus 
operandi of the ele&ric atmofpheres employed by Lord 
Mahon (the only perfon who has written mathema¬ 
tically on the fubje&), and he will fee that the whole 
is nothing but figurative language, without any dif- 
tin& perception of what is meant by tliefe atmofpheres, 
as didindl from the fluid moveable in the conducting^ 
bodies, or any perception how the unequal denflty ot 
thefe atmofpheres protrudes the fluid along the con¬ 
ductor.' Befides, it is well known that a conducting 
wire becomes pofitive at one end, and negative at the 
other, by the mere vicinity of an overcharged or under¬ 
charged body, and this in an indant, although it be 
furrounded with fealing-wax, or other non-condu£lors,to 
any thicknefs : in this cafe there can be no atmofpheres 
to operate on the included fluid. To this we may add 
Dr F ranklin’s judicious experiment of whirling an elec¬ 
trified ball many times round his head, with great ra¬ 
pidity, by means of a filk line, without any fenfibie di¬ 
minution of its ele&iicity. It is not conceivable that 
an ele&ric atmofphere could remain attached to the 
ball ; nor could it be inflantaneoufly formed round the 
ball, in every point of its motion, fo as to be operative 
the moment he dopped it and tried it; for this would 
have exhauded or greatly djminiAied the eleCtricity of 
the ball) ; whereas that fagacious phiiofopher affirms 
(and any perfon will find it true), that when the air is 
dry, he did not obferve the eie&ricity more diminifhed 
than that of another ball which remained all the while 

55 in the fame place. 
Induced Let the overcharged body A (fig. 6.) be brought 
electricity. near the ends of two oblong conductors B and C in 

their natural date, and lying parallel to each other ; the 
fluid will be propelled toward their remote ends N, «, 
where it will be condenfed, while it will be rarefied in 
the ends S and j, adjacent to A. Both will be at¬ 
tracted by A, and will attraCt it. But the redundant 
fluid in NB will repel the redundant fluid in n C ; and 
the redundant matter in SB will repel the redundant 
matter in s C. For this reafon the bodies B and C 
will repel each other, and will feparate; but SB attraCts 

n C, and NB attraCts s C ; and on this account the bo¬ 
dies fhould approach : but the difiances of the attract¬ 
ing parts being greater than thofe of the repelling parts, 
the repulfions mult prevail, and the bodies mufi really 
feparate. 

It is equally clear that the very fame ferjihle appear¬ 
ance will refnlt from bringing an undercharged body 
near the ends of B aud C, although the internal motions 
are jufi the opposite to the former. 

If another body D, eleCtnfied in the fame way with 
A, be brought near the oppoflte ends of B and C, it 
will prevent or diminifli the internal motions, and it 
fhould therefore prevent or diminifli the external elfcCIs. 

If another conduCling body be brought near to the 
end j of C that fronts A, it will be atfe&ed as C is, 
and the end f will repel s ; but if it be brought near 
the remote end, as is the cafe with the body F, it will 
attraCf this remote end. As the body A, containing 
more or lefs than its natural fliare of eleCtric fluid, af¬ 
fects every other body, while they do not (when out of 
its neighbourhood) affeCl each other, it is ufuaily faid 
to be the electrified body, and the others are faid to be 
eleCtrified by it ; and fince tliefe bodies, when perfeCt 
conductors, cannot retain their power of exhibiting elec¬ 
trical appearances (fee n'* 17.), it will be convenient to 
diftinguifh this lafi eleCtrical ft3te by a particular name. 
We ffiall call it electricity by position, or indu¬ 
ced electricity. It is induced by pofition with re¬ 
gard to the permanently eleCtrical body. ^ 

We have fuppofed, in thefe lafl: propofitions, that Corfequen 
the fluid was perfectly moveable in B, and, at lafi, alfo,ces of ob. 
in A : but let us examine the confeqnences of fome ob-A™^005* 
IlruCtion to this motion. Without entering into a mi¬ 
nute enquiry on this head, we may (late the obflruCtion 
as uniform, and fuch that a certain final! force is ne- 
ceftary for caufing a particle of fluid to get through be¬ 
tween two particles of the common matter, jufi as we 
conceive to happen in tenacious bodies of uniform tex¬ 
ture (fee nQ 18.). 

It is evident, that when an overcharged body A (fig. 
4. or 5.) is brought near fuch an imperfeCt condu&or 
B, the fluid cannot be fo copioufly propelled to the re¬ 
mote extremity n. We may conceive the Hate of dif- 
tribution by taking a confiant quantity from the inten- 
fities of the force of A at every point of B. This cir- 
cumftance alone (hews us that there will not be fo 
unequable a diftribution of the fluid, and therefore 
there will not be fuch a Jlrong attraction between imperfeB 
as between perfect conductors. But bdides this, we fee 
that a'11 incomparably longer time mufi elapfe before 
things come to a Hate of equilibrium. Each particle 
of fluid employs time to overcome the obtlacle to its 
motion, and it cannot advance till after the fueceed- 
ing ones, each escaping in its turn, have again come 
up with the foremoft. An important confequence re- 
fults from this. The neutral point, where the fluid is 
of the natural denflty, will not be fo far from the 
other body as it would have been without thefe ob- 
ItruClions ; and this point will be a confiderable while 
of advancing along the imperfe& condu&or. At the 
firft approach of the overcharged ele&ric, the near 
extremity of the imperfufl condu&or becomes a little 
undercharged, and the neutral point advances from the 
very extremity a fmall way, the difplaced fluid being 
crowded a little before it, and giving way by degrees 

as 
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as its foremoft particles get pail the obftrudions. The at one diftance, repelled when this diftance is increafed, 
motion forward takes place over a coniiderable extent and again attracted when at a {fill greater diftance, &c. 
at the very firft ; namely, in that part of thecondudor &c. 

where the propelling power of the neighbouring eledric Suppofe the obftrudion not to be confiderable: The 
is juft able to pufh a particle over the obftrudion. As immediate operation of the neighbouring overcharged 

the propulfion goes on, the neutral point muft gra- body will be the produdion of an undercharged part in 
dually advance, and at laft reach a certain diftance, de- the adjoining extremity, an overcharged part bejond 
termined by the degree of the obftrudion. It is plain, this, an undercharged portion farther on, &c. In a 
that the final accumulation at the remote end of the little while thefe will fhift along the conductor; one af- 
imperfed conductor will be lefs than in a perfect con- ter another will dlfappear at the farther end, and the 
dudor, and the neutral point will be nearer to the other body will have at laft but one neutral point. A greater 
end. obilruction will leave the body, finally, with more than 

There is another remarkable confequence of the ob- one neutral point, and their ultimate number will be 

flrudlion. It muft always happen that, at the beginning greater in proportion as the obftrudion to the fluid's 
of the adion, the greateft conftipation will not be to- motion is fuppofed greater, 

wards the remote extremity, but in a place much nearer Now, let the overcharged body, the caufe of this un- Induced e. 
to the difturbing caufe. Beyond this, the conftipation equal diftribution, be removed. We have feen, n v 17. ledrioity, 
will diminifh. As time elapfes during this operation, that when a body contains its natural quantity of fluid,re'dered 
this conftipated fluid ads on the fluid beyond it by re- but unequally diftributed, there is a force a iug on Penrunent* 

pulfion, and may do this with fufficient force to dif- every particle, and tending to reftore the original equa- 
place fome of it, and render a part of the imperfed ble diftribution ; and that fuch a force remains as long 
condudor deficient, with a fmall conftipation bejond as there is any inequality in this refped, If, therefore, 
it. This may, in like manner, produce a rarefaction there be no obftrudion, the uniform diftribution will 
farther on, followed by another condensation ; and this take place immediately ; for it is well known, that the 

may be frequently repeated when the obftiudiou is very ipeed with which electricity is propagated is iminenfe. 
great, and the repullion of the overcharged body very The elafticity, or the attractive and rcpulfive forces, 
great alfo. This can be ftridly demonflrated in fome muft be very great indeed when compared with any 
very fimple cafes, but the demonftration is very tedious: that we know, except, perhaps, the force which impels 
As the refult, however, is of the firft importance in the the particles of light. The electricity, therefore, of a 
theory of electricity, and ferves to explain fome of the perfed condudor, that is, its power of acting on other 
molt abltrufe phenomena, we wifh the reader to have bodies in the fame way that an original eledric ads on 
fome itronger ground of confidence than the above bare them, muft be quite momentary, and ceafe as foon as 
affertion. He may obferve fimilar effeds of caufes pre- the inducing caule is removed. The conductor is elec- 
cifely fimilar. If we dip the end of a flat ruler into trical merely in confequence of its polition. Hence 
water, and if, after allowing the water to become per- the propriety of our denominations. Nothing material 

fedly Hill, we move the ruler gently along in a diree- is fuppofed in this theory to be communicated from the 
tion perpendicular to the face, we (hall obferve a fingle overcharged body : Nay, this theory teaches, that the 
wave heap up before the ruler, and keep before it, all fenfible electricity of the overcharged body is augment-' 
the reft of the water before it remaining Hill: but if ed in fome rdpeCts ; for it becomes more overcharged 
we do the fame thing in a veffel of clammy fluid, efpe- in the part neareft to the condudor. Indeed it be- 
cially if the clammy part is fwimming on the fnrface of comes lefs overcharged on the other end, and will ad 
a more perfed fluid, like a cream, we (hall obferve a fe- lei's forcibly on that fide than if the Conductor were a* 
ries of iuch waves to curl up before the ruler, and form way. It may be remarked here (it ihould have been 
before it in fucceflion ; and if we have previoufly fpotted mentioned in n° 5 .) that when F is prefented in the 
the furface of the cream, we ftiall fee that it is not the manner ihewn in fig. 6. the body B becomes more 
fame individual waves that are pufhed before the ruler, ftrongly overcharged at the end remote from A, and 
but that they are fucceffively formed out of different more ftrongly undercharged at the end next to A, than 
parts of the furface, and that the particles which, at when F is away. The contrary may happen, by pre- 
one time, form the fum-mit of a wave, are, immediately fenting a body in the manner of E. We wifli thefe 
after, at the bottom, &c. In like manner, when a can- particulars to be kept in mind. In the mean time, all 
non is fired in clear air, at no great diftance, we hear a thefe circumftances are neceffary confequences of the 
fingle fnap ; but, in a thick fog, we hear the fnap both fuppofition, that nothing is communicated from A to 
preceded and followed by a quivering noife, refembliog B or C. The eledricity induced on perfect conduc- 
the ridhing of a fluttering wind, which lafts perhaps tors is momentary, requiring the continual prefence of 
half a fecond. A flight refledion on thefe fads will fliew a body that is eledrified in fome way or other, 

that they are neceffary refults of the mechanical laws of But the cafe is quite otherwife in imperfed conduc- 

fuch obftrudion. tors. When the overcharged, or otherwife eledrical 
The confequence of this mode of adion muft be, body A is removed, the forces which tend to reftore 

that an imperfed condudor may have more than one the uniform diftribution of the fluid immediately ope- 
neutral point, and more than one overcharged and rate, and muft reftore it in part. They cannot, how- 
undercharged portion, fo that its adion on diftant bo- ever, do it completely : For when the force which ur- 
dies may be extremely various. The formula of n° 28. ges any particle from an overcharged to an underchar- 
was accommodated to this cafe, and will be found to ged part, is juft in equilibrio with the obftrudion it 
have very curious refults. Another body may be pla- will remain, juft as a number of grains of fmall {hot may 
ced in the diredion of the axis, and will be attradted lie, uniformly, mixed with a mafs of clammy fluid or, 
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as jfucli fluids retain heavy mud, in a ftate of equable 
ci inequable difTuflon. If the refiftance anfe merely 
from the inertia of the tangible matter, there is no force 

fo fmall but it will in time reftore the uniform diltn- 
bution. But this cannot be the cafe in folid bodies. 
Their particles exert lateral forces, by which they main¬ 
tain themfelves in particular Situations : thefe mud be 

overcome by fuperior forces. 
We {hould therefore expe&, that imperfcCt conduc¬ 

tors will retain part of their inequable conftitution ; 

and, in conference of this, their power of affeaing other 

bodies like electrics; that is, their Electricity. 

For we mu ft obferve (having neglected to do it in the 
beginning), that the term ekBricity is as often ufed to 
exp refs this power of producing ekarical phenomena 
as it is ufed for exprefling a iubftance fuppofed to be 
the original caufe of all thefe appearances. It is necef- 
Jary to keep this diftindion in mind ; becaufe there are 
many phenomena which clearly indicate the transfe¬ 

rence of this caufe, and they muft not be confound¬ 
ed with others, where the exhibition of ek&rk pheno¬ 

mena is evidently propagated to a diftance. Wb muft 
not always fuppofe, that when the electric appearances 

are exhibited in an inilant at the far end of a wire 
4-I miles long, the fame numerical particles of the elec¬ 
tric fluid have moved over this fpace. We muft diftin- 
guifh thofe cafes where this muft be granted from thofe 
in which it certainly has not happened. Of thefe there 

are innumerable inltances. 
tmperfea We have now to obferve, that by this theory the 
condu&ors fingle circumftance of perfeft and imperfect conducing 
are rerelTa- °er is fufficient for eftablifhing the whole difference 

eUaricT between idio-ekarics and non-ekarics. The idio- 
elearics are fufceptible of excitation in various ways, 
and retain their elearicity ; and this may be done in 
any part of them without affeaing the reft in any re¬ 
markable degree. This cannot be done in perfea con- 
duaors, plainly becaufe they are perfect conductors. Any 
inequality of diftribution of the elearic fluid, which is 

all that is neceflary for rendering them elearic, is im¬ 
mediately deftroyed by its uniform diffufion. We can 
have no direa proof of their incapability of excitation ; 

but if they can be excited, they cannot fhew it. We 
doubt, however, their excitability ; becaufe the appear¬ 

ances in the excitation of ekarics feem to indicate, that 
oppofite ftates of two bodies are neceflary previous to 
the appearance of elearicity. This is impoflible in per¬ 
fea conduaors. By this theory, therefore, peifea 
conduaors are lieceffarily nori-ele&rics; and non.con¬ 

duaors are neceflarily (if excitable) idio-ekarics. 
With refpea to the particular phenomena which may 

be expeaed on the removal of the original elearic ; it 
may juft be remarked, that the elearic appearances of 
the imperfea conduaor will go oft in the contrary or¬ 
der to that of their indication. The accumulation and 
deficiency will diminifh gradually, and the neutral point 
or points will gradually approach the end which had 
fronted the original electric. The imperfea conduftor 
will be finally left with one or more neutral points, ac¬ 
cording to the magnitude of the obftruaions, and the 
force which had been employed in its electrification : 

And their final ftate will be fo much the more inequa¬ 
ble, and confequently they will retain fo much the 
greater ekaric powers, as they are lefs perfea conduc¬ 

tors. 
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The laft observation which we (hall make on thk 60 

head at prefent is, that whether ekarified by indue-Ele<5lriCi 
tion, or by friaion, or mod other modes of excitation, 
the elearification wilt be nearly fuperficial in bodies ally fo. 
which condua very imperfeaiy ; and bodies which are 

altogether impervious (if there be aily fuch) muft have 
the accumulation Or deficiency altogether at their fur. 

face. If a glafs globe be fuch'a body, it will hardly be 
pofiible to ekarify it to any depth; and all that we can 
expea is alternate ftrata of overcharged and underchar¬ 

ged glafs. If thefe ftrata are once formed, they tendgreat- 
ly to make the body retain its fuperficial elearicity. A 
fuperficial ftratum of redundant fluid, tending, by the 
mutual repulfion of its particles, to efcape, is retained by 
the ftratum of redundant matter immediately below it ? 
And the almoft infuperable obftruaion prevents the 

fluid of the ftratum beyond this from coming up to flip- 
ply the vacancy. If wc can fall on any contrivance to 

produce fuch deficient ftrata within the glafs, we fhall 
make it much more retentive and capable of holding 
faft a much greater quantity. We have already men¬ 
tioned fomething of this in ri° 14. and we recommend 
the cafe to the attentive confideration of the reader. 

6r < 

Thus have we given a /ketch of the leading doarmesComFa£* 
of this elegant theory of Mr jEpinuS, all legitimately [^0°ry^^ 
deduced from the circumftances affumed in the hypo-exper^ 
thefis concerning the mechanical properties of that lub-ment. 
ftance which he calls the elefiric fluid. Let us now fee 
with what fuccefs this hypothelis may be applied to ac¬ 
count for the phenomena. It would have been more 
philofophical to have arranged the phenomena, and 
from the comparifon to have deduced the liypothefis. 

But this would have required much more room than 

can be afforded in a Work like ours. 
We prefume, that many of our readers, namely, all 

fuch as are already conversant with ekarical phenome¬ 
na and with elecbric experiments, have feen, as we went 
along, the perfect agreement ot the hypothefis with the 
various phenomena of attraction and repulfion, and all 

thofe which are ufually clalTed under the name of elec¬ 
tric atmofpheres : and we are confident, that when they 
compare the confequences that /hould neceflarily refult 
from fuch a fluid with the legitimate confequences of 
the mechanical adlion of elaftic atmofpheres, they will 
acknowledge the great fuperiority of this hypotliefis in 

point of fimplicity, perfpicuity, and analogy with o- 
ther general operations pf nature. To fuch readers it 
would not be neceflary to ftate any farther comparifon ; 
but there are many who have not yet formed any dif- 
tindi fyflemalic view of the appearances called eleftrical. 
We do not know any way of giving fuch a view of 
them as by means of this hypothefis ; and we may ven¬ 
ture to fay, that it will enable the ftudent of Nature to 
clafs them alt, with hardly a fingle exception. After 
which, the hypothe/is may be thrown afide by the faf- 
tidious philofopher ; and the ufeful claffification, and ge¬ 
neral laws of the elearic phenomena, will remain ready 
foundations for a more perfect theory. For the fake 
of fuch readers, therefore, we fhall take a fltort review 
of thofe general appearances which are accompanied by 
attractions and repulfious, and compare them with this 

iEpinian theory. 
We fhall not at prefent confider the various modes of 

excitation, although this theory alfo affords much in- 
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#rudion on the fubjed, but confine ourfelves entirely 
to the fads which are moil immediately dependent on 
it, and fhould be employed to fupport or overturn it ; 
and we fiiall fuppofe the reader acquainted with moil 
parts of the common apparatus ; fuch as eledrometers, 
infiilatlon, &c. We alfo prefume that he knows, that 
when a fmall pith-ball has been eiedrified by touch¬ 
ing a piece of glafs which has been excited by rubbing 
with dry flannel, it will repel another body fo eiedrifi- 
ed j -and that balls, which have received their eledricity 
in this manner from fealing-wax excited by the fame 
rubber, alfo repel each other; but that balls, thus elec¬ 

trified by glafs, attrad thofe which are eledriiied by 
fealiug-wax. 

The following fimple apparatus will ferve for all the 
experiments which are neceffary for eftablifhing the the- 

ory •' 
Apparatus I. Two /lender glafs rods A (fig, 8.), having a 
neceffary brafs ball B at the end, about a quarter of an inch in 

compari- diameter, fufpending a very fmall and delicate pith-ball 
/ eledrometer C. 

2. Some eledrometers (fig. 9.), confifling of two 
pieces of rufh pith, about four inches long, nicely fuf* 
pended, and hanging parallel, and almoit in contad 
with each other. It is proper, to have them as fmooth as 
pofiible, and neatly rounded at the ends, to prevent un- 
neceffary difiipation. 

3. Some pith-ball eledrometers (fig. io.), whofe 
threads are of ftlk, about four inches long, and fome 
with flaxen threads moiftened with a folution of fome 
deliquefeent fait, that they may be always in a good 
conduding flate. 

4. Several brafs condudors (fig. 11.), each fupported 
on an inflating /talk and foot. They fhould be about 
an inch and half or two inches long, and about three- 
fourths of an inch in diameter, with round ends, and 
well polifhed, to prevent all difiipation. The foot mud 
be fo narrow as to allow them to touch each other at 
tile ends. 

5. Two balls (fig. 12.), one of glafs, and the other 
of glafs coated with fealing-wax, each furnifhed with 
an infulating handle, the other end of which may be 
occafionally ftuck into a foot, or into the fide of a 
block of wood, which can be /lid up or down on a 
wooden pillar, and fixed at any height. Thefe balls 
ihould be about three inches in diameter. They mud 
be excited by rubbing with dry warm flannel. 

6- Some little- pieces of gilt card (fig. 13.), about 
two inches long, half an inch broad, and rounded at the 
ends, and made as fmooth as poffible. Each mud have 
a dimple druck in the middle with a polifhed blunt 
point, fo that it will traverfe freely like a mariner’s 
needle when fet on a. glafs point, rounded in the flame 
of a lamp. More artificial needles may be made of fome 
light wood, having fmall cork balls at the ends, all gilt 
and polifhed, and turning, in like manner, on glafs 
/talks : alfo fome fimijar needles made of fealing-wax, 
one end of each being black, and the other red. 

The mechanical phenomena of electricity may be ex- 
preffed in a few fimple propofitions. The mod general 
faCt that we know, and from which all the red may be 

deduced, is the following : , 
If any body A is electrified, by any means whatever, 

and if another body B is. brought into its neighbour¬ 
hood, the lad becomes electrical by pgfition. 

57* 
Set the brafs condudors in a row, touching fach 63 

other, as reprefented in fig. 1 r. by A, B, C ; and let a A ”eutral 
pith-ball eledrometer, having lilk threads, be fet near^^.3* 

one end of the condudors. Excite one of the globes, c-aufe ren 
by rubbing it with dry flannel. When this is brought dered dec- 

near the end of the condudor, the pith-ball will aP’V^y *n" 
proach the other end. But the globe mud not bedu 10n’ 
brought fo near as to caufe the pith-ball to drike a- 
gaind the other end. On removing the globe, the pith- 
ball will move oft and hang perpendicularly. The fame 
effed is produced by both globes. 

Thus the mere vicinity of the eledric renders the 

condudor eledric, and the eledricity ceafes on remo¬ 
ving the globe. This is perfedly conformable to the 
theory, whether we fuppofe the fluid to be made re¬ 
dundant or deficient at the remote end of the conduc¬ 
tor. If one fhould aferibe the approach of the pith- 
ball to the immediate ad ion of the globe, it is fufiicient 
to obferve, that if the ball be fufpended near the fide of 
the condudor, it will approach the condudor, fir-wing 
that it is affeded by the condudor, and not by the 
globe. 

Let the globe be held in the pofition D (fig 12. ), 
about fix inches from the condudor, and a little above ' \ 
the line of its axis. Take the glafs rod (fig. 8 ), a«d . 
bring its knob into contad with the under fide of theuliy.*' 
remote end^ of the condudor. The balls of the elec¬ 
trometer will feparate, (hewing that they are eledrified 
in the fame manner, and repel each other. Slide the 
brafs knob along the under fide of the condudors, quite 
to the end a. The balls will gradually colhpie as* the 
knob approaches a point near the middle of the conduc¬ 
tors, where they will hang parallel. Palling this point, 
they will again feparate, and moftof all when the knob 
is at a. In this iituation they will deviate toward the 
globe, and will be direded (IraigHt toward it, if it be 
held too near, or in the dire&ion of the axis. This 

would difturb the experiment, and mufl be avoided. 

Thefe phenomena are conformable to the accodnt given 
of the difpoiition of the fluid in the condudor. The 

eledrometer may be confldered as making a part of the 
condudor ; and when its threads hang parallel, it is in 
its natural (late, having its fluid of its natural denfity. 
This, however, cannot be ftridly true, 'according to 
the theory ; becaufe the balls of the eledrometer mu ft 

be confldered as more remote from the eledric, and 
their eiedrical ftate mull correspond to a point of the 
condudor more remote than that where the knob of 
the eledrometer touches it. This will be more remark¬ 

ably the cafe as the threads are longer Accordingly, 
an eledrometer with very long threads will never col- 
lapfe. The place of the neutral point cannot be accu¬ 
rately afeertained in this way. . Lord Mahon imagined Lord Mv 

that its fituation B was determined (in his experimentshon>scieteP” 
with a long condudor)'to be fuch, that D c was har-n}lination of 
monically divided in B and a; and lie finds this to be poim^1 
agreeable to the refult of an eledric atmofphere whofe warranted 

denlity is inverfely proportional to the fquare of the dif- b> hss ex" 

tance. But we cannot deduce this from his narration pIanation* 
of the experiment. He gives no reafon for his felec- 
tion of the point D, nor tells us the form and dimeo- 
fions of the eledric employed, nor takes into account 
the adion of the fluid in the long condudor. It is 

evident that no computation can be inftituted, even on 
his Lordfliip’s principles, till all this be done. We have 

4 C 2 alwavs 
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always found that the neutral point was farther from 
the eleftric, in proportion as the conduftor was fmalh-r, 
and when the eleftricity was ftronger; and that the dit- 

ferences in this refpeft were fo very confiderable, that 
no dependence could be had on this experiment for de¬ 

termining the law of aftion. It (hould be fo, both ac¬ 
cording to Lord Mahon’s and Mr xEpinus’s theory. 

But to proceed with our examination : 
Having touched the end c of the conductor with the 

knob of the electrometer, bring it away. The. balls 

will continue to repel each other, and they are attract¬ 

ed by any body that is in its natural (late. 1 ouch the 
fame end with the knob of the other eleftrometer, and 

bring it alfo away ; the balls of the two eleftrome- 

ters will be found to repel each other : but if one has 
touched the conduftor at c, and the other lias touched 

it at a, the eleftrometers will ftrongly attract each o- 

ther. All this is quite conformable to the theory. If 
the fluid has been compreffed at c, and therefore the 
balls of that eleftrometer are overcharged, they mull 
repel each other, and repel any other body eleftrified 

in the fame way. They mull attract and be attracted 

by any natural body. But the balls of the other elec¬ 
trometer having touched the conductor at n, mull be 
undercharged, and the redundant fluid of the one mull 

attraft the redundant matter of the other. 
If the conduftor has l »en eleftrificd by the vicinity 

of excited glafs, the eleftrometer which touched it in 

the remote end c, will be repelled by a piece of ex¬ 
cited glafs, but attrafted by excited fealing-wax. _ 1 he 
eleftrometer which touched the conduftor in a will be 

attrafted by excited glafs, and repelled by excited feal- 
ing wax. The contrary will be obferved if the conduc- 

tor has had its electricity induced on it by the vicinity 
of the globe covered with fealing-wax. This is a com¬ 

plete proof that Mr Dufuy’s doftrine of vitreous and 

ref,nous eleftricity is unfounded. _ Both kinds of elec¬ 

tricity are produced in a conducting body, without any 
material communication, by mere juxta pofition to a 

body poffelfed of either the vitreous or the refinous elec- 

tricitv. . . . 
y/e have not yet mentioned any reafons which in¬ 

dicate which end of the conduftor is eleftiical by the 

redundancy of eleftric fluid, nor is the reader prepared 
for feeing their force. It is generally believed that the 
remote end of a conduftor which is eleftrified by glafs, 

excited by rubbing it with flannel or amalgamated lea¬ 

ther, is cleftrical by redundancy. No difference has 
been obferved in the attraftions and repulfions. But 

there are other marks of diltinftion which are conftant, 
and undoubtedly arife from a difference in the mode of 

aftion of thofe of mechanical forces. I ft while the ex¬ 
cited glafs globe remains at D, a glafs mirror, foiled as 

ufual with un-leaf, be m^de to touch the remote end of 
the conduftor, and (lowly drawn tranfverfely, fo that 

the conduftor draws a line as it were acrofs it—this 
mirror being laid down with the foiled fide undermoft, 
the duft, which fettles on it ia the courfe of a day or 
two, will be chiefly collefted along this line, fomewhat 
in the form of the fibres of a feather. But if the con¬ 
duftor was rendered eleftrical by the globe covered 
with fealing-wax, the duft will be collefted along this 
line in little fpots like a row of beads. The appear¬ 
ances will be reverfed if the mirror has been paffed acrofs 

the end of the conduftor which is neareft to the excited 
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eleftric. In ftiort, in whatever way the drawing point- 

lias been eleftrified, if it repel a ball which has touched 
excited glafs, the line will be feathered ; but if it at¬ 

traft fuch a ball, the line will be fpotted. There are 
many ways of making this appearance much more re¬ 
markable (fee Electricity, Encycl. Se-ft. viii.nu 48.) 

than this; but we have mentioned it on this occafion, 

becaufe the circumflances which occafion the difference, 

whatever it is, are the molt Ample poflible. Nothing 

is communicated ; and therefore the effeft muft ariie 

from the unnatural ftate of a fubftance or power refi- 

ding in the body. If it be a fubftance fui generis, the 
eleftric aftion muft arife from a different diftribution of 

this fubftance ; from a redundancy and deficiency of it 

in the different portions of the conduftor. Without 
pretending as yet to fay which is redundant, we fhall 

fuppofe, with Dr Franklin, that the eleftricity of ex¬ 

cited glafs is fo ; and we fhall ufe the words redundant 
and pojitive to diftinguifh this eleftricity from the other. 

This is merely that we may, on many occafions, con- 

fiderably abbreviate language. 
The different eleftrical ftates of the different por¬ 

tions of the conduftor may be feen in another way, 
which is perhaps more Ample and unexceptionable thaa 

that already narrated. While the globe remains at D, 
take the two extreme pieces A and C afide ; or, if on¬ 

ly two pieces have been ufed, draw the remote piece 
farther away. Now remove the excited globe. \Vhen 
we examine A feparately, we fhall find it wholly nega¬ 
tive, or undercharged, ftrongly repelling a ball electri¬ 

fied by fealing-wax, and attrafting a ball eleftrified by 

glafs. The other piece C exhibits pofnive eleftricity, 

attrafting and repelling what A repelled and attrafted. 

If only three pieces of the conduftor have been employ¬ 

ed, the middle piece B is generally pofitive; but this 

in a very faint degree. ... ., f 
If all the pieces be again joined, they are void ot 

eleftricity. If, inftead of fuch conduftors, a row of 

metal balls, fufpended by filk lines, are employed, one 
of them may generally be found without any fealible 

eleftricity, when feparated from the reft, having been 

the neutral part of the row while united. 
Thefe very Ample fafts (hew, as completely as can 

be wifhed, that if the eleftric phenomena depend on a 

fluid moveable in the pores of the body, the conftitu- 
tion given it by Mr Acinus is adequate to the explana¬ 
tion. We may now venture to affert, that, every other 

phenomenon of attraftion and repulfion will be found 

in exact conformity with the legitimate confequtrices of 

this conftitution of the eleftric fluid. . 
That nothing is communicated from the eleftric wl^(jU(^lon 0f 

appear Bill more forcibly by the following experiment :elearidty 
Let a conduftor be rendered eleftrical in the way now nothing is 
deferibed, and touch either extremity of it with thecommunu 

little eleftrometer, and obferve attentively the divergen-«rcnt 
cy of its threads. Now approach its remote extremi* p0Wer!» arc 

ty with another conducting body, fuch as a Angle piece excited, 
of thofe conduftors, it will be rendered eleftrical ; as 

may be difeovered by a delicate eleftrometer. Obferve 
carefully whether the eleftrometer in contaft with tlie 

firft conduftor be affefted :—it will generally be found 

to fpread its threads wider. It will certainly be thus 
affefted if the other conduftor be very long and bulky, 

or touched by the hand ; or if, inftead of this fecond 
conduftor, we approach the firft with the extended 

rudro 
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palm of the hand. As the keond condudor was ren¬ 
dered eledrical, fo, undoubtedly, is the hand alfo : and 

its electrification has not deprived the lirfl coadudtor 

cf any of its eledric power, but, on the contrary, has 
increafed it. And this augmentation of its power is 

equally fenfihle at both ends: For an electrometer at 
the other end will alfo diverge more when the Land is 

brought near the remote end. This theory explains 

this in the mod fatisfahory manner. The fird conduc¬ 

tor renders the fecond eledric, by propelling its fiuid 
to a'greater didance. The fecond conductor iigw ads 

on the fluid that is moveable in the firft, and caufcs 
a greater accumulation in its end which is fatthell from 

^ the eledric ; that is, renders it more eledric. 

The forced Suppofe that, indead of employing an excited globe 
difpofition of glafs, we had made ufe of a conducting body, llightly 
of fluid is overcharged. 'Thus if we employ the condudor A, over- 
affe&eo by c|iar£re(] to induce eledricity on C ; this will produce the 

trified bo- fame general effed on our fet of condudors. But if we 
dies. have prcvioufly exau.ined the force of the redundant bo¬ 

dy, by fufpending a pith-ball near it, and obferving its 
deviation from the perpendicular, we may fometirnes be 

led to think that it has imparted fomething to the other 
body. For if the.other body and the pith-ball be on 
oppofite lides of the redundant body, the pith-ball will 

fall a little ; indicating a diminution of eledric force. 

But this Jhovld happen according to the theory ; for it 

was fhewn, in n° 52. that the eonflipation in the re¬ 

mote end of the overcharged body will be diminifhed, 
and along with this, its adion on the pith ball. We 
fhould find the eledricity of the other end, next the 
condudor, increafed, could we find an eafy way of ex¬ 

amining it; but an eledrometer applied there will be too 
much affeded by the condudor. 

The fame conclufions may be drawn from the fol¬ 
lowing fads : Hang up a rufh-pith eledrometer. Ap¬ 

proach it below with a body /lightly eledrified. The 
legs of the eledrometer immediately diverge, though 

attraded by the eledrified body. Hold the hand above 
the eledrometer, and they will diverge flill more ; touch 

the top of it, and they fpread yet farther. Hold the 

eledrified body (very weakly eledrifled) above the 
eledrometer, fo that its legs may diverge a little. Hold 

the hand above the eledrified body ; the legs of the 
eledrometer will come nearer each other. 

Thefe appearances are obftrved whether the eledric 
be pofitive or negative. We need not take up time in 

explaining this by the theory, its agreement is fo ob¬ 

vious. 

Elcttrc Laflly, on this bead, if, in place of a fixed conduc- 
needlespo- tor, we ufe one of the needles of gilt card, fet on its 
hrityand pivot, and if we then approach it with another con- 
verticity. dUcHng body, in the manner reprefented by E and C 

of fig. 6. we fhall obferve that end of the needle to 
avoid the other body ; but if we bring them together, 
in the manner reprefented by F and B, they will at- 

trad each other. The attraction will be greater when 

the body F is long ; and mod of all when it commu¬ 

nicates with the ground. Thefe phenomena are there¬ 
fore in perfed conformity with the theory; but it may 

fometirnes happen that E will attrad the end of C that 
is neared to A, and E will be . eledrified pofitively if 

A be pofitive. This feems inconfident with the theory ; 
and, accordingly, it has been adduced by Volta againd 

Lord Mahon’s account of the eledrical Sate of a con¬ 

dudor in a fituation fimilar to that of C. But the theo¬ 

ry of iEpinus fliews the pofiibility of this cafe. When 

E is very long, or when it is held in the hand, it is 
rendered much more undercharged than the adjacent 

part of C ; and the fluid in the remoter, but not much 

remoter, part of C is drongfy attraded by the copious 
redundant matter in the rear end 01 F, and is brought 

back again, and pafies over into E, in the way to be 
deferibed immediately' The cafe is rare, and it will 

not happen at any eonfulerable diftanee from the neutral 
point of C. If, indeed, E touch the hear end of C 

before A is brought near, the approach of A will caufe 

fluid to pafs into E immediately, and C wiil be left un¬ 
dercharged on the whole. 

The reader, who is at all converfant with eledrical 
experiments, will be fenfihle, that thefe experiments are 
delicate, requiring the gieateft drynefs of air, and every 

attention to prevent the difiipation of eledricity during 

the performance. This, by changing the (late of the 

condudors and eledrometers, will frequently occafion 
irregularities. The eledrometers are mofl apt to change 

in tins refped, it being fcarcely pofiible to make them 

perfectly finooth and free; from iharp angles. It may 

therefore happen, that when the condudors have af¬ 
fected \\\zvc\ for fame time, by the adion of the diflur- 

bing eledric, the removal of this eledric will not caufe 

the eledrometers to hang perpendicular; they will often, 

be attraded by the condudors, and often repelled; but 

the intelligent experimenter, aware of thefe circum- 
/lances, will know what allowances to make. 67 

The theory obtains a flill more complete fupport Phenomena 

from a comparison with fimilar experiments made with 

imperfed condudors. If, in place of the feries A, B, du&ors 
C, of metalline condudors, we employ' cy linders of greatly cor- 
glafs or fealing wax, or even dry' wood or marble, and roberate 

eledrometers with filk threads in place of the 1 ufli-pithtlie 
eledrometers, we fhall find all the appearances to be 
fuch as the- theory enables 11s to predid, If, for ex¬ 
ample, we ufe a lingle cylinder A of glafs, we fhall 

find that the neighbourhood of the eledric D fcarcely 
induces any eledricity on A. The eledrometer will 

hardly exhibit the fmallefl attraction, and its motions 

will be almofl entirely fuch as arife from the immediate ' 

influence of the eledric body 1). A cylinder of very 

dry wood will be more affected by' the eledric 1); and 
a circumflance of theoretical importance is very diflindl- 

ly obferved, namely, the gradual fhifting of tlie neutral 
point. It will be found to advance along the cylinder 
for a very long while, when every circumflance is very 

favourable, the air very dry, and the wood almofl a 

noncondudor ; and its final fituation will be found 

much nearer to the eledric titan in the brafs condudor. 
Several iriflrudive experiments of this kind may be 

found in a treatife publifhed in 1783 by Dr Thomas 

Milner at Maidftone in Kent, entitled, “ Experiments 
and Obfervations on Eledricity.” The author does 
not profefs to advance any new dodrines, but only to 

exhibit experiments fcientifically arranged for forming 

a fyflem. He fnpports the Franklinian fyflem as ic 
was generally underflood at that time ; but is much 
embarraffed for the explanation of the repulfion of ne¬ 

gative eledrics. The iEpinian corredion of this theory 
did not offer itfelf to his mind. 

We need not go over the fame ground again with irregular 
imperfed condudors. It is well known that fuch bo-rities. 

dies 



dies are more weakly attracted and repelled; that the 
balls of an electrometer with linen threads diverge vaft- 
ly more when an electrified body is held below it, than 
if the threads are frlken : that fuch eleCtrometers fre¬ 
quently exhibit very' capricious appearances! from the 
flow hut real progrefs of the eleCtricity along the 
threads. Thefe anomalies will be. better underftood 
when we explain the diilipation of eleCtricity along im¬ 

perfect conductors. 
Induced e- A very eflential deduction from the theory is, that 
ledlricity oft|ie electricity induced on an imperfeCt conductor mud 

conduSfrs ^ave ^ome permanency. This is fully confirmed by 
Js really experiment. But the remarkable inftances of this par- 
.permanent, ticular cannot be produced' till we be better acquainted 

with the methods of producing great accumulations of. 
fluid. It is enough to obferve at prefent, that a per¬ 
manent electricity may always be obferved at the junc¬ 
tion of the conductors with their infulating ftalks. The 
brafir conductor A ceafes to he eleCtric as foon as the 
excited globe is removed; but the very top of the glafs 
{talk on which it is fupported will fenflbly affeCt a de¬ 
licate eleCtrometer for a long while after. The follow¬ 
ing pretty experiment fnews this permanency very di- 
Itindtly. Set one of the fealing wax needles on its pivot, 
and place it between two infulated metal fpheres of 
coTrflderable lize, • at fuch a diflance from both as-not 
to receive a fpark. EleCtrify thefe balls moderately, 
one- of them pofitively, and the other negatively, and 
keep them thus eleCtrified for fome hours by renewing 
their electrification. The needle quickly arranges it¬ 
felf in the line adjoining the two fpheres, juft as a mag¬ 
netic needle will do when placed between two magnets 
ivhofe difiimilar poles front each other. Any gentle 
force will derange the needle ; but it will vibrate like a 
magnetic needle, and finally fettle in its former pofition. 
When this has been continued fome time, that end of the 
needle which pointed to the pofitive globe will be found 
negative, and the other will be found pofitive, if exa¬ 
mined with an eleCtrofcope. And now, if the two 
globes be removed, this little needle will remain eleCtri- 
cal for entire days in dry frofty weather, and its ends 
will approach any body that is brought near it (taking 
care not to come too clofe) ; and the end which point¬ 
ed to the pofitive globe will avoid a piece of rubbed 
fealing wax, but will approach a piece of rubbed glafs; 
but the Other end will be affeCted in the oppofite way. 
In fhort, it proves an eleCtric needle with a pofitive and 
negative pole. 

If two fmall infulated balls are moderately eleCtrified, 
and placed about fix inches afunder, this needle, when 
carried round them, will arrange itfelf exa&ly as a mag¬ 
netic needle does when carried round a magnet of the 
fame length. If the fame trial be made with the needle 
of gilt card, it will arrange itfelf in the fame manner 
that a foft iron needle arranges itfelf near a magnet, but 
either end will turn indifferently to either globe. 

'Ele&rical If a thin glafs plate, coated with red fealing wax, be 
meridians. fet on the pofitive and negative globes, and we fprinkle 

(from a confiderablc height) a fine powder of black 
fealing wax, and then pat the plate gently with a glafs 
rod fo as to agitate it a little, the particles of wax pow¬ 
der will gradually arrange themfelves into curve lines, 
diverging from the point over one of the globes, and 
converging to the point over the other, precifely like 

the curves formed by iron-filings fprinkled on a paper 

held over a magnet. Each little rag of wax become* 
eleCtrical by pofition, acquires two poles, and the pofi¬ 
tive pole of one attracts the negative pole of another; 
and they adhere in a certain determinate pofition, near¬ 
ly a tangent to the curve, which was mentioned in 
n° 50, and indicates the law of magnetic action. When 
in this flatc, if a hot brick be held over the plate till 
the wax fofteu a little, the particles of black wax will 

adhere to the red coating, and give us a permanent fpe- 
cimen of the aCiion. 

It is well known that liquid fealing wax is a con- 7^ 
duCtor. The writer of this article filled a glafs tube 
with powdered fealing wax, and melted it, and then ex- 
pofed it, in its melted ftate, to the influence of a pofi¬ 
tive and a negative globe, hoping to make a powerful 
and permanent electric needle, which fhould have two 
poles, and exhibit a fet of phenomena refemhling thofe 
of magnetifm. Accordingly lie, in fome meafure, fuc- 
ceeded, by keeping the globes continually electrified 
for feveral hours, till the wax was quite cold. It had 
two diftinCt poles, and preferved. this property, even 
though plunged in water, and while immerfed in the wa¬ 
ter ; but he was greatly difappointed as to the degree 
of its eleCtricity. It juft affeCted a fenfible eleCtrometer 
at the diftance of fix inches from either pole. It was 
confiderably ftronger than if it had not been melted 
during the impregnation, but by no means in the de¬ 
gree that he expeCted. It retained fome eleCtricity for 
about fix weeks, although lying negleCted among con¬ 
ducting bodies. After its power feemed quite extinCt, 
he was melting it again in order to renew it. Some 
light fibrous things chanced to he near it. While it 
was foftening, it became very fenfibly eleCtrical, caufing 
thefe fibres to bend towards it, and even to cling to the 
tube. We (hall fee by and bye, that he was miftaken 
in expeCting more remarkable appearances, and that the 
theory, when properly applied, does not proinife them. 
Having thus eftablifiied (as we think) this theory on 
fufficient foundations for making it a very perfpicuous 
way of explaining the phenomena of induced eleCtri¬ 
city, we proceed to compare it with the fecond general 
faCt in eleCtricity. 

Prop. II. When an infulated body B is brought 
very near an eleCtrified body A, a fpark is obferved toby cor 

pafs between them, accompanied with a noife (whichnication 

we (hall call the eleCtric Snap), and B is now eleCtri¬ 
fied permanently, and the eleCtricity of A is dimi- 
nifhed. 

Although this be one of the moft familiar faCts in 
eleCtricity, it will be proper to confider its attending 
circumflancts in a way that conneCts it with what we 
have now learned concerning electricity by pofition. - 

Let the infulated body A (fig.-14.) be furniftied 
with a cork-ball, hanging by a filk thread from a glafs 
(talk connected with A ; let B be fitted up in the fame 
manner ; let A be eleCtrified weakly, and its degree of 
eleCtricity be eftiinated by the inclination of. the ball 
towards A ; fince B is not eleCtrified, its electrometer 
will hang perpendicular; but when it approaches A 
(keeping'the electrometers on the remote fides of both), 
its electrometer will approach it, and the eleCtrometer 
of A will gradually approach the perpendicular. When 
the bodies are brought very near, a fpark is feen be¬ 
tween them ; and, at that inftant, the eleCtrometer of 

B comes 
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B comes muclr nearer to it, and that of A drops farther 
from it. If they be now feparated, their electrometers 
will retain their new pofitions with very little change, 
and B will now manifelt the fame kind of electricity 
with A. 

Such is the appearance when. A has been but weakly 
electrified. Bringing B near A, the fluid in B is drawn 
to the remote fide, if A be overcharged, or drawn to 
the fide neared to A, if A has been undercharged. B 
acts on its eledrometer in confequence of the change 
made in the difpofition of its fluid. The eledrometer 

is attracted. In the mean time, the change made in 
the difpofition of the fluid in B affeCts the moveable 
fluid in A. If A was overcharged, the adjacent fide 
of B becomes undercharged, and its redundant matter, 
attracting the fluid in A, condenfes it in the adjacent 
fide, abflraCting part of the redundant fluid from that 
fide which is next to the pith-ball. Then the joint ac¬ 
tion of the whole redundant fluid in A on the pith-ball 
is diminifhed. 

Mufl: hap- As there is now an attraction in the redundant fluid 
pen abrupt-in A for the redundant matter on the adjacent fide of 

B, it is reafonable to fnppofe that when this attrac¬ 
tion, joined to the repulhon of the redundant fluid be¬ 
hind it, is able to overcome the attraction which con¬ 
nects it with the fuperficial particles of the matter, it 
will then efcape and fly into B; but this will not hap¬ 
pen gradually, but at once, as foon as the expelling 
force has arifen to a very confiderable intenfity. We 
cannot fay what is the precife augmentation that is ne- 
ceffary ; but we can clearly fee, that however great the 
attradion for the adjoining particles may be, while the 
particle is furrounded by them on all Tides, it will yield 
to the fmalleft inequality of force, becaufe the particles 
before it attrad as much as thofe behind it; but when 
it is jufl about to quit the laft or fuperficial particles of 
A, a much greater force is now neceflary. It can be 
flriCtly demon 11 rated, that when the mutual tendency is 
inversely as the fquare of the diflance, the aClion of a 
particle placed immediately without a fphere of fuch 
matter is double of its adion when (ituated in the very 

* ^PuIc^es furface *. A faltus of this kind mull obtain whatever 
lrt I'™’ be the law of eleClric attraClion. VvT fhall fee other 

j. caufes alfo which fhould prevent the efcape of redun¬ 
dant fluid, and alfo its admiflion, till the impelling force 
is encreafed in a certain abrupt degree. 

Thefe obfervations mull fufhee at prefent to explain 
the defultory nature of this tranference, if there be 
really a transference. That.this lias happened, may be 
confidently inferred from the fudden diminution of the 
eleCtricity of A, indicated by the fudden fall of its 
electrometer p but it is more exprefsly eltablilhed, that 
there has been a transference by the change produced 
on B. It is now permanently eleCtrified, and its elec¬ 
tricity is of the fame kind with that of A, pofitive or 
negative according as A is pofitive or negative. And 
now we are enabled to explain the third general fad in 
electricity. 
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Imparted Prop. III. When a body has imparted eledricity to< 
fcle&ricity another, it conftantly repels it, unlefs that other has 

mutual** a^terwarc^s imparted all its eleCtricity to other bodies* 
ptrifion. This fad, from which there is no exception, is an im¬ 

mediate confequence of the theory. Before the trans¬ 

ference fuppofed by it, B was in its natural date; after 

R i C I T Y. 
the transference, both bodies contain redundant fluid, 
or redundant matter ; therefore they mufl mutually re¬ 
pel. 

We may now take another form of the experiment, 
which will be much more convincing and inflrudive. 

Let A be eledrified pofitively, or by redundancy, and 
let its eledrometer be attached to it by a conduding 
ftalk, and have a flaxen thread; let this lie the cafe alfo 
with the eledrometer of B ; then the appearances fhould 
happen in the following order: When A is made to 
approach B, the eledrometer of B mufl gradually rife, 
diverging from B ; becaufe the fluid condenfed on the 
fide remote from A, and in the eledrometer, will ad 
more flrongly on it than the deferted matter on the 
other fide of B ; and when the fudden transference is 
made, and B is wholly overcharged, its eledrometer 
will immediately rife much higher, and mufl remain at 
that height, nearly, when A is removed. On the other 
hand, the eledrometer attached to the remote fide of 
A mud defeend, by reafon of the change made in the 
difpofition of the fluid in A by the induced eledrical 
date of B : and when a confiderable portion of the re¬ 
dundant fluid in A pafies into B, the eledrometer of A 
mud fudenly fink much lower, and remain in that date 
when B is removed.. 

Many circumdances of this phenomenon corroborate Transfer 
our belief of a real transference of matter. The caufe ence a 
of eledric adion refided formerly in A alone ; it now PecJ|har 

refides alfo in B. The larger that B is, the greater is highly” pi-e- 
the diminution of A’s eledric power, and the fmaller bable. 
is the power acquired by B. It perfedly refiembles, 
in this refped, the communication, of faltnefs, fweet- 
nefs, See. by mixing a folution of fait or fugar with 
different quantities of water ; and the evidence of a 

transference of a fubdance, the caufe of eledric attrac¬ 
tions and repulfions, is at lead as cogent as the evidence 
of the transference of heat, when we mix hot water 
with a quantity of cold, or when a hot folid body is 
applied to the fide of'a cold one. We alfo fee fo many 
chemical and other changes produced by this commu¬ 
nication of eledricity, that we can hardly refufe ad¬ 
mitting that fame material fubjlatice pafies from one body 
to another, and, in its new fituation, exerts its attradions*; 
and repulfions, and produces all their efFetts. 

We may deduce.the following corollaries; all of which 
are exadly conformable to the phenomena, ferving dill 
more to confirm the judnefs of the theory-,. ^ 

1. A certain quantity of what pofiefies thefe powers. Degrees of 
of attradion and repulfion is necefiary for giving a de- vivacity 

termined vivacity to the appearances. Another fparkTroporr*on'* 

mud pais between the bodies, only if they be brought ///// ^ antiVy° 
nearer, and their electrometers mud rife and fall.dill far- imparted* 
ther. For by the firll transference of eledric fluid in¬ 
to B, the expelling power of A is diminifhed, and the 
fuperior attradion of the redundant matter in the adja¬ 
cent fide of B is alfo counteraded by the repulfion of 
the fluid which .has entered into it ; therefore no more 
will follow unlefs thefe forces be encreafed, at lead to 
their former degree. When this addition has been made 
to B, and this abdradion from A, their refpedive elec¬ 
trometers mud be affeded. All this is in perfed con¬ 
formity to experience. 7- 

2. All the phenomena of communicated eledricity Communi- 
mud be more remarkable in proportion to the con-cailon mo'^ 

du&ing power of the bodies. A very imperfea con .in "conduct 
dudor, tors* 
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dudor, fuch as glafs or ft a ling wax, will impart or re¬ 
ceive fluid only between the very neareft parts; whereas 
a metalline body is inftantly affeded through its whole 
extent. This dedn&ion i3 perfedly agreeable to the 
whole train of electric experiments. The linger receives 
a ftrong fpark from a large metalline electrified body, 
which difcharges every part of it of a portion of its 
electricity. But an excited globe, which fhews, by its 
aCtion on a diltant body, as great a degree of eledri- 
city, will give only a very fmall fpark ; and it is found 
not to be aff d d at any conliderable diflance from the 
point of its iurface from which the transference was 
made. The whole electricity of a perfeCt conductor is 
difeharged by touching it ; but a non-condudor will 
fucceflively give fparks, if touched in many different 
parts ; and it may be feen by a nice eledrometer, that 
each contaCt takes away the eleCtricity only from a 
very fmall fpace round it : and it is further highly de- 
ferving of notice, that foine time after a fpark has been 
obtained from a particular fpot of the eleCtric, a fecond 
fpark may be obtained from it, the eleCtricity of the 
neighbouring parts having been gradually diffufed 

through it. 
3. If an eleCtrified conducing body touch any thing 

communicating with the ground by perfeCt conductors, 
all its ele&ricity mull disappear, and none can appear 
in the body touched by it ; for the mafs of the earth 
bears fuch an unmeafurable proportion to that of the 
greatelt body that we can eleCtrify, that when the re¬ 
dundancy or deficiency is divided between them, it mult 
be imperceptible in both. 

Hence the neceflity of infulativtiy as it is called, -or 
the furrounding by 11 on-conductors every body which 
we would have exhibit eleClric appearances. We mult 
refer the reader to the article Electrici ry in the En- 
cycL for all the obfervations on this head, and the rea- 
fons of preference given to certain fubftanccs to be em¬ 
ployed for infulating fupports. But we mult confider, 
in its proper place, the manner in which the eledric 
fluid is dillipated by imperfeCtly infulating fubltances ; 
a fubjeCt intimately conneCled with the theory. 

4. Any uneledrified body will be firfl attracted by 
an eleCtrified body, will touch it, and will then be re¬ 
pelled. The neutral body is rendered eleCtrical by in¬ 
duction. It is, in confequence of this, attraded, comes 
near enough to receive a fpark, or even touches it, and 
is then eleCtrified by communication ; and, in confe- 
quence of this, it is repelled. This is confirmed by an 
endlefs train of experiments. It was fir It taken notice 
of (we think) by Sir Ifaae Newton. Otho Guericke, 
a gentleman of Magdeburgh, to whom we owe the air 
pump, mentions many instances of the repulfion, but 
did not-obferve that it was an univerfal law. Newton 
was fo flruck with it as to engage in a' confiderable 
train of experiments in the early part of his life, while 
meditating on the power of gravity ; but even his ia- 
gacious mind did not obferve the whole procefs of na¬ 
ture in his experiments. He obferved, that the light 
bodies which rofe and adhered to the rubbed plate of 
glafs were foon after repelled by it ; but did not ob¬ 
ferve that the fame piece would again rife to the glafs 
after it had touched the table. This fad is now the 
foundation of many experiments, which the itinerant 
eledricians vie with each other in rendering very amu- 
fing. We may render them inltrudive. Take away 

the middle conductor B (fig. 11.), and hang in its 
place a cork ball by a long filk thread. As foon as the 
electric body D is brought near to A, the ball is at¬ 
tracted by its remote end, comes into contact, is re¬ 
pelled by it, and attracted by the adjacent end of C, 
touches it, is faintly repelled by it, and again attracted 
by A ; and the operation is repeated feveral times. 
When all has ceafed, removeG, and alfo the elefiricD. 
C is found to have the fame eledricity with D, and 
A has the oppofite eleCtricity. The procefs is too ob¬ 
vious to need any detailed application of the theory. 
The cork ball was the carrier of fluid from A to C if 
D was eledric by redundancy, or from C to A if D was 
undercharged. If inftead of removing C when the vi¬ 
brations of the ball have ceafed, we bring D a little 
nearer, they will he renewed, and after fome time will 

again ceafe. The reafon i3 plain. The carrier hall had 
brought the condudor A into a flate of equilibrium 
with the adion of D. But this adion is now increa- 
fed, and the effeds are renewed. If we tow remove 
D, the ball will vibrate between A and C with great 
rapidity for a confiderable time before the vibrations 
come to an end ; and we fhall find their number to be 

the fame as before. The canfe of this is alfo obvious 
from the theory. We may fuppofe A to be negative, 
and C pofitive. One of them will attrad the ball into 
contad, and will repel it, having put it into an eledric 
flate oppofite to that of the other condudor. It now 
becomes a carrier of fluid from the pofitive to the ne¬ 
gative condudor, till it nearly reflore both to their pri¬ 
mitive flate of neutrality. 

There is frequently a feeming capricionfnefs in thofe [rre-7jiarb 
attradions and repullions. A pith bail, or a down fea-ties fre- 
ther, hung by filk, will cling to the condudor, or other- q,ienc— 

wife eledrified body, and will not fly off again, at 
for a long while. This only happens when thofe bo¬ 
dies are fo dry as to be almoft non-conduCtors. They 
acquire a pofitive and negative pole, like an iron nail 

adhering to a magnet, and are not repelled till they be¬ 
come almoft wholly pofitive or negative. It never hap¬ 
pens with conduding light bodies. 

5. It fhould follow from the theory, that the eledricE|et5tric ac< 
attractions and repulfions will not be prevented by the tion, like 
intervention of non-conduding fubfiances in their 11 eu-invitation, 

tral flate. Accordingly, it is a fad, that the interpo- ’J ^ ^in“ 

fition of a thin pane x>f glafs, let it be ever fo extenfive, inter¬ 

does not hinder the eledrometer from being affeded. pofition of 
Alfo, if an infulated eledric be covered with a glafs non-eon- 

bell, an eledrometer on the outfide will be affeded.duCtors, . 

Nay, a metal ball, covered to any thicknefs with fealing 
wax, when eledrified, will affed an eledrometer in the 
fame way as when naked. We cannot fee how thefe 
fads can be explained by the adion of eledric atmo- 
fpheres. It is indeed faid, that the atmofphere on one 
fide of the glafs produces an atmofphere on the other ; 
but we have no explanation of this production. If the 
interpofed plate be a non-conduCtor, how does the one 
atmofphere produce the other ? It muft produce this 
effeCt by ading at a diftance on the particles which are 
to form this atmofphere. Of what ufe, then, is the 
atmofphere, even if thofe atmofpheres could effeCt the 
obferved motions of the eledrometer in confiftency 
with the laws of mechanics ? The atmofpheres only 
fubflitute millions of attradions or repullions in place 

of one. We muft obferve, however, that the motions 

of 



ELECT 
of the eleftrometer are modified, and fometimes greatly 
changed, by the interpofed non-condufting plate ; but 
this is owing to the eieftricity induced on the plate. 

If the electric is politive, the adjacent fill-face of the 
plate becomes faintly negative, and the fide next the 

eleftrorneter (lightly politive. This affefts the eleftro* 
meter even more than the more remote eleftric does. 
That this is the caufe of the difference between the 
date of the eleftrorneter when the plate is there and 
when it is removed, will appear plainly by breathing 

gently on the glafs plate to damp it, and give it a final 1 
conducting power. This will make fome change in the 
polition of the eleftrorneter. Continue this more and 
more, till the plate will no longer infulate. The chan 

ges produced on the electrometer’s pofition will form a 
regular feries, till it is feen to affume the very polition 

which it would have taken had the plate been brafs. 
*1 hen, confidering thofe changes in a contrary order, 

and fuppofing the feries continued a little farther, we 
fhall always find that it leads to the pofition which it 
would have taken when no plate whatever is interpofed. 
We confider this as an important fad, Ihewing that the 
eledtric aftion is fimilar to gravitation, and "that there 
is no more occafion for the intervention of an atrno- 
fpliere for explaining the phenomena of eledtricity than 

81 for explaining thofe of gravitation. 

Strong e- 6. Since non-eledtrics are conductors, and fince elec- 
learicity tries may be excited by fridtion with a non-eleftric, it 

cited with- f°H°ws> t^iat ^ non-eleftrie be iufulated, and fepa- 
out appear- rated from the eledtric, it will exhibit ligns of eleftrici- 
ing. ty ; but when they are together, there mult not appear 

any marks of it, however ftrong the excitation may be. 

We do not pretend to comprehend diitindtly the man- 
ner in which friction, or the other modes of "excitation, 
operate in changing the eonnedtion between the parti¬ 
cles of the fluid and thofe of the tangible matter ; nor 
is this explained in any eledtric theory that we know: 

but if we are fatisfled with the evidences which we have 
for the exfftence of a fubdance, whole prefence or ab¬ 
sence is the caufe of the eledtric phenomena, we mult 

grant that its ufual connection with the tangible matter 
of bodies is changed in the ad of excitation, by fridtion, 

°r by any other means. In the cafe, of fridtion produ¬ 
cing pofitive eledtricity on the furface of the eledtric, 
we mull fuppofe that the adt of friftion caufes one body 
to emit or abfiorb the fluid more copioufly than the 
other, or perhaps the one to emit and the other to ab- 
forb. Whichever is the cafe, the adjoining furfaces 
mull be in oppofite Hates, and the one mull be as much 
overcharged as the other is undercharged. When the 
bodies (which we may fuppofe to have the form of 
plates) are joined, and the one exaftly covers the other, 

the affemblage mull be inadlive; for a particle of move- 
able fluid, fituated anywhere on the fide of the over¬ 
charged plate, will be as much attradled by the under¬ 

charged furface of the remote plate as it is repelled by 
the overcharged furface of the near plate. The fur- 
laces are equal, and equally eledlric, and aft on either 
fide with equal intenfity; and they are coincident. 
Therefore their adtions balance. The aftion is expref- 

fed by the formula of ^43; namely, F ?nf X z — 2'; 

and z — % is =: o, by reafon of the equal dillances of 
thefe furfaces frtrni the particle of exterior fluid. 

But let the plates be feparated. Part, and probably 
the greatefl part, of the redundant fluid on one of 
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the rubbed furfaces will fly back to the ot her, being ur¬ 
ged both by the attraftion of the redundant matter and 
the repulflon of its own particles. But the eledlric, be¬ 

ing eledtric becaufe, and only becaufe, it is a non-eon- 
dudlor, mud retain fome, or will remain deprived of 
feme, in a flratum a little within the furface. The two 

plates muft therefore be left in oppofite dates, and the 
condufting, or non-eleftric plate, if iufulated before fe- 
paration, mud now exhibit eleftric aftion. 

All this is exaftly agreeable to faft. We alfo know 
that deftrics may be excited by rubbing on each other; 
and if of equal extent, and equally rubbed, they exhi¬ 

bit no eleftric powers while joined together; but when 
parted, they are always in opp»fite dates. The fame 

thing happens when fulphur is melted in a metal difh, 
or when Newton’s metal is melted in a glafs difh. While 
joined, they are mod perfeftly neutral ; but manifell 
very drong oppofite eleftricities when they are fepara¬ 

ted. This completely difappears when they are joined 
again, and reappears on their feparation, even after be¬ 

ing kept for months or years in favourable circumftan- 
ces. We have obferved the plates of talc, and other 

laminated fofills, exhibit very vivid eieftricity when fplit 
afun 

S* 
Attention to thefe particulars enables us to condruft Principles 

machines for quicklv exciting vivid eieftricity on the c f tl e. con“ 
furface of bodies, and for afterwards exhibiting it with °f 

continued difpatch. The whirling globe, cylinder, or machines, 
plate, fird employed by Mr Haukfhee, for the fob'tary 

purpofe of examining the eieftricity of the globe, was 
mod ingenioufly converted by Haufeu, a German pro- 

feflor, into a rapid colleftor and difpenfer of eieftricity 
to other bodies, by placing an infulated prime conduc¬ 

tor clofe to that part of the furface of the globe which 
had been excited by friftion. Did our limits give us 
room, we fhould gladly enlarge on this fubjeft, which 
is full of mod curious particulars, highly meriting the 
attention of the philosopher : But it might eafily oc¬ 
cupy a whole volume ; and we have dill before us the 

mod intereding parts of the mechanical department of 
eieftricity, and (hall hardly find room for what is effen. 
tially requifite for a clear and nfeful comprehenfion of 

it. We mud therefore requed our readers to have re- 
courfe to the original author*', who have confidefcd the 
excitation by friftion minutely. And we particularly 
recommend the very careful perufal of Beccaria’s Dif. 
fertations on it, comparing the phenomena, in every 

dep, with this theory of iEpinus. Much valuable in¬ 
formation is alfo obtained from Mr Nicholfon’s Obfer- 
vations, of which an abdraft is given in the article E- 

LECtricity in the Encyclopedia Britannica. The jE- 
pinian theory will be found to conneft many things, 
which, to an ordinary reader, mud appear folitary and 
accidental. 

O 

Seeing that this very fimple. hypothefis of M pin us Evidences 
fo perfeftly coincides in its legitimate confequences with o*'t: e ma- 

all the general phenomena of attraftion and repulfion, ‘f1’:al1it>°.f 
and not only with thofe that are Ample, but even fuchflui& “nc 
as are compounded of many others—we may liden, 
without the imputation of levity, to the other evidences 

which may be offered for the materiality and mobility 
of the caufe of thofe mechanical phenomena. Such 
evidences are very numerous, and very perfuaflve. We 

have laid that the transference of eleftticity is defulto- 

ry, and that the change made in the eleftric date of the 

4 I) com- 
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communicating bodies is always confiderable. It appears 

to keep forne fettled ratio to the whole ele&ric power 
of the body. When the form of the parts where the 
communication takes place, and other circumftances, 

remain the fame, the transference increafes with the fize 
of the bodies ; and all the phenomena are more vivid m 
proportion. When the condu&or is very large, the 

fpark is very bright, and the fiiap very loud. 
1. This fnap alone indicates fome material agent. It 

is occafioned by a fonorous undulation of the air, or of 
fome elaftic fluid, which fuddenly expands, and as Jud- 
denly collapfes again. But fuch is the rapidity oi the 
undulation, that when it is made in clofe veffels it does 
not exift long enough, in a very expanded {late, to af- 

feft the column of water, fupported in a tube by the 
elafllcity of the air, for the purpofe of a delicate ther¬ 
mometer or barometer ; juft as a mufket ball will pafs 
through a loofe hanging fheet of paper without caufing 

any fenliblc agitation. 
2. The fpark is accompanied by intenfe hefet, which 

will kindle in flammable bodies, will melt, explode, and 

calcine metals. 
3. The fpark produces fome very remarkable chemi¬ 

cal effects. It calcines metals even under water or oil; 
it renders Bolognan phofphorus luminous 1 It decom- 
pofes water, and makes new' compolitions and decom- 

pofitioiis of many gaziform fluids ; it affc£fcs vegetable 
colours ; it blackens the calces of bifmuth, lead, tin, 
luna cornea ; it communicates a very peculiar fmell to 

the air of a room, which is diftin6t from all others; and 
in the calcination of metals, it changes remarkably the 
fmells with which this operation is ufually accompanied; 
it affefts the tongue with an acidulous take; it agitates 
the nervous fyflem.—When we compare thefe appear¬ 
ances with fnnilar chemical and phyfiological phenome¬ 

na, which natural ids never hefltate in aferibing to the 
a&ion of material fubftances, transferable from one bo¬ 
dy, or one (late of combination, to another, we can fee 
no greater reafon for hefitating in aferibing the ele&ric 
phenomena to the a&ion of a material fubftance; which 

we may call a fluid, on account of its connedled mobili¬ 
ty, and the eleftric fluid, onvaccount of its diftinguifhing 

effetts. We are well aware, that thefe evidences do not 
amount to demon ftration ; and that it is poflibk that 

the eledtric phenomena, as well as many chemical chan¬ 
ges, may refult/from the mere difference of arrange¬ 

ment, or pofition, of the ultimate particles of bodies, 
and may be confidered as the refult of a change of 
inodes, and not of things. But m the inftances we have 

mentioned, this is extremely improbable. 
We therefore venture to affume the exiftence of this 

fubftance, which philofophers have called the eleftricfluid, 

as a propolition abundantly demonftrated ; and to af¬ 
firm, on the authority of all the above-mentioned fadls, 
that its mechanical character is fuch as is expreffed in 

Mr iEpinus’s hypothefis. 
We proceed, therefore, to explain the moil intereft- 

ing phenomena of eledfricity from thefe principles. 

$4 
Diftribu- 
tion of it 

We have feen that, in a perfedl condudlor, in its na¬ 

tion ui it tural date, the eledtric fluid is uniformly diftributed, 
depends on and cannot remain in any other condition. We arc 
its law of particularly interefted to know how it is diftributed in 
action. an overcharged or undercharged body, and how this is 

affedled by the ebeumambient non.condudtmg air. It 

is evident that much depends on this. The tendency 
to efcape, and particularly the tendency to transference 
from one body, to another, muft be greateft where the 

fluid is moft conftipated. We know' that it tends re¬ 
markably to diftlpate from all protuberances, edges, and’ 
long bodies, and that it is impoflible to confine it in a 
body having very acute far-projedlingpoints; and, what 

is more paradoxical, it is hardly poffible to prevent its 
entering into a body furmfhed with a fliarp point. The 
fmalleft refle&ion muft fuggeft to our imagination, that 

a perfedfly moveable fluid, whofe particles mutually re¬ 
pel, even at confiderable diftances, and which is con¬ 

fined in a vefiVl from which it cannot efcape, muft be 
comprt-ffed againft the Tides of the veffel, and be denfer 

there than in the middle of the veffel. But in what 
proportion its denfity will diminifh as we recede from 

the walls of the veffel, muft depend on the change of 
eleftnc repullion by an increafe of diftance. The m- 
tenfity varies in the proportion of fome function of the 
diftance, and may be expreffed by the ordinates of a 

curve, on whofe axis the diftances are meafured. But 
we are ignorant of this fun&ion. We muft therefore Procefs for 
endeavour to difeover it, by obferving a proper folutmn d^fcovermg 

of phenomena. Having made fome approximation to 1S avi* 

this difeovery, fuch as fhall give rife to a probable con- 
jetture concerning the function which expreffes the in- 

tenfity of electric- repulfion, mathematics will then en¬ 
able 11s to fay how the fluid muft be diftributed (at 
leaft in fome Ample and inftruftive cafes) in a perfe&ly 

conducting body furrounded by the air, and what will 
be its aCtion on another body. rI hus we fhall obtain 
oftenfible refults, which we can compare with experi¬ 

ments. The writer of this article made many experi¬ 

ments with this view above 30 years ago, and flatteis 
himfelf that he has not been unfuccefsful in bis attempts. 
Thefe were conducted in the moft obvious and Ample 

manner, fuggefted by the reafonings of Mr iEpinus ; 
and it was with Angular pleafure that, fome years after, 

he perufed the excellent difiertation of Mr Cavcudifh in 
the Philofophical TranfaClions, vol. 61. where he ob¬ 
tained a much fuller conviftion of the truth of the con- 

clufion which he had drawn, in a ruder way, from more 
familiar appearances. Mr Cavendifli has, with Angular 

fagacity and addrefs, employed his mathematical know¬ 
ledge in a way that opened the road to a much farther 
and more fcientific profecution of the difeovery, if it 

can be called by that name. After this, Mr Coulomb, 
a diftinguifhed member of the French Academy of Sci¬ 

ences, engaged in the fame refearch in a way ftill more 
refined ; and fupported his conclufions by fome of The 
moft valuable experiments that hayc been offered to the 
public. We fhall now give a very brief account of this 
argument : and have premifed thefe hiftorical remarks; 
becaufe the writer, although he had eftabhflied the ge¬ 
neral conclufion, and had read an account of his invefti- 
gation in a public fociety in 1769, in which it was ap¬ 
plied to the moft remarkable fads then known in elec¬ 
tricity, has no claim to the more elaborate proofs of the 
fame dodlrine, which is given in fome of the following 
paragraphs. Thefe are but an application of Mr Ca- 
vendifh’s more cautious and general mathematical pro¬ 

cedure, to the fun&ion which the writer apprehends to 

be fufticiently eftablifhed by obfervation. 
The moft unexceptionable experiments vvitb which 

we can begin, feem to be the repulfions obfervable be* 
tween 
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tween two /mail fpheres. Whatever be the law of dif- 
tribution of the particles in a fphere, the general a&iori 
of its particles on the particles of another fphere will 
follow a law which will not differ much from the law 
of a&ion between two particles, if the diameters of the 

fpheres be fmall in proportion to their diftance from 
each other. The invefligation was therefore begun with 

them. But the fubjedt required an eledlrometer fufcep- 
tible of comparifon with others, and that could exhibit 
abfolute meafures. The one employed was made in the 
following manner; and we give it to the public as a va- 

$5 luable pliilofopliical inflrument. 
Compara- Fig 15. reprefents the elc&rometer in front. A is 
ble ele&ro- a polifhed brafs ball, £th of an inch in diameter^ It is 

fixed on the point of a needle three inches long, as flen- 
der as can be had of that length. The other end of 

the needle pafTes through a ball of arnber or glafs, or 
other firm non-condu6ting fubilance, about half or 

three-fourths of an inch in diameter ; but the end muff 
not reach quite to the furface, although the ball is com¬ 

pletely perforated. From this ball rifes a {lender glafs 
rod FEL, three inches long from F to E, where it 
bends at right angles, and is continued on to L, im¬ 
mediately over the centre of the ball A. At L is fix¬ 
ed a piece of amber C, formed into two parallel checks, 
between which hangs the flalk DCB of the electrome¬ 
ter. This is formed by dipping a itrong and dry filk 

thread, or fine cord in melted fealing-wax, and hold¬ 
ing it perpendicular till it remain covered with a thin 
coating, and be fully penetrated by it. It mult be 
kept extended, that it may be very ftraight ; and it 
muft be rendered fmooth, by holding it before a clear 
fire. This flalk is faflencd into a fmall cube of amber, 
perforated on purpofe, and having fine holes drilled in 
two of its oppofite fides. The cheeks of the piece C 

are wide enough to allow this cube to move freely be¬ 
tween them, round two fine pins, which are thruft thro’ 
the holes in the cheeks, and reach about half way to 
the flalk. The lower part of the flalk is about three 
inches long, and terminates in a gilt and burnifhed cork- 
ball (or made of thin metal), a quarter of an inch in 

diameter. The upper part CD is of the fame length, 
and pafies through (with fome friClion) a fmall cork- 

ball. This part of the inflrument is fo proportioned, 
that when FE is perpendicular to the horizon, and 
DCB hangs freely, the balls B and A juft touch each 
other. Fig. 16. gives a fide perfpedlive view of the 
inflrument. The ball F is fixed on the end oftthe glafs 

rod FI, which pafTes perpendicularly through the dentre 
of a graduated circle GHO, and has a knob handle of 
boxwood on thd farther end I. This glafs rod turns 
ftiffly, but fmootlily, in the head of the pillar HK, &c. 

and has an index NH, which turns round it. This in¬ 
dex is fet parallel to’the line LA, drawn through the 
centre of the fixed ball of the ele&rometer. The circle 

is divided into 360 degrees; ahd o is placed uppelmoft, 
and 90 on the right hand. Thus the index will point 
out the angle wdiich LA makes with the vertical. It 

will be convenient to have another index, tunling fliftly 
on the faifie axis, and extending a good way beyond the 
circle. 

This inflrument is ufed in the following manner : A 
'Connexion is made with the body whofe ele&ricity is 
to be examined, by flicking the point of the conneft- 

•ing wire.into the hole at F, till it touch the end of the 

needle ; or, if we would merely ele&rify the balls A 

and B, and then leave them fnfulated, we have only to 
touch one of them with an ele&rified body. Now, 
take hold of the handle I, and turn it to the right til! 

the index reach 90. In this polition, the line LA is 

horizontal, and fo is CB ; and the moveable ball B is 
refting on A, and is carried by it. Now eledrify the 

balls, and gently turn the handle backwards, bringing 
the index back toward o, See. noticing carefully the 
two balls. It will happen that, in fome particular po- 
fition of the index, they will be obferved to feparate. 
Bring them together again, and again caufe them to 

feparate, till the exad pofition at Reparation is afeer- 

tained. This wilt fhew their repulfive force in contadl, 
or at the diftance of their centres, equal to the fum of 

their radii. Having determined this point, turn the in- 
ftrnment flill more toward the vertical pofition. The 
balls will now feparate more and more. Let an affifl- 
ant turn the long index fo as to make it parallel to the 
flalk of the ele&rometer, by making the one hide the 

other from his view. The mathematical reader will fee 
that this ele&rometer has the properties aferibed to it. 
It will give abfolute meafures: for by poizing the flalk, 

by laying fome grains weight on the cork-ball D, till 
it becomes horizontal and perfedlly balanced, and com¬ 
puting for the proportional lengths of BC and DC, we 

know exactly the number of grains with which the 
balls mull repel each other (when the flalk is in a ho¬ 
rizontal pofition), in order merely fo feparate. Then a 

very fimple computation will tell us the grains of repul- 
fion when they feparate 111 any oblique pofition of the 

flalk ; and another computation, by the refolution of 

forces, will fhew us the repulfion exerted between them 
when AL is oblique, and BC makes any given angle 

with it. All this is too obvious to need any farther 
explanation. The reafon for giving the cormedlion be¬ 

tween A and C fuch a circuitous form, was to avoid all 
a61 ion between the fixed and the moveable part of the 
ele6lrometer, except what is exerted between the two 

balls A and B. Fhe needle AF, indeed, may a6t a 
little, and might have been avpided, by making the ho¬ 

rizontal axis FI to join with A : but as it was wanted 

to make the inflrument of more general ufe, and fre¬ 

quently to conned it with an eleftrieal machine, a bat¬ 
tery, or a large body, no mode of connection offered it- 
felf which would not hav^, been more faulty in this re- 

fpe6t. The ueateft and moft ^opipendious. form would 
have, been. to attach tJiC'axjsjFI to C, and to make 

CA and CB iliff metajiane.wipes#. in the fame manner 
as f Mr rBroo;kes,?t declipmeter is, made r f But as the 

whole'of their lengths vvopld have acted, this conftruc- 
tjon would have ; beep ,very^improper in. t;he inveftiga- 
tiqn of ’the law of ek#nc, lypulftqn. As it' now Hands, 

we. imagine that it has epp fide talkie advantages over Mr 
Brookes’?. confti;u5^ion,^ pnd al(q over IVIr De Luc’s 

iconip^We^lg^fP^tjer^dfTcribjeji in his Eftays on Me¬ 
teorology. It has even advantages over Mr Coulomb’s 

incomparably, more delicate electrometer, which is fen- 
fible> and can meafure repuifipi^ which do not exceed 
the 50,000 of a grain ; for the inflrument which we 

have deferibed will mealure the attractions of the oppo. 

fitely dearified, bodies ; a; thing which Mr Coulomb 
could not do without a great circuit of experiments. 
For inftead of making the ball B above A, by inclining 

the inflrument to the right hand, we may incline it to 

4D2 the 
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the left; and then, by eleftrifying one of the balls po- 
fitively, and the other negatively, when at a great dis¬ 
tance from each other, their mutual attradion will 

caufe them to approach; CB will deviate from the ver¬ 
tical toward A ; and we can compute the force by 

means of this deviation. 
We muft remind the perfon who would make obfer- 

vations with this inftrument, that every part of it muft 
be fecured againft diftipation as much as pofiible, by 

- varnifhing all its parts, by having all angles, points, and 
roughneft'es removed, and by choofmg a dry ftate of the 
air, and a warm room ; and, becaufe it is impofiiblc to 
prevent diftipation altogether, we muft make a previous 

courfe of experiments, in a variety of circumftances, in 
order to determine the diminution per minute corre- 

fponding to the circumftances of the experiments that 

are to be made with further views. 
We truft that the reader will accept of this parti¬ 

cular account of an inftrument which promifes to be of 
confiderable fervice to the curious naturalift ; arid we 
now proceed with an account of the conclufions which 
have been drawn from obfervations made with it. 

Here we could give a particular narration of fome of 
the experiments, and the computations made from them ; 

but we omit this, becaufe it is really unneceffary. It 
fuftices to fay , that the writer has made many hundreds, 
with different inftruments, of different fizes, fome of 
them with balls of an inch diameter, and radii of 18 
inches. Their coincidence with each other was far be¬ 
yond his expectation ; and he has not one in his notes 
which deviate from the medium -g-th of the whole force, 

and but few that have deviated TlTth. The deviations 
were as frequently in excels as in defeCt. His cullom 
was to meafure all the forces by a linear fcalc, and ex- 
prefs them by ftraight lines ereCted as ordinates to a 
bafe, on which he fet off the diftances from a fixed 

point; he then drew the moft regular curve that he 
could through- the fummits of thefe ordinates. This 
method (hews, in the moft palpable manner, the coin- 

86 cidence or irregularity of the experiments. 
Spheres, The refult of the whole was, that the mutual repul- 

trdied^^10n tW° ^P^eres> ele(^r^e^ pofitively or negatively, 
pel witha was very nearly in the inverfe proportion of the fquares 
force pro- of the diftances of their centres, or rather in a proper- 
portional . I 

1 tion fomewhat greater, approaching to 1 \ o6. No dif- 
t° —; * ’ 

ference was obferved, although one of the fpheres was 
much larger than the other ; and this circumftance 
enables us to make a confiderable improvement on the 

eleClrometer. Let the ball A be made an inch in dia¬ 
meter, while B is but -Jth of an inch. This greatly dimi- 

% nifties the proportion of the irregular actions of the reft 
of the apparatus of the whole force, and alfo diminifnes 

- the diftipation when the general intenfity is the fame. 

And attraft When the experiments were repeated with balls ha- 
according ving oppofite electricities, and which therefore attrac- 
to the fame ted each other, the refults were not altogether fo re¬ 

gular, and a few irregularities amounted to -g-th of the 
whole ; but thefe anomalies were as often on one fide of 
the medium as on the other. This feries of experi¬ 
ments gave a refult which deviated as little as the for- 

, mer (or rather lefs) from the inverfe duplicate ratio of 

the diftances; but the deviation was in defeCt as the 
other was in excefs. 

We therefore think that it may be concluded, that 

the aCtion between two fpheres is exactly in the inveffe 

duplicate ratio of the diftance of their centres, and that * 
this difference between the obferved attractions and re- 
pulfions is owing to fome unperecived caufe in the form 

of the experiment. $8 
It muft be obferved alfo, that the attractions and Aura&ionj 

repulfions, with the fame denfity and the fame diftances, ^jepul- 

were, to all fenfe, equal, except in the forementioned^™* 

anomalous experiments. The mathematical reader will qua! dif- 
fee that the above-mentioned irregularities are imper-unces, 

feCtions of experiment, and that the gradations of this 
funCHon of the diftances are too great to be much af- 

feCted by fuch fmall anomalies. The indication of the 
law is precife enough to make it worth while to adopt 
it, in the mean time, as a hypothecs, and then to feleCt, 
with judgment, fome legitimate confequences which will 

admit of an exaCt comparifon with experiment, on fo 
large a fcale, that the unavoidable errors of obfervation 
(hall bear but an infignificant proportion to the whole 
quantity. We (hall attempt this: and it is peculiarly 

fortunate that this obferved law of aCtion between two 
fpheres gives the moft eafy accefs to the law of aClion 
between the particles which compofe them ; for Sir Ifaac 
Newton lias demonftrated (and it is one of his moft preci¬ 

ous theorems), that if the particles of matter aCl on each 
other with a force which varies in the inverfe duplicate 

ratio of the diftances, then fpheres, confiding of fuch 
particles, and of equal denfity at equal diftances from 
the centre, alfo a£t on each other with forces varying 
in the fame proportion of the diftances of their centres. 
He demonftrates the fame thing of hollow fpherical 

(hells. He demonftrates that they aft on each other 

with the fame force as if all their matter were collected 

in their centres. And, laftly, he demonftrates, that if 
the law of a&ion between the particles be different from 

this, the fenfible a£tion of fpheres, or of hollow fpherical 

(hells, will alfo be different (fee Principa, I. Prop. 74, 

&c. alfo Astronomy, Eticycl 307.) . 89 

Therefore we may conclude, that the law of eleCtric Electric so 

attraftion and repulfion is limilar to that of gravitation,110” 18 “* 

and that each of thofe forces diminifhes in the fame pro-^J 
portion that the fquare of the diftance between the par-cf the dif- 

ticlcs increafe. We have obtained much tifeful informa-tance. 
tion from this difeovery. We have now full confirmation 
of the propolitions concerning the mutual aCtion of two 
bodies, each overcharged at one end and undercharged 

at the other. Their evidence before given amounted 
only to a rcafonable probability ; but we now fee that 

the curve line, whofe ordinates reprefent the forces, is 
really convex to the abfeiffa, and that Z -f- z is always 
greater than Z' + z ; from which circumftance all the 

reft follows of courfe. . 9° . 
Let us now enquire into the manner in which 

redundant fluid, or redundant matter, is diftributed inj^ when 

bodies; the proportion in which it fubfifls in bodiesrectundant 

communicating with each other; the tendencies to or deficient 

efeape; the forces which produce a transference, &c. &c. 

In the courfe of this enquiry, a continual reference 
will be made to the following elementary propofition : ^ 

Let ABD (fig. 17.) be the bafe of a cone or pyra- Lemma* 

mid, whofe vertex is P, and axis PC ; and let abd be 
another fe&ion of it by a plane parallel to the bafe; let 
thefe two circles, or fimilar polygons, conlift of matter 

or fluid of equal and uniform denfity ; and let P be a 
particle of fluid or matter ; the attraction or repulfion 
of this particle for the whole matter or fluid in the fi¬ 

gure ABD is equal to its attraction or repulfion for 
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the whole matter or fluid in aid. For the attra&ion 
for a particle in ABD is to the attra&ion for a particle 
fimilarly placed in a b d as P c% to PC* ; and the number 
of particles in ABD is to that of thofe in a b d as PC* 
to Pc1; therefore the whole attraction for ABD is to 

that for a b d as P c1 X PC2 to PC* X P c2, or in the ra¬ 
tio of equality. 

Cor. i. The fame will be true of the action of plates 
of equal thicknefs and equal denfity ; or, in general, 
having luch thicknefs and denfity as to contain quan¬ 
tities of matter or fluid proportional to their areas. 

2. The action of all fuch fections made by parallel 

planes, or by planes equally inclined to their axis, are 
equal. 

3. The tendency of a particle P to a plane, or plate 
of uniform thicknefs and denfity, and intinitely extend¬ 
ed, or to a portion of it bounded * y the fame pyramid, 
is the fame, at whatever didance it be placed from the 
plate, and it is always perpendicular to it. 

4. This tendency is proportional to the denfity and 
thicknefs of the plate or plates jointly. 

It is only in two or three Ample cafes that we can 
propofe to date with preciflon what will be the difpo- 
fition and adtion of the eledtric fluid in bodies ; but we 
fhall feledl thofe that are mod: inflrudtive, and connected 
with the mod remarkable and important phenomena, 

pifpofuion Let A a d D (fig. 18.) and E e h H reprefent the 
in parallel fe&i0ns of a part of two infinitely extended parallel 

plates (which we fhall call A and E), confiding of folid 
conducting matter, in which tlie ckdtric fluid can move 

without any obdrudtion,but from which it cannot efcape. 
Firji, Let them be both overcharged, A containing 

the quantity r of redundant fluid, and E containing 
the quantity s, and let r be greater than s. 

The fluid will be difpofed in the following manner: 

1. There will be two drata, A^B and G g h H, 
adjoining to the remote furfaces, in each of which 

. r -f- s 
the quantity —-— will be crowded together as clofe as 

poffible. 

2. Adjoining to the interior fnrface (that is, the fur- 

face neareft to E) of the plate A, there will be a dra- 
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plates. 

When both 
are over¬ 
charged, 

crowded turn C c d D, containing the quantity — 

together. 

3. The adjacent fide of E will have a ftratum E ef F, 
V —- - s 

jud fuflicient for containing the quantity-at its 

natural derfity. This dratum will be entirely exhauded 
of fluid. 

4. The fpaces B l c C and ¥ f g G will be in their 
natural date. 

For a particle of fluid in the fpace B b c C is urged 
r -j- s 

in the diredlion a d by the force -- (n° 91, 3.), 

and in the dire&ion da by the force therefore 

it is, on the whole, urged in the dire&ion a d with the 

force j*, which will balance the repulfion of the redun¬ 
dant fluid in the other plate. A particle of fluid in 

the fpace ¥ f g G is repelled in the direction h e by a 
r -f* s 

force —-— by the fluid in G g h H, and it is attracted 

in the fame dire&ion by the redundant matter in E ef¥9 

with the force Thefe make a force r which ba¬ 

lances the repulfion r of the other plate. No other dif- 
pofition will be permanent ; for if a particle be taken 
out from either dratum Aab¥> or QcdT) into the 

fpace between them, the repulflon from that dratum 
which it quitted is lefleiied, and the repulfion of the 

oppoflte dratum, joined to that of the other plate, will 

drive it back again. The fame thing holds with refpe£l 
to the fluid in the other plate. 

Cor. 1. If the two plates be equally overcharged, all 
the redundant fluid will be crowded on the remote fur- 

faces, and the adjacent furfaces will be in the natural 
date. 

In the fecotid place, let the plates be undercharged, When they 
and let r be the fluid wanting in A, and s the fluid a^e un^er- 

wanting in E, and let s be greater than r; then, ’ “ * 
1. The drata adjoining to A a and H h will be 

completely exhauded of fluid,‘ and the redundant mat- 

r -f* s 
ter in each will be fuch as would be faturated by-. 

3 2 
2. The dratum C c d D will contain redundant fluid 

s — r 

93* 

94 

-, crowded clofe. 

3. The dratum E e f F will be deprived of fluid, and 
j* — r 

the quantity abftra&ed is —j—. 

4. The fpaces B b c C and ¥f g G are in the natu« 
ral date. 

The demondration is the fame as in the former cafe. 95 
Thirdly, Let A be overcharged, and E underchar- When they 

ged, A containing the redundant fluid r, and E want- J11 
ing the fluid s ; and let r be greater than s. Then, ^ * CS’ 

1. The drata A a b B and G g h II contain the re¬ 

dundant fluid , crowded clofe. 

9* 

r -I** s 
2. The dratum C c d D contains the quantity —~—1 

crowded clofe. 

3. The dratum E e f F is exhauded, and wants the 

. r + s 
quantity ———. 

4. The red is in the natural date. 

Cor. 2. If the redundant fluid in A be jud fuflicient 
to faturate the redundant matter in E, the two remote 
furfaces will be in their natural date, all the redundant 
fluid in A being crowded into the dratum C c d D, 
and all the redundant matter being in E e f F. 

This difpoiition will be the fame, whatever is the 

didance or thicknefs of the plates, unlef3 the redundant 
fluid in A be more than can be contained in the whole 
of E when crowded clofe. 

When the two plates are overcharged, the fluid preflWc 

prefles their remote furfaces with the force J. 9 and dency^o e- 

would efcape with that force if a paffage were opened. fcapC' 

It would enter the remote furfaces of two underchar¬ 

ged plates with tlie fame force ; and, in either cafe, 
it would run from the inner furface of one to the ad¬ 

jacent furface of the other, with the force ~~ f., 
4 

If one be overcharged and the other undercharged, 
fluid would efcape from the remote furface with the 

force 
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force --—, and would run through a canal between 

^ " T"1 r -j- s 
them with the force-. 

They repel or attraCt each other with the force r + / 
according as they are both over or undercharged, or as 
one is overcharged and the other undercharged. 

This example of parallel plates, infinitely extended, 
is the fimpleli that can be fuppofed. But it cannot 
obtain under our obfervation ; and in all cafes which 
we can obferve, the fluid cannot be uniformly fpread in 
any flratum, bpt muft be denfer near the edges, or near 
the centre, as they are overcharged or undercharged. 

Let ABD (fig. 19.) reprefent a fphere of perfectly 
conducing matter, overcharged with eleCtric fluid, 
which is perfectly moveable in its pores, but cannot 
•efcape from the fphere. Let it be furrounded by con¬ 
ducting matter faturated with moveable fluid. It is re¬ 

quired to determine the difpofition of the fluid within 

and without this fphere. 
Sir Ifaac Newton has demonftrated (Princ. I. 70 ) 

that a particle />, placed anywhere within this fphere, 
is not affeCted by any matter that is without the con¬ 
centric fpherical furface p q r in which itfelf is lituated, 
therefore not affeCted by what is between the furfaces 
ABD and p q r He alfo demonftrates, that the mat¬ 
ter within the furface p q r aCts on the particle p in the 

Tame manner as if the whole of it were collected in the 

centre C. 
Hence it follows, that the redundant fluid will be 

all conftipated as clofe as pofiible within the external 
‘furface of the fphere, forming a fliell of a certain mi¬ 
nute thickpefs, between the fpherical furfaces ABD 
’and aid; and all that is within this (that is, nearer 
the centre C) will be in its natural Hate. 

With refpeCt to the diflribution of the fluid in the 
Surrounding matter, which we fuppofe to be infinitely 

extended, we muft recoiled that this fhell of conftipa¬ 
ted redundant fluid repels any external particle of fluid 

>in the fame manner as if all were Collected at C. Hence 
it is evident, that the fluid in the furrounding matter will 
be repelled, and, being moveable, it will recede from 
this centre ; and there will be a fpace all round the 
fphere ABD which is undercharged, forming a fliell 

between the concentric furfaces ABD and This 
fliell will contain fuch a quantity of redundant matter, 
That its attraction for a particle of fluid is equal to the 
repulfion of the fliell of fluid crowded internally on the 
furface ABD. /ill beyond this furface a /3<T will be in 

its natural ftate ; for this redundant matter ads on a 
particle of fluid, fituated farther from the centre, in the 

fame manner as if all this redundant matter were col- 
leded in the centre C. So does the redundant fluid 
in the conftipated fhell. Therefore their adions ba¬ 
lance each other, and there, is no force exerted on any 
particle of fluid beyond this deficient fhell. This de¬ 
ficient fhell will not affed the fluid in the fphere a b cl 
by Newton’s demonilration. No other difpofition will 

•be permanent. But farther: This undercharged fhell 
muft be completely exhaufted: for a particle of fluid 
placed between ABD and will be more repelled 
by the fluid in the crowded fhell within the furface 
ABD, than it is attraded by the redundant matter of 

its own fliell that is iefs remote from the centres and 

it is not affeCted by what is more remote from the 
centre. Therefore the fluid without the fphere ABD 
cannot be in equilibrio, unlefs the fliell between ABD 
and * fi S be not only rarefied, but altogether exhaufted 
of fluid. 

If the fphere be undercharged, the fpace between 
ABD and a b d will be entirely exhaufted of fluid, and 
there will be a fhell <* P $ of redundant matter furround¬ 

ing the fphere. All within a b d, and all without *3 

will be in its natural ftate. It is unneceffary to repeat 
the fteps of the fame demonftration. 

This valuable propofition is by the Hon. Mr Caven- 

difh. . ... 99 

This would be the difpofition in and about a glafs Confequen. 
globe filled and furrounded with an ocean of water,ccs of th” 
and having redundant fluid within it, on the fuppofition Jlfp°fitlon* 

that glafs is impervious to the eleCtric fluid. But it 
would not affeCt ail eleCtrometer, even fuppoiing that 

the movements of the electrometer could be effected 
under water. Suppofe the globe of water to be fur¬ 

rounded with air, and that the fluid is difpofed in both 
in the manner here deferibed ; it will be perfectly neu¬ 

tral in its aCtion on any eleCtrometer fituated in the air. 
But, by reafon of the almoft total immobility of the fluid 
in pure dry air, this ftate cannot foon obtain; and, till it 
obtain, the conftipated fhell within the glafs muft repel 

the fluid in an eleCtrometer more than the partially ra¬ 

refied fhell of air, which furrounds the glafs, attracts it. 
By the gradual retiring of the fluid in the furrounding 

air from the globe, the attraction of the deferted mat¬ 
ter will come nearer to equality with the repulfion of 
the conftipated fhell within the glafs, and the globe will 
appear to have loft fluid. Yet it may retain all the re¬ 
dundant fluid /which it had at the firft. Therefore we 

are not to imagine that a body fimilar to this globe has 
no redundant eleCtric fluid, or only a fmall quantity, 
becaufe we obferve it inaCtive, or nearly fo. I00 

Thus we fee, as we proceed, that the JEpinian theo- Verified 
ry is adequate to the explanation of the phenomena. tbe 
But we fee it much more remarkably in a very familiar 

and amufing experiment, uiually called the electric Well ex- 
well. See Electricity, Encycl. SeCt. x. 4. plained. 

To fee it in perfection, make a glafs veffel of globu¬ 

lar fhape, with a narrow mouth, fufficiently wide, how¬ 
ever, to admit an eleCtrometer fufpended to the end of 
a glafs ?od of a crooked form, fo that the eleCtrometer 
can be prefented to any part of the infide. §mear the 

outfide of the globe with fome tranfparent claimmy 

fluid, fuch as fyrup. Set rt on an infill a ti fig (land (a 
wine glafs), and eleCtrify it pofitively. Hold the elec¬ 

trometer near it, anywhere without, and it will be. 

ftrongly affected. Its deviations from the perpendicu¬ 
lar'(ii the ball of the eleCtrometer has alfo been eleCtri. 
fied) will indicate a force inverfely as the fqnare of the 
diftance from the centre of the globe, pretty exaCtly, 
if the thread of the eleCtrometer is of filk. Now let 
down the eleCtrometer into the infide of the globe. It 
will not be affeCted in any fenfible degree, nor approach 
or avoid any body that is lying within the globe. The 
eleCtrometer may be held in all parts of the globe, and 

when brought out again, is perfectly inactive and neu¬ 
tral. But if the balls of the eleCtrometer be touched 
with a wire, while hanging free within the globe, they 
will, on withdrawing the wire, repel each other ; and 

when taken out, they will be found negatively eleCtri- • 

fied. 
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fied. The experiment fucceeds as well with a metal 
globe ; nay, even although the mouth be pretty wide ; 
in which cafe, there is not a perfect balance of aCtion 
in every direction. The eleCtrometar may be made to 
touch the bottom of the globe, or anywhere not too 
near the mouth, without acquiring any fenfible eleCtri- 

city ; but if we touch the out fide with the electrome¬ 
ter, it will inftantly be eleCtrified a;]d ftrongly repelled. 
Deep cylinders, and all round veffels with narrow 

mouths, exhibit the fame fhintuefs of ele&ricity within, 
except near the brims, although ftrongly eleCtric with¬ 

out ; and even open metal cups have the interior elec¬ 
tricity much diminifhed. 

Electric Reflecting on this valuable propofition of Mr Caven- 
bodiesarfi diih> we fee clearly why an overcharged eleCtric is only 
only fuper- fuperficially fo ; and that this will be the cafe even al- 
ficialiy fo. though, we attempt to accumulate a great quantity of 

eleCtricity in it, by melting it in a thin glafs globe, and 
eleClrifying it while liquid, and keeping up the accu¬ 

mulating force till it becomes quite cold. The prefent 
writer, not having confidered the fubjeCl with that ju¬ 
dicious accuracy that Mr Cavendifh exerted, had hopes 
of producing a powerful and permanent eleCtric in this 
way, and was mortified and puzzled by the difappoint- 
ment, till he faw his miftake on reading Mr Cavendiflfts 
differtation. 

Cautions in Thefe obfervations alfo point out a thing which 
certain ex- ftiould be attended to in our experiments for difcover- 
penments. jng the electricity excited in the fpontaneous operations 

of nature, as in chemical compofition and decompofi- 
tion, congelation, fufion, evaporation, See. It has been 
ufual to put the fubftances into glafs, or other non¬ 
conducting veffels, or into veffels which conduct very 
imperfeCtly. In this laft cafe efpecially, the very faint 

eleCtricity which is produced, inftantly forms a compen- 
fation to itfelf in the fubftance of the veflel, and the 

apparatus becomes almofl neutral, although there may 
have been a great deal of eleCtricity excited. It will 
be proper to conlider, whether the nature of the expe¬ 

riment will admit of metalline veffels. In the experi¬ 
ments on metalline folutions, the beft method feems to 
be, to make the veffel itfelf the fubftance that is to be 

Jc% diflblved. 

Kedlricity For fimilar reafons we may colleCt, without a more 
more near-minute examination, that bodies of all fhapes, when 
Jypropor- overcharrred, will have the redundant fluid much denfer 

tlie furface near t“e thau ln the interior parts ; and denier 
than to the in all elevations, bumps, projections, angles, and near 
quantity of the ends of oblong bodies *, and that, in general, the 
matter. quantity of redundant fluid, or redundant matter, will 

be much more nearly proportional to the furfaces of 
bodies than to their quantities of matter. All this is 
fully proved by experience. The experiment of the 
eleCtrified chain is a very beautiful one, Day a long 

metal chain in an infulated metal difh furnifhed with an 
cle&rometer. Let one end be held an inch or two 
above the coil by a filk thread. EleCtrify the whole, 
and obferve the divergency of the eleCtrometer; then, 
gradually drawing up the chain from the coil, the elec¬ 
trometer will gradually fall lower, and lowering the 
chain again will gradually raife it.. 

We now fee with how little reafon Lord Mahon con¬ 
cluded that the point of his conductor, obferved to be 
neutral, correfponded with his theory ; namely, one of 

the media of a harmonic divifion, We fee no reafoo 

for beginning the computation at the extremity of the 
prime conductor. It certainly Ihould not have been 
from the extremity. Had the prime conductor been a 
Angle globe, it fhould have begun from the centre of 
this globe. If it was of the ufual form, with an out- 
ftanding wire, terminated by a large ball, the aCtion of 

the body of the conductor ftiould certainly have been 
taken into the account. In Ihort, alinoft any point of 

the long conductor might have been accommodated to 
his Lordfhip’s theory. 

We might now proceed to inveftigate the diftribution 104, 
of the eleCtric fluid in bodies expofed to the aCtion of 
others, and particularly in the oblong conductors made 
ufe of in our preparatory propofttions. The problem 

is determinate, when the length and diameter of cylin- 
dric conductors are given ; but even when the eleCtric 
employed for inducing the eleCtricity is in the form of 
a globe, we muft employ functions of the diftances that 
are pretty complex, and oblige us to have recourfe to 
fecond fluxions. The mutual aCtions of two oblong 
conductors, of confiderable diameters, give a problem 
that will occupy the firft mathematicians; but which is 
quite improper for this fcanty abftraCt. Nor is a minute 

knowledge of the difpofition of the fluid of very im¬ 
portant fervice. We may therefore content ourfelves 
with a general reprefen tat ion of the ftate of the fluid in 
the following manner, which will give us a pretty di- 
ftinCt notion how it will aCt in moft cafes : 

Let A (fig. 20.) be an overcharged fphere, and BC General re* 

a conducting cylindric or prifmatic body ; draw be pa-Preknta~ 
rallel to BC, and ereCt perpendiculars B b, C c> P 

&c. to repreient the equable denfity of the fluid, when Qf {hefluid#, 
the conductor is in its natural ftate ; but let B d, C r, 

P s, See. reprefent the unequal denfities in its different 
points, while in the vicinity of the overcharged fphere. 
Thefe ordinates muft be bounded by a line d n r, which 
will cut the line b c in the point n of the perpendicular, 
drawn from the neutral point N of the conductor. The 
whole quantity of fluid in the conductor is reprefented 

by the parallelogram BC c b ; which muft therefore be 
equal to the fpace BC rnd: the redundant fluid in 
any portion CP or PN is reprefented by the fpaces 
c r tpy or tpn; and the redundant matter, or deficient 
fluid, in any portion BQ^, is reprefented by b d v q. 
The aCtion of this body 011 any body placed near it, 
depends entirely on the area contained between this 
curve line and its axis b c. The only circumftance that 
we can afeertain with refpeCt to this curve is, that th\> 
variations of curvature in every point are proportional 
to the forces exerted by the fphere A ; and are there¬ 
fore inverfely as the fquares of the difiances from A. 
This property will be demonftrated by and bye. The 
place of n, and the magnitude of the ordinates, will va¬ 
ry as the diameter of the conductor varies. We fhall 
confider this a little more particularly in fome cafes 
which will occur afterwards. We may confider the 
funpleft cafe that can occur ; namely, when the conduc¬ 
tor is, like a wire, of no fenfible diameter, nay, as con¬ 
taining only one row of particles. 

Let AE (fig. 21.) be fuch a (tender conducting ca*- In a \»*ry 

nal ; and let B b, C c, E ef Sco. reprefent the denfity flender ca* 

of the fluid which occupies it, being kept in this ftate fUricTmufE 
of inequable denfity by the repulfion for fome over-be alinoft 

charged body. A particle in C is impelled in the di- equally di¬ 
rection CE by all the fluid on the fide of A, and in the ftributed# 

direction 
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dire&ion CA by all the fluid on 
moving force, therefore, arifes from the difference of 

thefe repulfion s. When the diameter of the canal is 
conftant, this arifes only from the difference of denfity. 
The force of the element adjacent to E may therefore 

be expreffed by the excefs of D d above C c, and the 
adion at the diftance CD jointly. Therefore, draw¬ 

ing & c £ parallel to AE, this force of the dement E 
d$ . . : A 

will be exprdfed by x, repelling the particle in the 

dire&ion CA. If CF be taken equal to CD, the force 
fP. f* . 

of the element at F will be expreffed by —z x, or^- x, 

alfo impelling the particle in the dire&ionC W The 

m tP + f<p • 
joint a&ion of thefe two elements therefore is .— 

If bee were a draight line, we fhould have d $ +/ p al¬ 
ways proportional to d ; and it might be expreffed 

* by m X c S ; m being a number exprefiing what part of 
c & the fum of d & and f <p amounts to (perhaps or 

or T*^th, See.). But in the cafe expreffed in the 

figure, d$ does not increafe fo fall as c and f $ in- 
creafes fader than c <f. However, in the immediate 
neighbourhood of any point C, wc may exprefs the 

m c • 
accelerating force tending towards A by with¬ 

out any fenfible error ; that is, by in — ; that is, by 
x 

the fluxion of the area of a hyberbola IID'G, having 
CC and CK for its affymptotes ; and the whole ac¬ 
tion of the fluid between F and D, on the particle C, 
will be expreffed by the area C'CDD'H. Hence it 
follows, that the a&ion of the finalleft conceivable por¬ 
tion of the canal immediately adjoining to C on both 

fides, or the difference of the ad ions of the two ad¬ 
joining elements, is equal to the adion of all beyond it. 
This fhews, that the date of comprefiion is hardly af- 

fe&ed by any thing that is at a fenfible didance from 
C ; and that the denfity of the fluid, in an indefinitely 
(lender canal, is, to all fenfe, uniform. The geometer 
will alfo fee, that the fecond fluxion of D d is propor¬ 
tional to the force of the diflant body. We learn, 
therefore* fo much of the nature of the curve b c e.— 
{Coulomb}. 

We are now in a condition to examine the commu¬ 
nication of ele&ricity by means of conducing canals 
(which is one of the mod important articles of the fin- 
dy,) having found that the fluid, in a very (lender ca¬ 
nal, is very nearly of uniform denfity throughout. 

There can be no doubt but that, if a body B (fig. 
2 2.) be overcharged or undercharged, any other body 
C, which communicates with it by a condu&ing canal, 
will alfo be overcharged or undercharged. It is as evi¬ 
dent, that if a body, in any {late of eie&ricity, be in 

the neighbourhood of an overcharged or undercharged 
body A, while it communicates with C by a canal lead¬ 
ing from the fide mod remote from A, fluid’will be 

107 driven from B into C, or abilraded from C into B. 
By crooked It is not, however, fo clear, that when the canal 
canals. leads from the (ide neared to A (as in fig. 23.), fluid 

will be driven from B into C. We conceive the fluid 
to be moveable in the body and in this canal, but not 

'to efcape from it. Its motion, therefore, in this cafe, 

Jhould, in the opinion of Mr Cavendilh, referable the 

3 06 
Communi¬ 
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transfer¬ 
ence by 
canals. 

ELECTRICITY. 
the fide of E. The running of water in a Syphon by the preflure of the air. 

While the repulfion of the redundant fluid in A allows 
the bend of the fyphon neared to A to retain fluid, a 
current fliould tak^ place from B along the fliort leg, 

in confequence of the fuperior adlion on the fluid in 
the long leg. But if the repulfion of A can drive the 

fluid out of the bend between B and F, Mr Cavendifli 
thinks, that it doe^ not appear that fluid will come 
up from B in oppofition to the repulfion of A, and 

then run along to D. But fluid does not move, in ei¬ 
ther of thefe cafes, on the principle of a fyphon ; be- 

caufe there is nothing to hinder the fluid from expand¬ 
ing iii the part EDF. And we are rather difpofed to 
think, that it will always move from B, over the bend, 
to C ; For even if the fluid can be completely driven 

out of the bend EF, it mull be done by degrees, and 
the fluid in the long leg will, from the very beginning 
of the a&ion of A, be more moved from its place than 
that in the fliort leg ; and therefore will yield to the 
comprefiion, which adls tranfverfely, and, by thus yield¬ 

ing more toward F than toward E, the fluid will rufh 
through the contracted part, and go into C. We do 
not fay this with full confidence ; but are thus particu¬ 
lar, on account of an important ufe that may be made 

of the experiment. For if the body A be underchar- Ptv>p0fal 
ged, fluid will certainly be attraCled from C, and pafs fordifeover- 
over the bend into B, however great the adtion of A redan- 

may be. Perhaps this may be fo contrived, therefore, 
as to decide the long agitated queftion, Whether the elec¬ 
tricity of excited glafs be plus or minus ? If it be found 
that this apparatus, being prefented to the rubber of 

an eledlrical machine, dirninilhes the pofitive electricity 
of C, and increafes that of B ; but that, prefenting the 
fame apparatus to the prime conductor, makes little 
change—we may conclude, that the eleCirieity of the 

prime conductor is pofitive. We have tried the expe¬ 
riment, paying attention to every cireninitince that 

feemed likely to infure fuccef§; but we have always 
found hitherto, that the apparatus was equally affeCted 
by both eleClricitits, 

We mult now confider the aCtion of electrified bo¬ 

dies on the canals of communication ; becaufe this will 
give us the eafielt method of ascertaining the propor¬ 

tion in which the expelling fluid is dillributed between 
them. For when two bodies communicate byr a canal, 

and have attained a permanent Hate, we mult conceive 
that their oppolite actions on the fluid moveable along 
this canal are in equilibrio, or are equal. This will 
generally be a much eaiier problem than their aCtion cm 

each other, fince we have feen a little ago, that the 
fluid in a (lender canal is of uniform denfity very near¬ 

ly. A very few examples of the mod important of 
the Ample cafes mull fufiice. joS 

Therefore let AC a (fig. 24.) reprefent the edge ofA&ionofa 
a thin conduCling circular plate, to which the (lender plate on a 

canal CP is perpendicular in the centre. It is required rt<^]*nea* 
to determine the aClion of the matter or fluid, uniform-cana * 
ly fpread over this plate, on the fluid moveable in the 
canal PC l 

1. Required the aCtion of a particle in A on the 
fluid in the whole canal ? Join AP ; and call CP xf 

AP y, and AC r ; and let f exprefs the intenfity of ac¬ 
tion at the diftance 1, or the unit of the Scale on which 

> the lines are meafured. 
f 

The a&ion of A on P, in the direction AP, is — 
£2’ 

This, 

109. 
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This, when eftirnated in the dire&ion CD, is reduced 

f x sc 
t° Ji'Xy; and is therefore = /p. Therefor^ the 

fluxion of the adion, in the direction CP, on the whole 

s^s 

canal, is f x zz f— (becaufe x :y * *) z= f X 
« y y 
™. The variable part of the fluent is =r/T 

R1CITY. 
S- To find the adion of the plate on the whole co- m 

lumn ? 2. On the 
v whole ca- 

t \ * nab 
yJ 

or 

and 

the complete fluent is =: f (C — J-V where C is a con- 
. yi 
fta°t quantity, accommodated to the nature of the cafe. 

Now, the adion iriuft vanifli when the canal vanifties, or 

when * — o, and y = r. Therefore C —— = o, and 
i r 

C= —; and the general expreflion of the adion is / 

-= /*•?—T, exprefling the adion of a par¬ 

ticle in the circumference of the plate on the fluid in 
the whole canal CP. . 

2. Required the adion of the plate, whofe diameter 
IIO is A ay on the particle P ? 

I. On a fin- Let a reprefent the area of a circle, whofe diameter 

m^heai-16 18 = l* Then a r2 is the area of the plate, and 2 arr 

nal* is the fluxion of this area: becaufe r :y = y : r, i arr 

is = 2 ayy. Therefore the fluxion of the adion of 

the plate on the particle Pis fx 2 ay y X ~ zz 2 fa 

The fluent of this has for its variable part 

2 fa sc X TLL(for when the particle P is given, * does 

not vary). This is zz 2fa X . To complete this 

fluent, we muft add a conftant quantity, which fhall 

make the fluent = o when the particle P is at an in¬ 
finite diftance ; and therefore when x zz y. Therefore 
y sc x 

~ o, or 1 — — o, or C r: 1 ; and the com- 
y y y 

plete fluent for the whole plate is 2fa (1_ 

The meaning of this expreflion may not occur to the 

reader : For 1 — ~ is evidently an abftrad number; fo 

is a. Therefore the expreflion appears to have no refe¬ 
rence to the fize of the plate. But this agrees with the 

obiervation in n°9i. where it was fhewn that, provided 
the angle of the cone or pyramid remained the fame, 

the magnitude of the bafe made no change in its at¬ 
traction or repulfion for a particle in the vertex. 

It will appear by and bye, that 1 — — is a meafure 
y 

or fundion of a certain angle of a cone. 

Cor.* If PC be very fmall in proportion to AC, the 

aCtion is nearly the fame as if the plate were infinite : 

For when the plate is infinite, - is = o, and the ac- 
. . y 

tion is = 1, whatever is the diftance (fee n°9i—93.) 

Therefore, when x is very fmall in comparifon of r, and 

confequently of y9 1 — ~ is very nearly z: 1, 

Suppl. Vol. I. Part II, 

in. 

The fluxion of this muft be 2 fa X (1 

2 f a (x — -—or 2 f a X ( x —y) ; becaufe y zz- 

The fluent of this has for its variable part 2 fa 

X (x —_y). A conftant quantity muft be added, 
which fliall make it = o when the column = o ; that 

is, when y zz ?*, and x r o ; that is, C — r = o, and 

C = r. Therefore the complete fluent is 1= if a (* -f- 
r —y. 

Thus we have arrived at a,moft Ample expreflion ofGeometri- 
the attraction or repulfion of a plate for fuch a column, cal expref- 

or for portions of fuch a column. And it is raojl ea-fio"of thcfs 
% conftruded geometrically, fo as to give us a fenfible*6 - * 
image of this adion of eafy conception and remem¬ 

brance. It is as follows: Produce PC till CK == CA, 

and about the centre"P deferibe the arch AI, cutting 
Civ in I. Phen 2f a X IK is evidently the geometri¬ 

cal expreflion of the at trad ion or repulfion. This is 
plainly a cylinder, whofe radius is a unit of the fcale, 
and whofe height is twice IK. 

In like manner, by deferibing the arch At round the 

centre/, we have 2 fa X i K for the adion of the plate 
on the fmall column C/; and ifaX Ii is the adion 
of the plate on the portion P/. 

The general meaning of the expreflion if a X IK is, 
that the adion of the whole plate on the column PC 

is the fame as if all the fluid in the cylinder a X 2 Ilv, 

were placed at the diftance 1 from the ading par¬ 
ticle. ‘ ■ . r 

From this propofition may be eafily deduced fome 

very ufeful corollaries by the help of the geometrical 
conftrudion. 

1. If PC be very great in comparifon with ‘AC, the 114. 
adion is nearly the fame as if the column were infinite¬ 
ly extended ; for in this cafe IK is very nearly — CK, 

the difference being to the whole nearly as AC to twice 
AP. 

2. If, in addition to this laft condition, another co-rmportant 
lumn/C be very fmall in comparifon of AC, then the corollary, 

adion on PC is to that on /C very nearly as / C to 
AC. For it will appear that i K : IK = / C : AC very 
nearly. It is exadtly fo when CP : CA 2= CA iCp ; 

and it will always be in a greater oroportion than that 
of/C to IK. 

b This will be found to be a very important obferva- 
tion. 

The redundant fluid has hitherto been fuppofed to 
be uniformly fpread over the plate : but this cannot 
be; becaufe its mutual repulfion will caufe it to be 
denfer near the circumference. We have not determi¬ 
ned, by a formula of eafy application, what will be the 

variation of denfity. Therefore let us confider the re- 
fult of the extreme cafe, and fuppofe the whole redun¬ 

dant fluid to .be crowded into the circumference of the 

plate, as we faw that it muft be on the furface of a 
globe. • 

In this cafe, the aftion on the fluid in the canal will Adt"!f o£ 

be fa (r — y)- For -1 r . ‘ a circum- 
the area of the plate is a r2, andfe ence on 

. w , a canal. 
4 & the 
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n7. 

2l8. 

in the circumference on the 

fy.TZL\. There- 

219, 

no 
Eq ui valent 
centre of 
action. 

the adlion of a particle 

whole canal was (hewn (n°i09.)to be 

fore the adlion of the whole fluid crowded into the cir¬ 

cumference is f a r2 X -> zz fa r---- It may 
ry y 

be reprefented as follows: Defcribe the quadrant C£BE, 

cutting AP and A p in 15 and b, Draw BD and b d 

parallel to PC. Then PB 1= y — r, and DC zz r 

y —L, Therefore the adlion is reprefented by/mul- 

y 
tiplying a cylinder, whofe radius is I and height is DC. 
In like manner, d C is the height of the cylinder corre- 
fponding to the column p C, and D d the height corre- 

fponding to Pp, 

Cor, I. When CP is very great in comparifon with 

CA, the point D is very near to A, and I is very near 
to C, and CD is to IK nearly in the ratio of equality. 
In this cafe the adlion of the fluid, uniformly fpread 
over the plate, is nearly double of the adlion of the 
fame fluid crowded round the circumference ; for they 

are as cylinders, having the fame bafes and heights in 

the ratio of 2 IK to DC, which is nearly the ratio of 

2 to f. 
2. On the other hand, when the column p C is very 

fhort, the adlion of the fluid fpread uniformly over the 
■plate is to its adlion, when crowded round the circum¬ 

ference, nearly in the ratio of 4 AC to pQ, For thefe 

adlions are in the ratio of zf a X i K to I fa X d C, or 
as 2 i K to </C, or nearly as 2p C to d C, or more 
nearly as 2 b d to dC. But CJ:^r/ = ^^A + A^,, 
or nearly zz b d: 2 C A. Therefore C d : 2 b d zz p C : 

4 C A nearly. 
Hence we fee that the adlion on fhort columns is 

much more diminifhed by the recefs of the redundant 
fluid toward the circumference than that on long co¬ 

lumns. Therefore, any external eledlric force which 
tends to fend fluid along this canal, and from thence to 
fpread it over the plate, will lend into the plate a great¬ 

er quantity of fluid than if the fluid remained ultimate¬ 
ly in a flate of uniform diflribution over its furface ; 
and that the odds will be greater when the canal is 

fhort. 
Lajtly, on this fubjedl. If KL be taken equal to 

AP, or PL be equal to KI, the repnlflon which all the 

fluid in the plate, colledled in K, would exert on the 
fluid in the canal CL, is equal to the repulfion which 
the fame fluid, conftipated in the circumference, would 
exert on the column CP. For we have feen that the 
adlion of a particle in A, on the whole column PC, 

when eflimated in the diredlion PC, is •?——and it 
yr 

is well known that the adlion of a particle in K for the 

column CL is — —L-, or 1 — = ---• There- 
KC KL r y yr 

fore the adlion of the whole fluid, colledled in the cir¬ 

cumference, on the column CP, is equal to that of the 

fame fluid, colledled in K, on the columns CL. 

Cor. 1. If the column CP is very long in proportion 

to AC or KC, the adlions of the fluids in thefe two 
different fltuations are very nearly the fame. The ac¬ 
tion of the fluid colledled in K exceeds its adlion when 
colledled in A only by its adlion on the fmall and re¬ 

mote column LP. The adlion of all the fluid colledl- 

123. 
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ed at K on the column CP, is eafily had by taking 
C / z= KP. It is equal to the adlion of the fame fluid 

placed in A on the column C /. 
Cor, 2. The adlion of all the fluid uniformly fpread, 

exerted on the column CP, is to the adlion of the fame 

fluid colledled in K, exerted on the column CL, as 

2 IK to CD. 
Tf the column CP is very great in proportion to AC, 

the half breadth of the plate, the adlion in the firfl cafe 

is very nearly double of the adlion in the other cafe, 

and is exactly in this proportion if CP is of infinite ex¬ 

tent. 
Cor, 3. If CNO be a fpherical furface or {hell of the Adlion of & 

fame thicknefs and diameter as the plate A a, and con-^^^ 

taining redundant fluid of the fame uniform denfity, the 0’r 
adlion of this fluid on the column CL is double of the lid, on the 
adtion of the fluid uniformly fpread over the plate on lame canal* 

the column CP, and quadruple of the adlion of the fluid 
colledled in the circumference : for the adlion is the 

fame as if all were colledled in the centre K, and the 
furface of the fphere is four times that of the plate, and 

therefore they are as IK to 2 CD. 
Let us now confider the comparative adlions of dif¬ 

ferent plates or fpheres on the canals. 115 
If two circular plates, DE, de (flg. 25.), or two Adlion of 

fpherical fhells, ABO, abo, of equal diameters andtw0 Piatts> 

thicknefs with the plates, and containing redundantarc 

fluid of equal denfity, communicate with infinitely ex-astheirdia* 
tended ftraight canals OP, op, paffing through their meters, 
centres perpendicular to their furfaces, alfo containing whei1 the 

fluid uniformly diflributed and of equal denfity—the^jh*^ 
repulfions will be as the diameters. For the repulfion iong# 

of the fpherical furfaces is the fame as if all the fluid 
were colledled at their centres ; and the repulfion of 

the fluid uniformly fpread over the furfaces of the plates 

is'double of its repulfion if colledled at the centres of 

thefe fpheres ; it follows* that the repulfions of the 
plates are proportional to thofe of the fpheres. But 
becaufe the repulfion of a plate whofe radius is r wras- 

y, and when the column 

is equal to y, 

it follows, 

fhewn to be zz 2 a X r x 

is infinitely extended, 

126, 

1.17 

and r 4 ^ —y 
that the repulfions of the plates are as 

2 a X R and 2 a X r, or proportional to their diameters. 

Therefore the repulfions of the fpheres are in the fame 

proportion. 
Cor. t. If the canals are very long in proportion to 

the diameters of the plates or fpheres, the repulfions are 

nearly in the fame proportion. 
Cor, 2. But as the lengths of the canals diminifh, thexhe pro- 

repuliions approach to equality ; for it was fhewn, that portion of 

when the canal was very fmall, the repulfion was t0^iontsdi- 
that for an infinite column as the length of the canalto minIfhed if 
the radius of the plate. Therefore if the radius ot thetRe canals 

greater plate be (for example) double of that of theare fhort. 

fmaller, and the little column be Vijlh of the radius, it 
will be f^-th of the radius of the fmaller plate. Now 
T\-th of half the repulfion is equal to ^th of the double 
repulfion. Alfo, in the cafe of the fpheres, the repul¬ 

fion of a particle at the furface is as the quantity of fluid 
diredlly, and as the fquare of the radius inverfely ; but 

when the denfity is the lame in both fhells, the quan¬ 
tity is as the furface, or as the fquare of the radius. 

Therefore the repulfions are equal. 
Cor, 3. If the denfity of the fluid in two fpherical 

fhells be inverfely as the diameters, the repulfions for an 
infinitely 
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n8 infinitely extended column of fluid are equal; for each 

Atons of repels as if all the fluid was collected in the centre. 

ane°JPuaHfTherefore, if the denfity, and confequently the quan¬ 
ta denfity tity, be varied in any proportion, the repulfion will vary 
beinverfelyin the fame proportion. The repulfions will now be 
as the dia¬ 
meters ; 
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Two 
fpheres 
overchar- 

as CO X gQ to c 0 X —, or in the ratio of equality. 

Cor. 4. When the quantities of redundant fluid in 
quantity of two fpheres are proportional to their diameters, their 

fhibTbe as rePuMi°ns f°.r an infinitely extended canal are equal : 
thediame- f°r if this redundant fluid is conflipated in the furfaces 
ters. of the fpheres, as it always will be when they confift of 

conducing matter, the denfities are as the diameters in- 
verfely, becaufe the furfaces are as the fquares of the 

diameters. Therefore, by the laft corollary, their ac¬ 
tions on an infinitely extended canal are equal. But 
in fpheres of nonconduding matter it may be different¬ 

ly difpofed, in concentric fhells of uniform denfity. 
This makes no change in the adion on the fluid that 
is without the fphere, becaufe each fhtll ads on it as if 

it were all colleded in the centre. Therefore the re¬ 
pulfions are flill equal. 

Cor. 5. Two overcharged fpheres, or fpherical fhells, 
OAB, oab (fig. 26 J, communicating by an infinitely 
extended canal of conduding matter, contain quanti- 

ged m this tjes Qf redundant fluid proportional to tlieir diameters ; 

are mTqui-^or t^]e‘r a<^Ions on the fluid in the interjacent canal 
librio if ™uft be in equilibria, and therefore equal. This will 
communi- be the cafe only when the quantities of fluid are in the 
^atin^y a proportion of their diameters. 

canal.01 ^ When the canals are very long in proportion to the 
diameters of the fpheres, the proportion of the quanti¬ 
ties of redundant fluid will not greatly differ from that 
of the diameters. 

Cor. 6. When the fpheres of conduding matter are 
thus in equilibrio, the preffures of the fluid 011 their 
furfaces are inverfely as their diameters ; for the repul¬ 
fion of a particle at the furface is the fame with the 

tendency of that particle from the centre of the fphere, 

the adions being mutual. Now this is proportional to 
the quantity of redundant fluid diredly, and to the 
fquare of the diftance from the centre inverfely, that is, 
to the diameter diredly, and to the fquare of the dia¬ 
meter inverfely, that is, to the diameter inverfely. 

Hence it follow's, that the tendency to efcape from 
of the fluid the fpheres is inverfely as the diameter, all other cir- 

inverfdels«cumrtances bei#n2 the fame : for 111 as far as the efcape 
theCdia-y aeprpceecis from mere eledric repulfion, it, mull follow 
meter. this proportion. But there are evident proofs of the 

co-operation of other phyfical caufes. We obferve che¬ 

mical compofitions and decompofitions accompanying 
the efcape of eledric fluid, and its influx into bodies : 
we are ignorant how far, and in what manner, thefe 

operations are afteded by diftance. Bofcovich fhew's 
moft convincingly, that the adion of a particle (of 

whatever order of compofition), on external atoms and 
particles, is furprifingly changed by a change in the 

diftance and arrangement of its component atoms. A 
conftipation, therefore, to a certain determined degree 
and lineal magnitude, may be neceffary for giving oc- 
cafion to fome of thofe chemical operations that accom¬ 

pany, and perhaps occafion, the efcape of the eledric 
fluid. If this be the cafe (and it is demonjlrable to be 

poflible, if the operations of Nature be owing to attrac¬ 
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tions and repulfions), the efcape mvjl be defultory. It 
is adually fo ; and this confirms the opinion. 

The public is indebted to Mr Cavendifh for the pre- 

ceding theorems on the adion of fpheres and circular 

plates. He has given them in a more abftrad and ge¬ 
neral form, applicable to any law of eledric adion 

w'hich experience may warrant. We have accommo¬ 

dated them to the inverfe duplicate ratio of the dif- 

tances, as a point fufficiently eftablifhed ; and we hope 

that we have,rendered them more Ample and perfpicu- 

ous. We have availed ourfelves of Mr Coulomb’s de- 
monftration of the uniform denfity in the canal, with¬ 

out which the theorems could not have been demon- 
ftrated. The minute quantity of the fluid in the ca¬ 

nal can have no fenfible effed on the difpofition or pro¬ 
portion of the fluid in the plates or fpheres. 

It may be thought that the laft corollary, refpedingThispropo. 
the equilibrium of two fpheres, is not agreeable to hy- fitionagrees 

droftatical principles, which require the equality of thewith hy- 

two forces w'hich balance each other at tlie orifices ofjdar^atlCai 
the (lender cylindric canal ; whereas, in that corollary, aW*‘ 
the forces at the extremities of the canal are inverfely 

as the diameters of the fpheres or plates. This would 
be a valid objedion, if the compreffing forces aded on¬ 

ly on the extremities of the canals ; but they ad on 

every particle through their whole length. It is not, 
therefore, the preflure' at one end of the canal that is 

in equilibrio with the preflure at the other end, by the 
interpofition of the fluid. It is the preflure at one 

end, together with the fum of all tlie intermediate pref¬ 

fures in that diredion, that is in equilibrio with all the 
preflure in the oppofite diredion. The preffures at the 

ends are only parts of the whole oppofite preffures ; 
they are the fir ft in each account. In this manner 
a flender pipe, having a ball at each end, may be kept 

filled with mercury, while lying horizontal, if the air 
in each ball is of equal denfity. But if it be raifed per¬ 

pendicular to the horizon, it cannot remain filled from 
end to end, unlefs tlie air of the ball below be made fo 

elaftic by condenfation, that its preflure on the lower 

orifice of the pipe exceed the preflure of the air in the 
upper ball on the other orifice by a force equal to the 

weight of the mercury, that is, to the aggregate of the 
adion of gravity on each particle cf mercury in the 

pipe. Therefore the repulfions of the fpheres that we 
are fpeaking of are in equilibrio by the intervention of 

the fluid in the canal, in perfed confiftency with the 
laws of hydroftatical preflure. 

Mr Cavendifh has purfued this fubjed much farther, 
and has conlidered the mutual adion of more than two 

bodies, communicating with each other by canals of 
moveable fluid uniformly denfe. But as we have not 

room for the whole of his valuable propolitions, we fc- 
leded thofe which were elementary and leading theo¬ 
rems, or fuch as will enable us to explain the moft im¬ 
portant phenomena. They are alfo fuch, as that the 

attentive reader will find no difficulty in the inveftiga- 
tion of thofe which we have omitted. 

Mr Cavendilh’s moft general propofmon Is as follows: Cental 

When an overcharged body communicates, by a ca-proportion 
nal of very great length, ftraight or crooked, with two W:th re- 

or more fimilar bodies, alfo at a very great diftance taf thc 

from each other, and all are in deftnc equilibrium, and communi- 
4 £ 2 confequently eating bo¬ 

dies. 
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confequently each body overcharged in a certain deter¬ 
mined proportion, depending on its magnitude, if any 
two of thefe bodies are made to communicate in the 
fame manner, their degrees of eledhricity are fucb, that 

no fluid will pafs from one to the other, their mutual 
actions on the fluid in this canal being alfo in equilibrio.^ 
He brings out this by induction and combination ot 

the fingle cafes, each of which he demonftrates by means 

of the following theorem ; 
It ismdif- The a&ion of an overcharged' fphere ACB (fig. 25.) 
ferent whe-on the fluid in the whole of a carial df P that is ob- 
ther the ca-jjqUe? tending to impel the fluids in the direction of 

5al.b(j that canal, is equal to its a&ion on the fluid in the 

crooked.0 whole of the reCtilineal canal CP. Let h i be a mi¬ 
nute portion of the flraight canal, and/ d the portion 

of the crooked canal which is equidiftant from the cen¬ 

tre C of the fphere ; draw the radii C/, C d, and the 
concentric arches A/, i dy cutting/C in g ; and draw 
g e perpendicular to fd; the force a&ing on i h, impel¬ 

ling it toward P, may be reprefented by hi. The 
fame force a&ing on d/, in the direction c/, mufl there¬ 

fore be expreffed by gf This, when eftimated in the 
direction of the canal d/, is reduced to e f \ „tmt it is 

exerted on each particle of d/. Now df : g f = gf: 
ef, and dfXefzzg f2, = gf Xbi\ therefore the 
whole force on df, in the direction d/, is equal to tfm 

force on t hy in the direction i h. Hence the truth of 

the propofition is manifeft. 
We beg the curious reader to apply this to the cafe 

in hand, and he will find that the molt complicated 

cafes may all be reduced to the Ample ones which we 
have demonllrated to be ftri&ly true when the bodies 
are fpheres or plates, and the canals infinitely long, and 
which are very nearly true when the canals are very 

long, and the bodies fimilar : And we now proceed to 
one compound cafe more, which includes all the moil 

134 remarkable phenomena of electricity. 
Curious Let HK, AB, DF, and LM (fig. 27.), be four 
and very paraHel ancl edpal circular plates, two of which, HK 

cafe°ofafouran^ AB, communicate by a canal GC of indefinite ex¬ 
piate*. tent, joining their centres, and perpendicular to their 

planes ; let DF and LM be conne&ed in the fame 
manner, and let the two canals be in one ftraight line ; 
let the plate HK be overcharged, and the plate LM 
juft faturated. It is required to determine'the difpofi- 
tion and proportion of the eleCtric fluid in the plates 

which will make this condition of HK and LM pof* 
fible and permanent, every thing being in equilibrio ? 

The plate HK being overcharged, and communica¬ 

ting with AB, AB mult be overcharged in the fame 
manner ; and being alfo equal to HK, it muft be over¬ 
charged in the fame degree, containing an equal quan¬ 
tity of redundant fluid difpofed in the fame manner. 
To Amplify the inveftigation, we (hall firft fuppofe that 

the redundant fluid is uniformly fpread over the furfaces 

of both. , 
When the plates HK and AB are in this ftate, let 

the plates DF and LM be brought near them, as is re¬ 
prefented in the figure, CE being the diftance of the 
centres of AB and DF. ft is evident that the redun¬ 
dant fluid in AB will a£t on the natural moveable fluid 
in DF, and drive fome of it along the canal EN, and 
render LM overcharged. Take off this redundant 
fluid in LM. This will diminifh or annihilate the re- 

pulfion which it was beginning to exert on the canal 

EN ; therefore more fluid will come out of DF, and 
again render LM overcharged. The redundant fluid 

in LM may again be taken off, in lefs quantity than 
before, as is plain. Do this repeatedly till no more can 

be taken off. But this will undoubtedly render DF 

undercharged, and it will now contain redundant mat¬ 
ter. This will aCt on the fluid in the canal GC, and 
abftraCt it from G ; therefore fluid will come out of 

HK into AB. HK will be lefs overcharged than be¬ 
fore, and AB will be more overcharged. But the now 
increafed quantity of redundant fluid in AB will a<T 
more ftrongly on the moveable fluid in DF, and drive 

more out of it. This will leave more redundant matter 
in. it than before, and this will aCt as before on the 
fluid in the canal GC. This will go on, by repeated¬ 
ly touching LM, till at laft all is in equilibrio. Or 
this ultimate ftate may be produced at once by al¬ 
lowing LM to communicate with the ground. And- 

npw, in this permanent ftate of things, HK contains a 
certain quantity of redundant fluid ; AB contains a 
greater quantity ; DF contains redundant matter; and. 

LM contains its natural quantity. The demand of the 
problem therefore is to determine the proportion of the 

redundant fluid in HK to that in AB, and the pro¬ 
portion of the redundant fluid in AB to the deficiency 
of fluid in DF. The dynamical confiderations which 
determine thefe proportions are, ift. The repulfion of 
the redundant fluid in AB, for the fluid in the canal 
EN, muft be precifely equal to the attraction of the re¬ 
dundant matter in DF for the fame fluid in the canal ; 

for LM, being faturated, is neutral. 2d9 The repul¬ 

fion of the redundant fluid in HK, for the whole fluid 

in the canal GC, muft balance the excefs of the repul¬ 
fion of the redundant fluid in AB above the attraction 

of the redundant matter in DF for the fame. 

Let the redundant fluid in AB be zz f 
the redundant matter in DF = m. 

the redundant fluid in HK = F. 
Becaufe HK and AB are equal, there can be no 

doubt but that the fluid in thofe plates would be fimi- 
larly difpofed ; and it is highly probable, that if AB 
be very near DF, the redundant fluid in AB, and the 
redundant matter in DF, will alfo be difpofed nearly 
in the fame manner. This will appear plainly when we 
confider with attention the forces aCting between a very 

fmall portion of AB and the correfponding portion of 

DF. The probability that this is the cafe is fo evi¬ 

dent, that we apprehend it unneceffary to detail the 
proofs. We fhall afterwards confider fome circum- 

ftances which fhew that the difpofltion in the three 
plates will (though nearly fimilar) be nearer to a ftate 
of uniform diftribution than if only AB and HK had 

been in aCtion. Affuming therefore this fimiiarity of 
diftribution, it follows, that their aCtions on the fluid 
in the canals will be fimilar, and nearly proportional to 

their quantities. 
Therefore let 1 be to n as the repulfion of the fluid 

in AB, for the fluid that would occupy CE, is to its 
repulfion for the fluid in EN or CG. 

Then the aCtion of AB on EN isfXn— 1, and 
,the aCtion of DF on EN is m n ; therefore, becaufe 
the plate LM is inaCtive, the aCtions of AB and DF 

on EN muft balance each other, and fXn — I zz mn, 

and The 



ELECT 
The repulfion of f for the fluid hi CG is f n. The 

attradion of m 

n — i 
=/x— 

sH 
for it is m X n — i ; and becaufe m 

the attraction of m for the fluid in CG 

is f X --- X n — i. Therefore the repulfion of f 

is to the attraction of m 3vS fn to fX --—, or as 

Call the repnl- f n2 to fX n — I , or as n2 to n — i 

fion off r, and the attraction of m a. 

We have r : a ss ri2: n — i 

and r : r — azzn2 in2 — (n — I )2 zz n7: 2 n —I. 
Therefore, becaufe the repulfion of F is equal to this 

excefs of r above a, we have n2 : 2 n — 1 = f: F, and 
I _ n~ 2 « — 

F =/-j~ 
J tr W = F; Theiefore, if n2 is 

n J 2 n — I 
much .greater than 2 n— 1, the quantity of redundant 

fluid in AB will be much greater than the quantity in 

j»5 
Prodfgioua Now, when the eleCtric aCtion is' inverfely as the 
accumula- fquare of the diitance, and EC is very fmall in compa- 
non of re- rifon with AC, we have feen (n° 11c.) that 1 : n near- 

ly =: CE : CA, or that n is nearly -jrg. When this is 

the cafe, and confequently n is a confiderable number, 
n2 n2 

we may take the number- or -without any 
' 2 n in — 1 ' 

dundant 
luid 

2 n - 

great error. In this cafe f is equal to FX~ very 

nearly. Suppofe CA to be fix inches, and CE to be 
s^th of an inch ; this will give n = 120, and/ = 6o F ; 

r «*. 14,400 „ „ 
or, more exadly, F = JJZTj = " 5 = 

If, inilead of the plate HK, we employ a globe of the 

fame diameter, / will be but half of this quantity, or f 

= FXj (n° 1 23, 124.) 
136 

And evacu- It alfo appears, that when the plates AB and DF 
ation: are very near to each other, and confequently n a large 

number, the deficiency in DF is very nearly equal to 

the redundancy in AB. In the example now given, 

• 59 . - 
m is ^ of f, being — fX n — 1. 

Vet no very Yet this great deficiency in DF does not make it 
fenfible a^.-eledrical on the fide toward LM. It is juft fo much 
Jcarance. evacuated that a particle of fluid at its furface has no 

tendency to enter or to quit it. 
Laftly, this great quantity of fluid collected in AB 

does not render it more eleCtrical than HK. 

In general, things are in the condition treated of in- 

n° 22, 23, &c. 
The attentive reader will readily fee, that this account 

of the apparatus of four plates is only an approxima¬ 
tion to the condition that readily obtains under our ob- 
fervation. Our canals are not of indefinite length, nor 

occupied by fluid that is diltributed with perfed uni¬ 
formity; nor is the fluid uniformly fpread over the fur- 
face of the plates. He will alfo fee, that the real Hate 
of things, as they occur in our experiments, tends to 
diminifh the great difproportion which this imaginary 
llatement determines. But when the canals cire very 

long in comparifon with the diameters of the plates, 

RICLTY. 
and AB is. very near to DF, the difference from this 
determination is inconfiderable. We fhalLnote tliefe 

differences when we confider the remarkable phenomena 
that are explained by them. 

In the mean time, we fhall juft mention fome Ample 

confequences of the prefent combination of plates. x^g 

Suppofe AB touched by a body. Eledric fluid will Method 

be communicated ; but by no means all the redundant ?f deftr°y-- 

fluid contained in AB : only as much will quit it a8grfat «eu. 
will reduce it to a neutral ftate, if the body whichmulati-m ; 
touches it communicates with the ground ; that is, till r- By de- 
the attra&ion in the redundant matter in DF attracts£rees » 
fluid on the remote fide of AB as much as the redun¬ 
dant fluid left in AB repels it. When this has been 

done, DF is no longer neutral ; for the repulfion of 

AB for the fluid in EN is now diminiflxed, and there¬ 
fore the attradion of DF will prevail. If we now 

touch DF, it may again become neutral with refped to 
EN ; but AB will now repel again the fluid in CG* 

and again be eleCtric on that fide by redundancy. 
Touching AB a fecond time takes more fluid from it, 

and DF again becomes eleCtric by deficiency, and at¬ 
tracts fluid on that fide,—— And thus, by repeatedly 

touching AB and DF alternately, the great accumula¬ 
tion of fluid in AB may be exhaufted, and the nearly 
equal deficiency in DF may be made up. 

But this may be done in a much more expeditious 2. Ail at 
way, Suppofe a flender conducting canal a b d broughtonce- 
very near to the outfides of the plates, the end a being 
near to A, and the end d to. D. The vicinity of a 

to A caufes the fluid in ab to recede a little from a 
by the repulfion of the redundant,fluid in AB. This 

will leave redundant matter in ay which will ftrongly 
attiaCt the redundant fluid from A, and 3 mav receive 

a fpark. But the confequence, eyen ;of a nearer ap¬ 
proach of the fluid to the outward! furface of A, will 

render the correfponding part pf, DF more attradive, 
and the . retiring of fluid .from a along a b will pufh 

fome of its natural fluid toward 4\ and thus A becomes 
more difpofed to givje out, and a to take, it in, while d 
is difpofed to emit, and D to attrad. Thus every c!r- 

cumftance favours the paffage of the whole, or almoft 

the whole, redundant fluid to quit AB at A,, to o*o 
along a b d, and to e.iiter into DF at D, 

It is plain that there muff be a ftrong tendency in The plates 
the fluid in AB to go into DjF, and that the platesftronj/ly ae— 

muff ftrongly at trad each other. A particle of fluidtr^ each 
lituated between them tends, toward DF with a forqe,°lhcr‘ 
which is to the foie, repulfion of AB nearly as twice 
the redundant fluid in it to what it would contain^if 
eledrified to tlie fame degree while {landing alone. 

Wit h this particular and remarkable cafe of induced^ 
eledricity, we fhall conclude our explanation of Mr 

iEpinus’s Tfleoyy .of pledric AttfaClipn and Rnpullion. 
The reader will recolleA, that we began the confide- 

i ration of the difpofition of the^ledrio fluid in bodies,. 

in order to deduce fuch legitimate confequeiices of the 
hypothetical law of adion as v/e cpuld compare with 
the phenomena. f 

Thefe comparifons are abundantly fupplied by the Method ‘of 
preceding paragraphs, particulaily by 74? 75j 76 ; exam ini ng 
by n°-1.30, aod by n° 134. ’the validity. 

Let a fmooth metal fphere be eledrified pofitivelyof this tha~ 
in any manner whatever, and then touch it with a fmall^ 
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one in its natural (late. The redundant fluid is divided 
between them in a proportion which the theory deter¬ 
mines with accuracy. By the theory alfo the redun¬ 
dant fluid in both a&s as if collected in the centre. 
Therefore the proportion of the repulfions is determi¬ 
ned. Thefe can be examined by our eleCtrometer. 

But as this menfuration may be faid to depend on the 
truth of the theory, we may examine this independent 
of it. Let the balls be equal. Then the redundant 
fluid is divided equally between the bodies, whatever be 
the law of aCtion. Therefore obferve the eleCtrometer, 
as it is affeCted by the eleCtrified body, both before and 
after the communication. This will give the pofitions 
of the eleCtrometer which correfpond to the quantities 

2 and i. 
Take off the eleCtricity of one of the balls by touch¬ 

ing it, and then touch the other ball with it. This 
will reduce to i the original quantity |, and therefore 

to ^tli of the original quantity. This will determine 
the value of another pofition of the eleCtrometer. In 
like manner, we obtain ^th, Tyth, &c* See. Then, by 
touching a ball containing t with a ball containing L 
we get a pofltion for j, &c. Proceeding in this 
way, we graduate our eleCtrometer independently of all 

theory, and can now examine the electricity of bodies 
with confidence. The writer of this article took this 
method of examii ing his electrometer, not having then 

feen Mr Cavendifh’s differtation, which gives another 
mode of meafurement. He had the fatisfaCtion of ob- 

ferving, in the fil'd place, that the pofitions of the in- 
ftrument, which unqueftionably indicated in',p &c. 
were precifely thofe which (hould indicate them if elec¬ 
tric reputfion be inversely as the fquares of the difiances. 
Having thus examined the electrometer, it was eaiy to 

give to balls any propofed degree of eleCtricity, and 
then make a communication between balls of very dif¬ 

ferent diameters. The electrometer informed us when 
the repeated abfiraCtions by a fmall ball reduced the 
eleCtricity of a large ball to I, -J, Sec. This (hewed 

the proportion of eleCtricity contained in balls of dif¬ 
ferent diameters. This was alfo found to be fuch as 
refulted from an aCtion in the inveife duplicate ratio of 

the diftances. 
Long after this, Mr Cavendifh’s inveftigation point¬ 

ed out the proportion of the redundant eleCtric fluid in 
balls of different fizes joined by long wires ; in 130, 
Sec. thefe were examined—and found to be fuch as were 
fo indicated by the eleCtrometer. 

And, lafily, the mode of accumulating great quanti¬ 

ties of fluid by means of parallel plates, gave a third 
way of confronting the hypothetical law with experi¬ 
ment. The argument was no lefs fatisfa&ory in this 

cafe ; but the examination required attention to parti¬ 
culars not yet mentioned, which made the proportions 
between the fluid in HK and AB (fig 27.) widely dif¬ 
ferent from thofe mentioned in the preceding para¬ 

graphs. Thefe circumftances are among the moll curi¬ 
ous and important in the whole fiudy, and will be con- 
fidered in their place. 

145 We refi therefore with confidence on the truth of 
Tbe \?w ofthe law of eleCtric aCtion, affumed by us as a principle 
electric ac- of explanation and inveftigation. It is quite needleis 
tion is weh and unprofitable to give any detail of the numerous 

' experiments in which we confronted it with the pheno¬ 

mena. The fcrupulous reader will get ample fatisfac- 
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tion from the excellent experiments of Mr Coulomb 
with his delicate eleClrometer. He will find them in the 

Memoirs of the Academy of Sciences of Paris for 1 784, 

1785, 1786, and 1787. Some of them are of the fame 
kind with thofe employed by the writer of this article ; 

others are of a different kind ; and many are direCled 
to another objeCt, extremely curious and important in 
this fludy, namely, to difeover how the eleCtric fluid is 
difpofed in bodies ; and a third fet are directed to an 

examination of the manner in which the electric fluid is 

diflipated along imperfeCt conductors. 
But we have already drawn this article to a great 

length, and mufl bring it to an end, by explaining fome 
very remarkable phenomena, namely, the operation of 

the Leyden phial, the operation of the eleCtrophorus, 

and the difiipation of eleCtricity by fharp points and by 

imperfeCt conductors. *4^ 
The obfervations of Mr Watfon on the neceflity 

connecting the rubber of an electrical machine with the ^ 

ground, might have fuggefted to philofophers the doc¬ 
trine of plus and minus eleCtricity, efpeeially after the 
valuable difeoveries of Mr Symmer and Cigna. A fe- v 

rious coniideration of thefe general facts would have 

led to the theory of coated glafs almoft at its firft ap¬ 
pearance. But the hifiorical faCt was otherwife; and a 
confiderable time elapfed betwen the firft experiments 

with charged glafs by Kit ill, and the clear and fatif- 
faCtory account given by Dr Franklin, of all the efl'en- 

. tial parts of the apparatus, and the probable procedure 
of nature in the phenomenon. The impermeability of 

glafs by the eleCtric fluid, and the confequent abftrac- 
tion of it from the one fide while it was accumulated 
on the other, fuggefted to his acute mind the leading 

principle of eleClrical philofophy ; namely, that all the 

phenomena arife from the redundancy or deficiency of 
ckCtric fluid, and that a certain quantity of it refides 
naturally in all bodies in a ftate of uniform diftribu- 
tion, and, in this ftate, produces no feniible effeCL 

This was, in his hands, the inlet to the whole fcieuct ; 
and the greatest part of what has been fince added is a 

more diftinCt explanation how the redundancy or defi¬ 
ciency of eleCtric fluid produces the obferved pheno¬ 
mena. Dr Franklin deduced this leading principle 

from obferving, that as faft as one fide of a glafs plate 
was eleCtrified politively, the other fide appeared nega¬ 

tive, and that, urilefs the eleCtricity of that fide was 
communicated to other bodies, the other fide could be 

no farther eleCtrified. Having formed this opinion, the 

old obfervations of Watfon, Symmer, and Cigna, were 
explained at once, and the explanation of the Leyden 

phial would have come in courfe. It is for thefe rea- 
fons, as much as tor the important difeovery of the 
famenefs of eleCtricity and of thunder, that Dr Frank¬ 

lin (lands fo high in the rank of philofophers, and is 
juflly confidered as the author of this department of 
natural Lienee. Whatever credit may be due to the 

chemical fpeculations of De Luc, Wileke, Winkler, 

and many others, who have attempted to affociate elec¬ 
tricity with other operations of nature, by refolving the 

eleCtric fluid into its conftituent parts, all their expla¬ 
nations prefuppofe a mathematical and mechanical doc¬ 
trine concerning the mode of aCtion of the ingredients, 

which will either account for the total inactivity of the 
compound, or which will explain, in the very fame 

manner, the aCtion of the compound itfelf; yet all feem 
to 
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to content themfelves with a vague and indiftind no¬ 
tion of this preliminary ftep, and have allowed them- 
felves to fpeak of eledrical atmofpheres, and fpheres of 
adivity, and fuch other creatures of the mind, without 
once taking the trouble of confidering whether thofe 

affumptions afforded any real explanation. How dif¬ 
ferent was Newton’s condud. When he difcovered 

that the planets attradcd each other in the inverfe du¬ 
plicate ratio of the diftanccs, and that terreflrial gravity 

was an in fiance of the fame force, and that therefore 
the defledion of the earth was the effed of the accu¬ 
mulated weight of all its parts ; he did not rafhly affirm 
this of the planets, till he examined what would be the 

efled of the accumulated attradion in the abovemen- 
tioned proportion. 

Mr JEpinus has the honour of fir ft treading in the 
fleps of our illuftrious countryman ; and he has done 
it with lingular fuccefs in the explanation of the phe¬ 

nomena of attradion and repullion, as we have already 
feen. . In no part of the ftudy has his fuccefs been fo 
confpicuous as in the explanation of the curious and 

important phenomena of the Leyden phial. It only re¬ 
mained for him to account for the accumulation of fuch 
a prodigious quantity of this agent as was competent 
to the produdion of effeds which feemed to exceed the 
fimilar effeds in other cafes, out of all proportion. In¬ 
deed, the difproportion is fo great, as to make them ap¬ 
pear to be of a different and incomparable nature. Dr 

YVilfon’s experiments in the pantheon are therefore pre¬ 
cious, by fhewing that nothing was wanted for the 
produdion of all the effeds of the Leyden phial but a 
lurface fufficiently extenfive for containing a vaft quan¬ 
tity of fluid, and fo perfedly condudirig as to admit 

of its funultaneous and rapid transference. Therefore 
we affert that one of the chief merits of Mr TEpinus’s 
theory is the fatisfadory explanation of the accumula¬ 
tion of this vaft quantity of fluid in a frnall fpace. We 

trull, therefore, that our readers will perufe it with 
pleafure. But we mull here obferve, that Mr iEpinus 
has not exprefsly done this in his work which we have 
already made fo much ufe of, nor in any other that 
we know of. He has gone no farther than to point 

out to the mathematicians, that his bypothefis is ade¬ 
quate to the accounting for any degree or accumulation 

whatever. This he does in that part of his work which 
contains the formula of n° 38, 39, 40, 41, &c. And 
lie afterwards fhews, that all the phenomena of attrac¬ 
tion and repullion which are obleryed in the charged 
jar are precifely fuch as are neceffary confeauences of 
his theory. 

It is to the Hon. Mr Cavendifn that we are indebt¬ 
ed for the fatisfadory, the complete (and we may call 

^cica d *^e. P°Pu^ar)' explanation of all the phenomena. 
Mr Caven- ^orm^ng' himfelf the fame notion of the mechanical 
dilh. properties of the eledric fluid with Mr IEpinus, he 

examined, with the patience, and much of the addrefs, 
of a Newton, the adion of fuch a fluid on the fluid a- 
ronnd it, and the fenlible effeds on the bodies in which 
it refided ; the difpolition of it in a confiderable variety 
of cafes; and particularly its adion on the fluid con¬ 
tained in Header canals and in parallel plates;—till he 
arrived at a fituation of things fimilar to the Leyden 
phial. And he then pointed, out the precife degree of 

accumulation that was attainable, on different fuppofi- 

iions concerning the law of eledric adion in general. 
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We have given an abftrad of this invefligation accom¬ 
modated to the inverfe duplicate ratio of the diftances. 

From this it appears (n° 135), that whatever quan¬ 
tity of eledric fluid we can put into a circular plate 

12 inches in diameter, by fimple communication with 
the prime condudor of an eledrical machine, we can ac¬ 

cumulate 60 times as much in it by bringing the plate 
within s\yth of an inch of another equal plate which 

communicates with the ground ; and it appears in n° 

139? that all this accumulated fluid may be transferred 
in an inftant to the other plate (which is fhewn to be 
almoft equally deprived of fluid), by coimeding the 
two plates by a fmall wire. 

But as it was alfo fhewn in that paragraph, that the 

force with which the accumulated, fluid was attradcd 
by the redundant matter in the other plate was exceed¬ 
ingly great, and confcquently its tendency to efcape 

was propoitionably increafed; this accumulation can¬ 

not be obtained unlefs we can prevent this fpontaneous 
transference. 

Here the non-conduding power of idio-eledrics, Tnexplica- 
without any diminution, the adion of the eledric fluid ble by ma- 

on fluid or matter on the other fide of them, comes to f.e*laI atmo* 
our aid, and we at once think of intcrpoflng a plate of ^ lcrcs* 
glafs, or wax, or rofin, or any other eledric, between 
our conduding plates. Such is the immediate fug- 

geftion of a perfon’s mind who entertains- the iEpinian 
notion of the eledric fluid ; and fuch, we are convin¬ 
ced, is the thought of all who imagine that they under¬ 

hand the phenomena of the Leyden phial. But thofe 
who attempt to explain eledric adion by means of 

what they call eledric atmofphere of variable denfity: 
or intenfity, are not intitled to make any fuch inference, 

nor to exped any fuch phenomena as the Leyden phial 
exhibits. Eledricity, they fay, ads by the interven¬ 
tion of atmofpheres : Therefore, whatever allows the 
propagation of this adion (conceive it in any manner 
whatever), allows the propagation of thefe agents ; and 

whatever docs not condud eledric adion, does not 

condud the agents.. Interpofed glafs fhould therefore 
prevent all adion on the other plate. This is true, 

even although it were poffible (which we'think it is 
not) to form a clear notion of the free paffage of this 
material atmofphere in an inftant, and this without 
any diminution of its quantity, and confequently of its. 

adion, by the difplacemcnt of fo much of it by the fo- 
lid matter of the body which it penetrates. Yet with¬ 

out this undiminifhed adion of the cledrified plate on 
the fluid, and on the matter, beyond the gjafs, and on 

the canal by which its fluid may be driven off into the 
general mafs - no fuch accumulation can take place;, 
and if the phenomena of the Leyden phial are agree¬ 
able to the refults of the iEpinian hypothefis, all ex¬ 
planation by atmofpheres muff be abandoned. Indeed 

when the partifans of the atmofpheres attempt to ex¬ 
plain their conceptions of them, they do not appear to 
differ from what are called fpheres of aSivity, (a phrafe 

firft ufed by Dr Gilbert of Colchefter, in his celebrated 

work De Magnete et Corporibus Magneticis): and fpheres 
of adivity will be found nothing more than a figurative 
expreffion of fome indiftind conception of adion in 
every direct on. When we ufe the words attradion and 

repulfton, we do not fpeak a whit more figuratively than 
when we ufe the general word adion. Thefe terms are 

all figurative; only attradion and repuljion have the ad¬ 

vantage. 
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vantage of fpecifying the dtreBwn in which we conceive 

the atlion to be exerted. 
It therefore becomes ftill more interefling to the phi- 

lofoplier to compare the phenomena of charged glass 

with thcjEpinian theory. They afford an experimentum 

151 cruets in the queftion about eledric atmofpheres. 
Phenorm- Q (fig. 28.) reprefent the end of a prime con- 
11a of char* duflor, furnifhed'with Henley's eledrometer. Let AB 

• explained, reprefent a round plate of tinfoil, palled on a pane of 
o-lafs which exceeds the tinfoil about two inches all 
round. The pane is fixed in a wooden foot, that it 
may Hand upright, and be lhifted to any diftance from 
the" condudor DF reprefents another plate of the 

■fame dimenfions as AB, in the centre of which is a 
wire EN, having a finall ball on the end N, to which 
is attached a Canton's eledrometer. Tins wire partes 
through the wooden ball O, fattened to the infulati'ng 
Hand P. The glafs pane mult be very clean, dry, and 

warm. Conned the condudor G with AB by 3 wire 
reaching to the centre C. Turn the cylinder of the 
dcdrical machine flowly, till the eledrometer rife to 

gc °or 40°, and note'the number of turns. Take off 
the eledricity ; and having taken away the conneding 
wire GC, turn the machine again till the eledrometer 
rife to the fame height. The difference in the number 
of turns will give fome notion of the expenditure of 
fluid neceffary for eledrifying the plate of tinfoil alone. 
This will be found to be very trifling when the eledri. 
city is in fo moderate a degree. It is proper, however, 
to keep to this moderate degree of eledrification, be- 

caufe when it is much higher, the diffipation from the 
edges of the plate is very great. Replace the wire, and 
again raife the eledrometer to 30°. Now bring forward 

the plate DF, keeping it duly oppofite and parallel to 
AB, and taking care not to touch it. It will produce 
no fenfible change on the pofition of the eledrometer 

till it come within four or three inches of the glafs pane; 
and even when we bring it much nearer (if a fpark do 
not fly from the glafs pane to DF), the eledrometer 

HG will fink but two or three degrees, and the eledro¬ 
meter at N will be little affeded. Now remove the 
plate DF again to the diftance of two or three feet, and 
attach to its ball N a bit of chain, or fiiver or gold 
thread, which will trail on the table. Again, raife the 
eledrometer to 30°, and bring DF gradually forward 
to AB. The eledrometer HG will gradually fall 
down, but will rife to its former height, if DF be with¬ 
drawn to its firft fituation. It is fcarcely neceffary to 
fhew the conformity of this to the theory contained 

in n° 134, 135, &c. As the plate DF approaches, 
the redundant fluid in AB ads on the fluid in DF, 
and drives it to the remote end of the wire EN, as was 
fhewn by the divergency of the balls at N; and then an 
accumulation begins in AB, and the eledrometer HG 
falls in the fame manner as if part of the fluid in the 
prime condudor were communicated to AB. When 
DF communicates with the ground, the eledrometer 
at N cannot fhew any eledricity, but much more fluid 
is now driven out of DF, in proportion as it is brought 
nearer to AB. Inftead of conneding AB immediate¬ 
ly with the prime condudor, let the wire GC have a 
plate at the end G, of the fame dimenfions as AB, ha¬ 
ving an eledrometer attached to the fide next to AB. 
Let this apparatus of two plates be eledrified anyhow, 
and note the divergency of the eledrometer at H, be¬ 

fore DF, communicating with the ground, ia brought 

near it, and then attend to the changes. We {hall find 
the divergency of this eledrometer correfpond with the 
diftance of DF very nearly as the theory requires. jyx 

While the plates AB and DF are near each other, State of the 
efpecially when DF communicates with the ground, if coatings, 

we hang a pith-ball between them by a filk thread, it 

will be ftrongly attraded by the plate which is neareft 

to it, tvhether DF or AB; and having touched it, it 
will be brifkly repelled, and attraded by the glafs pane, 

which will repel it after contad, to be again attraded 
and repelled by DF ; and thus bandied between the 
plates till all eledricity difappear iri both, the ele6tro- 

meter attached to H defending gradually all the 

while. 
As all thefe phenomena are more remarkable in pro- *53* 

portion as the plates are brought nearer, they are mofl: 

of all when DF is applied clofe to the glafs pane. And 
if, in this fituation, we take any accurate method for 
meafuring the intenfity of the eledricity in the plate 

HG, before the approach of DF, we fliall find the di¬ 
minution, occafioned by its coming into full contad 
with the pane, confiderably greater than what is point¬ 

ed out in nQ 135. When we employed plates of 12 
inches diameter, parted on a pane one fortieth of an inch 

in thicknefs, we found the diminution not lefs than 
199 parts of 2CO ; and we found that it required at 
leaft 200 times the revolution, of the cylinder to raife 
the eledrometer to the fame height as before. This 
comparifon is not fufceptible of great accuracy, by rea- 
fon of many circumftances, which will occur to an elec¬ 

trician. But in all the trials we have made, we are cer¬ 
tain that the accumulation greatly exceeded that point¬ 
ed out by the iEpinian theory as improved by Mr Ca- 
vendifli. And we mufl here obferve, that we found 

this fuperiority more remarkable in fome kinds of glafs 
than others, and more remarkable in fome other idio- 
eledrics. We think that, in general, it was mod re¬ 

markable in the coarfe kinds of glafs, provided they 
were uniformly tranfparent. We found it mofl re¬ 
markable in fome common glafs which had exfoliated 
greatly by the weather ; but we alfo found that fuch 
glaffes were very apt to be burft by the charge. The 
hardert and belt London crown-glafs feemed to accu¬ 
mulate lefs than any other; and a coloured glafs, which 

when viewed by refledion feemed quite opake, but 
appeared brown by traufmitted light, admitted an ac¬ 
cumulation greatly exceeding all that we have tried ; 

but it could not be charged much higher without the 
certainty of being burft. This diverfity in the accumu¬ 

lation, which may be made in different kinds of glafs, 
hinders us from comparing the abfolute accumulations 
afiigned by the theory with thofe which experiment 
gives Us. But though we cannot make this comparifon, 
we can make others which are equally fatisfadory. We 

can difeover what proportion there is between the accu¬ 
mulation in glafs of the fame kind, as it may differ in 
thicknefs and in extent of furface. Ufing mirror glafs, 
which is of uniform and meafurable thicknefs, and very 
flat plates, which come into accurate or equable con¬ 
tad—we found that the accumulation is inverfely as the 

thicknefs of the plates ; but with this exception, that 
when two plates were ufed inftead of a plate of double 
thicknefs, the diminution by the increafe of thicknefs 

was not nearly in the proportion of this increafe. In¬ 
ftead 



154 
Strong It 
tra&ion be 
tween 
them. 

Mcharge 
how it is 

sffe&ed. 

ELECT 
/lead of being reduced to one half, it was more than 
two-thirds; and in the kind called Dutch plate, the di¬ 
minution was inconfiderable. 

The experiments with the Dutch and other double 
-plates, fuggefted another inllrudive and pretty experi¬ 

ment. Observing thefe plates to cohere with conlider- 
able force, it was thought worth while to meafurc it; 
which was attempted in this manner : Two very flat 
brafs plates A B, DF (fig. 29.) furniflied with wires 
and balls, weie fufpenfted, about three inches afunder, 
by filk threads, as reprefented in the figure. At G 
was attached a very fine filver wire, which hung very 
loofe between it and the prime condu&or, without co¬ 
ming near the table. Another was attached to N, 
which touched the table. A plate of mirror glafs was 
fet between them, as fhewn by QJR.. When this appa¬ 
ratus was eledlrified, the threads of fufpenfion imme¬ 
diately began to deviate from the perpendicular, and 
the plates to approach the glafs pane and each other. 
Tiie pane was carefully fhifted, fo as to be kept in the 
exad middle between them. This refult fhewed very 
plainly the preiTure^ol the fluid on one of the plates, 
and the mutual attradlion of the redundant matter and 
redundant fluid. This increased as the accumulation 
increaled ; and it was attempted to compare the at¬ 
traction with the accumulation, by comparing the devi¬ 
ation of the fufpending threads with that of the electro¬ 
meter attached to the prime conductor ; but vve could 
not leconcile the feries (which, however, was extremely 
regular) with the law of electric action. This harmo¬ 
ny was probably disturbed by the force employed in 
raifing the filver wires. When more flexible filver threads 
weie ufed, much was loft by difhpation from the rough- 
nefs of the thread. We did not think of employing a 
line flaxen thread moiftened : but, indeed, an agree¬ 
ment was hardly to be expected; becaufe theory teaches 
us, that the distribution of the redundant fluid in AB 
will be extremely different from the diftribution of the 
redundant matter in DF, till the plates come very near 
each other, 1 he accumulation in AB depends greatly 
on the law of diftribution, being lefs (with any degree 
of redundancy) when the fluid is denfer near the centre 
of the plate. Other circumftances concurred to difturb 
tins trial; but the theory was abundantly confirmed by 
the experiment, which fhewed the ftrong attraction ari- 
fing from the accumulation. This was fo great, that al¬ 
though the plates were only three inches in diameter, and 
the glafs pane was yT of an inch thick, and the threads 
deviated about 18 degrees from the perpendicular_it 
required above an ounce weight, hung on the wire EN, 
to feparate the plates from the glafs. 

The experienced ekarician need not be told, that by 
bringing the two ends of a bent wire in contaa with 
the two plates (lirft touching DF with it) difeharges 
the apparatus, and caufes the plates to drop off from 
the pane. But he may farther obferve, that if there 
be attached to each end of the difeharging wire a 
downy feather, and if he firft bring the end near the plate 
DF, and obferve the feather to be not at all, or but a 
very little, affe&ed, and if he then bend round the other 
end toward the plate AB, both feathers will immediate¬ 
ly ftretch out their fibres to the plates, and cling faft to 
them, long before the difeharging fpark is feen. This 
is a fme proof of the procefs of difeharge, which be- 
gins by the induction of ele&ricifv on the ends of the 

Supfl. Vol. I. Part IT. 

593 
R I CITY, 

difeharging wire ; firft, negative elc&ricity on the end 
tliat approaches A, and, in the fame inftant, oppofite 
eiecliicities at D and the adjoining end of the wire. j ^ 

T,he foHow,'«S obfervation of Profeftbr Richmann of Beautiful 
1 ^ cteiiburgh (the gentleman who fell a lacrifice to inftiuc- 

eleckical ftudies by a thunder ftrolce from his appara-tive exPeri* 
tus) is extremely i.iftructive and anudirg. Ln a glafs p/J£.£y 
pane be coated on both lides, and furntfiml with a (mail Richmann. 
electrometer attached to the coatings. It is represent¬ 
ed as if feen edgewife in fig. 3- Let it be chained po- 

V-1 y.vthat 1S’ by redundjnc>r) by the coating AB, 
while DF communicates with the ground. The elec¬ 
trometer A a will fhnd out from the plate, and D d 
will hang down dole by its coating, as lon-.r as DF 
communicates with the ground. But as the deArici'ty 
gradually diffipates by communication to the couim- 
our air, the ball a will gradually, but very (lowly, fall 
down. We may judge of the intenfity of the remain¬ 
ing electricity by the deviation of the electrometer, and 
we may conceive this deviation divided into decrees, 
indicating not angles, but intenfitfes, which we°con¬ 
ceive as proportional to the redundancy or deficiency 
which occafion them. 

If vve take away the communication with the ground, 
vve fhall obferve the hall a fall down very fpeedilv, and 
then more (lowly, till it reach about half of its firft ele- 
vation. 1 he ball d will at the fame time rife to nearly 
t le fame height ; the angle between the two electrome¬ 
ters continuing nearly the fame as at firft. When d has 
ceaied to rife, both balls will very fiowly defeend, till 
the charge is loft by diflipation. If we touch DF du¬ 
ring this defeent, d will immediately fall down, and a 

1 a? A'"1"" 5' nfc nearI>r as rauch ! the angle between 
tne electrometers continuing nearly the fame. Re¬ 
move the finger from DF, and a will fall, and cl will 
nle, to nearly their former places ; and the flow de- 
tcent of both will again continue. The fame thin- 
will happen if we touch AB ; a will fall down clofe to 
the plate, and d will rife, &c. And this alternate 
touching of the coatings may be repeated fome hun¬ 
dreds of times before the plate be. difeharged. If we 
impend a crooked wire v m u, having two pith bails t> 
and u from an mlulated point m above the phte, it will 
vibrate with great rapidity, the bails linking the coat¬ 
ings alternately ; and thus reftoring the equilibrium by 
lteps. Lack itroke is accompanied by a (park 

.1 tllefe Phenomena are not only conferences ofTheory of 
the theory, but their meafures agree precifely with the it. 
computations deduced from the formulae in n° 22 22 
24, accommodated to the cafe by means ofn»ru and 
130, as we have verified by repeated trials. But it 
would occupy much room to trace the agreement here, 
and would fatigue fuch readers as are not familiarly 
converfant with fluxionary calculations. The inquifi. 
tive reader will get full convi&ion by perufing Epinus’s 
Lflaj, Appendix 1. A very diftindt notion may be 
conceived of the whole procefs, by fuppofing that in a 
minute AB !ofes T%th of the unbalanced redundancy 
adiially in it, and confequently diminifhes as much in 
its action. It will be proved afterwards, that the diffi 
pations m equal times are really in proportion to the 
fuperhcial repulfions then exerted. .We may alfo fop. 
pofe, that the adlion of the redundant fluid, or redun¬ 
dant matter, in either coating, on the external fluid con¬ 
tiguous to it, is to its adlion on the fluid contiguous to 

4 F the 
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the other coating in the conftant proportion of in to 
9. We ftleft this proportion for the fimplicity of the 
computation. Then the difference of thefe actions is 

always Tl^th of the full a&ion on the fluid contiguous 
to it. This is alfo an exadt fuppofition in fome parti¬ 
cular cafe, depending on the breadth of the coating 

and the thicknefs of the pane. 
Now, let the primitive unbalanced repulfion between 

AB and the contiguous fluid of the eleCtrometer be 100, 
while DF communicates with ,the ground. The ball a 

will Hand at 100; the ball d will hang touching DF. 
Then a, by lofing Tyh, retains only 90, and would 
fink to 90°: But as this deftroys the equilibrium on 

the other fide, fluid will enter into DF, fo as to reduce 
the deficiency ^th. Therefore nine degrees of fluid 
will enter ; and its a&ion on a will be the fame as if 
T9^ths of 9, or 8,1 had been reltored to AB. There¬ 

fore a will rife from 90 to 98,1 ; or it will fink in one 

minute from 100 to 98,1. 
But if we have cut off the communication of DF 

with the ground, this quantity of fluid cannot come into 

DF ; and the quantity which really comes into it from 
the air will be to that which efcapes from A as the at¬ 
traction on the fide of DFtto the repulfion on the fide 
of AB. By the diminution of the repulfion A>th, and 

the want of 9 degrees of fluid in DF to balance it, DF 
acquires an attraction for fluid which may be called 9. 
Therefore, flnee of the primitive repulfion of AB 

has diffipated 10 meafures of fluid in the minute, 

the attraction of DF wall caufe it to acquire to^1 
9, or 0,9, from the air in the fame minute. At the 
end of the minute, therefore, there remains an unba¬ 
lanced attraction for fluid = 8,1 ; and confequently an 
unbalanced repulfion between the redundant matter in 

DF, and that in the ball d. Therefore d will rife to 

8.1. But a cannot now be at 98,1 ; becaufe DF has 
not acquired 9-meafures of fluid, but only T9<jths of one 

meafure. Therefore a, inftead of rifmg from 90 to 

98.1, will only rife to 90 + -^ths X -r^ths ; that is, 

to 90,81. 
At the clofe of the minute, therefore, a is at 90,81, 

and d is at 8,1, and their diftance is 98,91. In the 
next minute, AB will lofe T^th of the remaining unba¬ 
lanced electricity of that fide, and DF will now acquire 
a greater proportion than before ; becaufe its former 
unbalanced attraction gets an addition equal to T^ths 

of the lofs of AB. This will make a larger compenfa- 
tion in the action on a, and a will not fall fo much as 
before. And becaufe in the fucceeding minutes the at¬ 

traction of DF for fluid is increafmg, and the repul- 
fion of AB is diminifhing, the compenfation in the ac¬ 

tion on a, by the increafed attraction of DF, conti¬ 
nues to increafe, and the defeerit of a grows continually 
flower ; confequently a time muff come, when the re- 
pullion of AB for fluid is to the attraction of DF for 
it, nearly in the proportion of 10 to 9. When this 
ffate obtains, d will rife no more ; becaufe the receipt 
of fluid by DF, being now T95tlis of the lofs by AB, 
it will exactly compenfate the additional attraction of 
DF for fluid, occasioned by that lofs. The next lofs 
by AB not being fo great, and th'e next receipt by 
DF continuing the fame, by reafon of its undiminifhed 
attraction, there will be a greater compenfation in the 
a&ion on a, which will prevent its defeending fo faff ; 

and there will be more than a compenfation for the ad¬ 

ditional attraction of DF for fluid : that is, the fluid 
which has now come into DF will render it, and alfo 

the ball d, lefs negative than before ; and therefore they 
will not repel fo ffrongly. Therefore d muff now de- 

feend. It is evident, that fimilar reafons will ftill fub- 
flft for the flow defeent of a, and the flower defeent of 
d, till all redundancy and deficiency are at an end. 

This maximum of the elevation of d happens when a 

has defeended about one half of its elevation ; that is, 
when the unbalanced repulfion of AB is reduced to 
about one-half. For if one-half of the unbalanced fluid 

be really taken out of AB, and if DF can get no fup- 
ply whatever, it muff acquire an attraction correfpond- 
ing to T9^ths of this ; and if the fupply by the air be 
nqw opened to it, things will go on in the way already 
deferibed, till all is difeharged. 

This account of the procefs is only an approxima¬ 
tion ; becaufe we have fuppofed the changes to happen 
in a defultory manner, as in the popular way of explain¬ 

ing the acceleration of gravity. The rife of d is not 
at an end till the attraction of DF for fluid is to the 
repulfion of AB as 19 to 20. 

But if we interrupt this progrefs in any period of it, 
by touching DF, we immediately render it neutral, 
and d falls quite down, in confequence of receiving a 
complete fupply of fluid. But this muff change the 
ffate of AB, and caufe it to rife ^ths of the defeent of 
d. As a and d were nearly at an equal height before 
DF was touched, it is plain that a will rife to nearly 
twice its prefent height ; after which, the fame feries 

of phenomena will be repeated as foon as the finger is 

removed from DF. 
If, inftead of touching DF, we touch AB, the fame 

things muff happen ; a muff fall down, and d muff rife 

to nearly twice its prefent height, and all will go on as 
before, after removing the finger. Laftly, if inftead of 

allowing either fide to touch the ground alternately, 
we only touch it with a J'mall infulated body, fuch as 

the wire with the balls v and u, the ball attached to 
the fide touched finks, till the electricity is fliared be¬ 
tween the coating and the wire with balls. The ball 
attached to the other coating rifes -|%ths of the finking 
of the firft ball. The crooked wire ball is now repel¬ 
led by the coating which it touched, and the other ball 
is brought near to the other coating, and muff be at¬ 

tracted by it, becaufe the electricities are oppofite. 
This operation evidently tends to transfer the redun¬ 

dant fluid by degrees to the fide where it is deficient. ♦ | 
It needs no explanation. We (hall only mention a thing 
which we have always obferved, without being able to 

account for it. The vibration of the wire acquires a 
certain rapidity, which continues for a long while, and 
fuddenly accelerates greatly, and immediately afterwards 
ceafes altogether. 

This pretty experiment of Profeffor Richmann wilL 
be found very inftruCtive.; and will enable us to under- 
ftand the operation of the eleCtrophorus, and to fee 
the great miftake of tliofe who fay that it is perfectly 
fimilar to a difeharged glafs plate. J ^ 

Thus, then, we fee, that all the clafles of phenome-Ele&ric ae 
na, connected with attraction and repulfion, are precife-tion<?<#/fa* 

ly fuch as would refult from the a&ion of a fluid ! 
conftituted. The complete undiminiffied adlion of the tra e 
caufe of thofe phenomena on the other fide of the inter- 

pofed non-condu6lor of that caufe is demonftrated, and 
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*1) explanation by the mechanical aftkrn of material 
elaftic atmofpheres of variable denfity mull be aban¬ 
doned,^ and the infinitely fimpkr explanation by the 

attractive and repulfive forces of the fluid itfelf mull 
be preferred. * 

So happily does the Frankliman theory of pofitive 
and negative deftricity explain the phenomena, when 
a fuitable notion is formed of the manner of a&ion of 

this fluid. We cannot but think that this is attained, 
when, to the general dodlrine of ./Epinus, we add the 
fpecification of the law of a&ion, fo fully verified by 

the experiments of Mr Coulomb, which are in the 
hands of the public, and are of that fimple nature that 

any careful experimenter can convince himfelf of their 
accuracy (Sec n° 144.) We may therefore proceed 
with fome confidence, and apply this docftrine even to 
cafes where experiment does not offer itfelf for proof. 

Franklin affirms that eleClric fluid cannot be 
miftaken in thrown into one fide of the coated pane unlefs it be 

thatfchar abftra<^ed from. tbe otber 5 and that therefore the char¬ 
ged plate ged glafs contains no more than it did before charging, 
contains its indeed find that we cannot charge the infide, if the 
natural outfide do not communicate with the ground. He 
quantity of proves it alfo by faying, that if a perfon, when iufula- 

ted, difcharges a glafs through his own body, he is not 
found ele£rified : And lie infers, as a necefiary confe- 
quence of this, that a feries of any number of jars may 

be charged by the fame turns of a machine, if we make 
the outfide of the firlt communicate with the infide of 
the fecond, and the outfide of the fecond with the in¬ 
fide of the third; and fo on ; and the outfide of the 

laft communicate with the ground. Having made the 
trial, and having found that more turns of the machine 

were necefiary, he attributes this to difiipation into the 
air by the communication. But our theory teaches us 
otherwife. We learn from it, that the redundant mat¬ 
ter in the plate DF is iefs than the redundant fluid in 
AB, in the proportion of n —— 1 to n\ and therefore 

the redundant fluid in the overcharged fide of the next 
plate is no greater. The charge or redundancy in the 
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mth jar of ithe feries will therefore be Thus, 

if «, or the charge of the firlt jar, be 60, the charge of 
the 10th jar will be nearly 51. Although a coated 

plate cannot be charged unlefs one of the coatings com¬ 

municate with the ground, it may be elearified as much 
as one of the coatings can be alone. And this is feen 
in our attempt to charge it: For as foon as we attempt 
to ek£rify one fide, the other is ekarified alfo ; for 

it gives a fpark which no unekarified body will do. 
Alfo, when we difeharge a jar by an infulated difehar- 
ger, we always leave it ekarical in the fame way with 
the body from which it was charged. If a man is not 

found elearified after having difeharged a jar through 
his own body, it is owing to the great fnrface of his 

body, which reduces the fimple ekarification of a fide 

i59 tb<: Jar to a very infignificant and infenfible quantity, 
of Wilcke (and we believe Franklin before him) main, 

ilcke’s. tains, that when the jar lias been charged, by conne£> 

mg one fide with the prime conduaor, and the other 
with the rubber, it is neutral and inaaive on both Tides. 
But this is not fo ; and a flight rtfle&ion might have 
convinced them that it cannot be fo : if it were, the 

jar could not be difeharged. Each fide, while con- 
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ne£ed with the machine, inuft be in the condition of 
the part with which it is conneaed, and in a difpofition 
to take or give. If the trial be carefully made,' it will 
be found to be equally aftive on both fides; and the dif- 
charging rod, having down on its ends, will (hew this 

in an unequivocal manner, and fhew that its condition 
differs in this refpea from that of a jar charged in the 

ordinary way. It is in the maximum (late of Richmann’s 
plate, described in n° 156. when d rifes no more. - 

In difeharging a jar A, if inflead of the outfide com- Char^e°onc 
municating with the infide by a wire, we make it com-j°r by die 

municate with the infide of a fecond jar B, while thed,TcharS* 
outfide of B is made to communicate with the infide of°fanother. 

A, we fhall find be charged by the difeharge of A ; 
and that the difeharge of A is not complete, the charge 

2* always remaining, whatever may have been the mag¬ 
nitude of n, * 

We may infer from this experiment, that when a Important 
lhock is given to a number of perfons a, l, c. See. we inference, 
are not to conclude, that the fluid which comes into 
the deficient fide of the jar is the fame which came out 
of the redundant fide. The whole, or perhaps only a 
part, of the moveable fluid in the perfon a goes into l, 

replacing as much as has pafied from l into c, See. In¬ 
deed, where the canal is a ilender wire, we may grant 

that great part of the individual particles of fluid which 
were accumulated on the infide of the jar have gone in¬ 

to the outfide. Perhaps the quantity transferred, even 
in what we call a -very great difeharge, may be but a 
fmall proportion of what naturally belongs to a body. 

Phis may he the reafon why a charge will not melt 

more than a certain length of wire. Mr Cavendifh 

afcribes this to the greater obftrnftion in a longer wire ; 
but this does not appear fo probable. A greater ob- 
ftruclion would occafion a longer delay of the tranf- 
ference ; and therefore the a&ion of the fume quantity 
would be longer continued. He proves, that a metal 
wire conduds many hundred times falter than water ; 
yet, when water is diffipated by a difeharge, it is found 
to have actually conducted a much greater proportion of 

the whole charge. We aferibe it chiefly to this, that, 
in a fliort wire, the quantity transferred exceeds the 
whole quantity belonging to the wire. 

It is furely needlefs to prove that the theory of the Leyden 

Leyden phial is the fame with that of the coated pane.P*1*** *‘*ce 
The only difference is, that we are not fo able to tell 3 coate,i 
the difpofition of the accumulated fluid, and the evadm-1*"'' 
ted matter, in every figure. When the phial is of a 
globular form, and of uniform thicknefs, with an ex¬ 
ceedingly fmall neck, we then knew the difpofition 
more accurately than in a plate. The redundant fluid 
is then uniformly diilributed. If we could infurc the 

uniformity of thicknefs, fuch a phial would be an ex¬ 
cellent unit for meafuring all other charges by ; but 
we can neither infure this (by the manner of working 

glafs), nor meafure its want of uniformity : whereas 
we can have mirror plate made of precifely equal thick¬ 
nefs, and meafure it. This, therefore mull be taken as 
our unit. 

And here we remark that this gives us the moft Excd& 
peikdt of all methods for comparing our theory with method for 

experiment. We muft take two plates, of the fame verIf>‘in£ 

glafs and the fame thicknefs, but of different dimen-thc the°ry* 
lions of coated furface. We muft charge both by very 

long conducing wires on both fides, and then meafure 

4 ^ 2 how 
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how often the charge of the one is contained in the 
other. Mr Cavendifh has given an unexceptionable me¬ 

thod of doing this independent of all theory. As it 

applies equally to jars, however irregular, we fhall take 

it altogether. 
Meafureof When a jar is charged, obferve the eledromcter con- 
a charge, neded with it, and immediately communicate the charge 

to another equal jar (the perfed equality being previ- 

oufly ascertained by the methods, which will appear 
immediately). Again note the eledrometer. This will 
give the elevation, which indicates one-half, independent 
of all theory. Now eledrify a jar, or a row of equal 

jars, to the fame degree with the firft, and communi¬ 
cate the charge to a coated mirror plate, difcharging 
the plate after each communication, till the eledrometer 

reaches the degree which indicates one-half. This (hews 
how often the charge of the plate is contained in that 
of the jar or row of jars. 

JLet the charge of the plate be to that of the jars as 
.v to i. Then, by each communication, the eledricity 

is diminifhed in the proportion of i -+• sc to i. If m 

communications have been made, it will be reduced in 

the proportion of 1 + to l Therefore i -f- xm 

zz 2, and i + x = mV 2, and x ~ 'V 2 — 1. 

When x is fmall in proportion to 1, we fhall be very 
near the truth, by multiplying the number of communi¬ 

cations by 1,444, and fnbtrading 0,5 from the pro- 

dud. The remainder fhews how often the charge of 

the plate is contained in that of the jars, or 

Thus may the perfed equality of two jars be afeer- 
tained ; and the one which exceeds, on trial, may be 
redueed to equality by cutting off a little of the coat¬ 
ing. An eledrician fhould have a pair of fmall jars or 
phials fo adjlifted. It will ferve to difeover in a mi¬ 
nute or two the mark of one-half eledricity for any 
eledrometer, and for any degree ; as alfo for meafuring 
jars, batteries, fhocks, Scc. much more accurately than 

any other method : becaufe fuch phials, conftruded as 
we fhall deferibe immediately, may be made fo neutral, 
and fo retentive, that the quantity which diflipates du¬ 

ring the handling becomes quite infignificant in propor¬ 
tion to the quantity remaining ; whereas, in all experi¬ 

ments with electrometers, conftructed with the moll cu¬ 
rious attention, the diflipations are great in proportion 
to the whole, and are capricious. 

164, It was chiefly by this method that the writer of this 
article, having read Mr Cavendifh’s paper, compared 

the meafures given by experiment with thofe which re- 
fult from an adion in the inverfe duplicate ratio of the 
diftance. When the charges were moderate, the coin¬ 
cidence was perfed ; when the chaiges were great, the 
large plates contained a little more. This is plainly 

owing to their being lefs difpofed to difiipatc from the 

,65 edges- 
Maxims for < We may now follow_with fome confidence the prac- 
conftnid- tical maxims deducible from the theory for the con- 

baaeries ^'ru<^1*.on accumulating apparatus. The theory 
&c. ? preferibes a very conduding coating, in clofe and unin¬ 

terrupted contad : It preferibes an extenfive furface, 
and a thin plate of idiu-eledric fubftanee. According¬ 
ly all tnefe are in fad attended by a more powerful ef- 
icd. Metal is found to be far preferable to water, 

which was firft employed, having been fuggefled by the 
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original experiments of Gray, Klcifl, and C uuseus. A 

continuous plating is preferibed, in preference to fome 
methods commonly practifed ; fuch as filling the jar 

with brafs dull, or gold leaf, or covering its furface 
with filings ftuck on with gum water, or coating the 
infide with an amalgam of mercury and tin. This laft 
appears, by reflection from the outfide, to give a very 
continuous coating ; but if we hold the jar between 

the eye and the light, we may perceive that it is only 

like the covering with a cobweb. Yet there are cafes 
where thefe imperfed coatings only are pradicable, 

and fome rare ones where they are preferable. In the Hint for 
medical exhibition of eledricity, where the purpofe in- medical ex. j 

tended is fuppofed to require the transfufion of a great 
quantity of the eledric fluid, any thing that can dimi- " '* 

nifh the irritating fmartnefs of the fpark is dcfirable. 
This is greatly efftded by thofe imperfed coatings. 
Small fhocks, which convey the fame quantity of fluid 
with‘the fharp pungent and alarming fpark from a large 

furface, are quite foft and inoffeniive, greatly refem- 
bling the fpafmodic quivering, fometimes felt in the lip 
or eye-lid, and will not alarm the mofl fearful patient. 1(>(> 

Clofe contad of the metallic coating is obferved to How to 
increafe the effed of the charge. But it is alfo found prevent the 

that it greatly increafes the rifle of burfting the glafs 
by fpontaneous difeharge through its fnbflance. AnJc^argCS> 
experienced eledrician (we think it is Mr Brookes of 
Norwich) fays, that fince he has employed paper co¬ 
vered with tinfoil, with the paper next the glafs, inftead 
of the foil itfelf, he has never had a jar burfl; whereas 

the accident had been very frequent before. The theo¬ 
ry” juftifies this obfervation. Paper is an imperfed con¬ 
ductor, even when foaked with flour pafle ; and the 
transfufion, though rapid, is not inftantaneous nor ae- 

fultory, but begins faintly, and fwells to a maximum. 

It operates on the glafs, like gradual warming, inftead 
of the hidden application of great heat. 1()y 

Mr Cuthbertfon, an excellent artifl in all eledrical ap-Very cuii- 
paratus, and inventor of the heft air-purnp, has made a ousobfer 

curious obfervation on this fubjed. He fays that lieCuthL 
has uniformly obferved, that jars take a much greaterbertfon. 
charge (nearly one-third), if the infide be conliderably 
damped, by blowing into it with a tube reaching to the 

bottom fNichoffon's* Journal, March 1*799).—We mu ft, 
acknowledge, that v/e can form no dillind conception 

of what Mr Cuthbertfon calls an undulation of the elajltc 
atmofphere. We do not know whether he means that 
the atmofphere is adually undulating as water, or 2S- 
air in the produdion of found, as its parts being in a re¬ 
ciprocating motion ; or whether he only means that 

this atmofphere confifts of quiefeent flrata, alternately 
denfer and rarer. Nor can we form^any notion now 

either of thefe undulations contributes to the explofior., 
or prevents it. We are really but very imperfedly ac¬ 
quainted with that part of the fcience which fhould de¬ 
termine the preeife accumulation that produces the de- ’ I 
fultory transference. We mentioned one neceffary con- 
fequence of the adion inverfely as the fqnare of the 

diftance, which has fome relation to this queftion, *01%. 
that a particle, making part of a fpherical furface, is 

twice as much repelled when'it lias juft quitted the fur- 
face, as when it made part of it, provided its place be 
immediately fupplied. And another circumftance has 
been frequently mentioned, viz. that a greater, and per¬ 
haps much greater, force is neceffary for enabling a 

particle 
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panicle of fluid to qtr’t ti e lad (cries of particles of the 
folid matter than for producing alniofl any condipation. 
But we are not certain that thcfe circumfiances are of 

fuffieient influence to explain the whole of the event. 
Valeani quantum valere pojjlnt. \ et we are of opinion 

that Mr Cuthhertfon has afiigned the truecaufe, name¬ 
ly, the imperfect coating of the infiae of the glafs. 
When we come to the explanation of the eicape of elecr 

tricity along imperfect condu&ors, we hope that it will 
appear, that the difpoiition to efcape mull be greatly 
diminifhed by a charge, which difpofes the fluid lo, 
that in no place the condipation is remarkably greater 

than in another part very near it, and the denlity chan- 

16S ges everywhere flowly. 
Bed forms With refpett to the form of the coated glafs, the 
for jars, &c. theory preferibes that which will occalion luch a diftri- 

bution of the eledlric fluid as fhall make its repulfion 
for the fluid in the canal which connects it with the 

prime conductor as little as poflible. In this refpetd 
it would feem that a plate is tlie bed, and a globe the 
word: but if both are very thin, the difference cannot 

be confiderable. Our experience, however, fears to in¬ 
dicate the oppofite maxim as the mofl proper. We 
have uniformly found a globe to be far preferable to a 
plate of the fame thicknefs, and that a plate was ge¬ 
nerally the weakeft form. It mud be owned that we 
have not yet been able to afeertain by the theory what 

is the exadl didribution of the redundant fluid in a 
plate. In a fphere it mud be uniformly fpread over 
the furface. We mud alfo aferibe part of the inferio¬ 
rity of the plate to its greater tendency to didipation 
from the edges. If a plate be coated in a dar-like 
form, with flender projecting points, we fhall obferve 

them luminous in the dark, aimed at the beginning of 
the accumulation ; and the plate will difeharge itfelf by 

ihefe points, over the uncoated part, before it has at- 
, tained any confiderable drength. Thofe forms are lead 

expofed to this deterioration which have the lead cir¬ 
cumference to the fame quantity of furface. We have 
always found that a fquare coating will not receive a 
more powerful charge without exploding than a circu¬ 

lar one of the fame breadth, although it contains a 

fourth more furface; and this although any viiible efcape 
from the angles be prevented by covering the outline 
with fealing wax. Of all forms, therefore, a globe, 
with a very narrow, but long neck, is the mod reten¬ 
tive. But it is very difficult to coat the infide of fuch a 
veffel. The balloons ufed in chemical diflillations make 
excellent jars, and can be ealily coated internally when 

the neck will admit the hand. The thinned of tinfoil 
may be ufed, by fird pading it on paper, and then ap¬ 
plying it either with the foil or the paper next the glafs. 
It (hould be cut into guflets, as in the covering of ter- 
redrial globes; and they fhould be put on overlapping 
about half an inch. The middle of the bottom is then 

coated with a circular piece. The great bottles for 
holding the mineral acids are alfo good jars, but inferior 
to the balloons, becaufe they are very thick in the bot¬ 
tom, and for fome didance from it. A box of balloons 
contains more eftedlive furface than an equal box of jars 
of the fame diameter and height of coating. 

Compendi- The mod compendious battery may be made in the 

battery, following manner: Choofe fome very flat and thin 
panes of the bed crown glafs, coat a circle (a If c d)> 

{fig. 31.) in the middle of both furfaces, fo as to leave 

a fufficient border uncoated- for preventing a fpontaTne- 
ous difeharge ; let each of them have a narrow flip of 
tinfoil a reaching from the coating to the edge on one 

fide, and a iimilar flip c leading to the oppofite edge on 
the oilier fide. Lay them on each other, fo that the 

flips of two adjoining plates may coincide. Connedt 

all the ends of thcfe flips on one fide together by a flip 
of the fame foil, or a wire which touches them all. 

Then, eonnedling one of thefe collecting flips with the 
prime conduClor, and the other with the ground, wc 
may charge and difeharge the whole together. If the 

panes be round, or cxaCl fqnares, we may employ as 
few of them together as we pleafe, by fetting the whole 

in an open frame, like an old-fafhioned plate-warmer ; 
and then turning the fet which we would employ to¬ 

gether at right angles to the red. This evidently de¬ 
taches the two parcels from each other. This battery 

may be varied in many ways; and if the whole is always 
to be employed together, we may make it extremely 

retentive, by covering the uncoated border of the plate 
with melted pitch, and, while it is foft, preifing down 

its neighbour on it till the metallic coatings touch. 

For greater variability this may be done in parcels of 
the whole. 

On the fame principle, a mod compendious battery Another, 
may be made by alternate layers of tinfoil and hard var- 
nifh, or by coating plates of very clear and dry Muf- 

covy glafs. But tliefe mud be ufed with caution, led 

they be burd by a fpontaneous difeharge ; in which 
cafe we cannot difeover where the flaw has happened. 

They make a furprifing accumulation, without (hewing 
any vivid electricity. 

We have made a very fine eledlric phial for carry-Portable 
ing about, by forming tin-plate (iron plate tinned) into jar. 
fomewnat of a phial fliape, with a long neck. We 

then covered this with a coating of fine fealing wax, 
about -^th of an inch thick, quite to the end of the 

neck, and coated the fealing wax, all but the neck, with 
tinfoil. It is plain that the fealing wax is the coated 

idio-eledric, and that the tin-plate phial ferves for an 
inner coating and wire. The diffipatiou is almod no¬ 

thing if the neck be very fmall ; and it oiilv requires a 
little caution to avoid burding by too high a charge. 

Even this may be prevented by coating the fealing wax 

fo near to the end of the neck, that a*fpontaneous dif¬ 
eharge mud happen before the accumulation is too 
great. 

It is well known that the difeharge happens when Importance 
the difeharging balls are at a confiderable didance from of a clofc 

each other ; therefore only as much is difeharged asdifchar&e- 
correfponds to that didanee. This is one canfc of the 
1 efidnuin of a difeharge which fometimes is pretty con- 
iiderahle. Some experiments require the very 111mod 
force of the charge. It is therefore proper to make the 
difeharge as clofe and abrupt as poflible. But the mod 

rapid approach that we can make of the difeharger is 
nothing in comparifon with the velocity with which the 

fluid fee ms to fly off, and will therefore have but fmall 

influence in making a more iridantaneous and complete 
difeharge. Theory points out the following method : 
Let a very thick plate of glafs (half an inch), of feveral 

inches diameter, be put between the difeharging balls, 

which fhould, in this cafe, be fmall, and let thefe balls 
be drongly preffed againd it by a fpring. While the 

charge is going on, a very fmall part of the glafs plate, 

round 



598 ELECTRICITY. 

173 
Lateral ex< 
plofion. 

*74 
Propofol 
for di (co¬ 
vering 
*vhkft is 
redundant 
eledr;city. 

round the points of contaCl* will receive a weak and 
ufelefs charge ; but this will not hinder the battery 
from acquiring the fame intenfity of charge. When this 
is completed, let the intervening glafs plate be brifl<ly 
withdrawn. The difeharge will begin with an intenfi¬ 

ty which is unattainable in the ordinary manner of pro¬ 

ceeding. 
Much has been faid of the lateral explofion. It ap¬ 

pears, that in fome of the prodigious transferences of 

ele&ricity that have taken place in the difeharge of great 
furfaces through wires barely fufiicient to condu& them, 
flafhes of light, are thrown off laterally; but the moft de¬ 
licate electrometer, it is faid, is not affeCted. The fa£t 

is not accurately narrated we have always obferved a 
very delicate ele&rometer to be affe&ed. The paflage 
of fuch a quantity of fluid is almoft equivalent to the 

co exiflence of it in any given feCtion of the wire ; but 
it remains there for fo fhort a time, that, aCting as an 
accelerating force, it cannot produce a very fenlible mo¬ 
tion. It is like the difeharging a piftol ball through a 
fheet of paper hanging loofely. It goes through it with¬ 

out very fenfibly agitating it. 
It has fometimes appeared to us probable that, by 

means of this lateral explofion, the direftion of the cur¬ 

rent may be difeovered. Let the jar a b (fig. 32.) be 
difeharged by a wire a c d e h, interrupted at c d by the 
coating of a very thin plate of talc; let the coating alfo 

be very thin. There mull be fome obftru&ion to the 
motion, which muft caufe the fluid to prefs on the Tides 
or furfaces of the coating, juft as the obftru&ion to the 
motion of water in a pipe (arifing from friftion, or even 

from material obftacles in the pipe) caufes the water 
to prefs on the fides of the pipe. Therefore if a wire 
x e conned the other coating with the ground, we 
fhould expeCt that fluid will be expelled along this 
wire, and a charge be given to the plate of talc. Now 
whether the courfe in this apparatus be from b to a, or 

from a to b, if any charge be acquired by c d, it will 
probably be pofitive in c d, and negative in X(f; for it is* 
ele&ric fluid that is fuppofed to pafs: therefore we 

fhould always have one fpecies of ele&ricity, whether a 
has been charged by glafs or by fealing wax ; and this 
fpecies will indicate which is pofitive. We have faid 
44 probably”—for it is not impofiible that it may be 
otherwife. If the abftra&ion at d be fuppofed more 

powerful than the fupplying force at c, the fame ob- 
ftrudlion may perhaps keep the plate c d in an abforbing 

ftate, juft as water defending in a vertical pipe, into 
which it is prefled by a very fmall head of water in the 

ciftern, inftead of prefling the Tides of the pipe, rather 
draws them inwards, as is well known. This feems, at 
any rate, an interefting experiment ; for we muft ac¬ 
knowledge, that there ft ill hangs a myfterious curtain 
before a theory which deduces fo much from the pre¬ 
fence of a fubftance which we have never been able to 
exhibit alone, and where we do not know when it 
abounds and when it is deficient. It is like the phlo- 
gifton of Stahl, or the caloric of Lavoifier. It will 
be proper to ufe the thinneft plate of talc to be 
charged, and to conned! it with another coated plate 
of half the diameter, or lefs, in order to increafe 
the accumulation. It feems by no means a defperate 
cafe. 

Ihe theory of coated glafs now explained, might 

have been treated with more precifion, and the formulse 

deduced in the beginning of this article might have 
been employed for dating the fum total of the adling 

forces, and thus demonftrating with precifion the truth 
of the general refult; and indeed it was w ith fuch a 
view that they were premifed : but they would have 

been confiderably complicated in the prefent cafe ; for 
however thin we fuppofe the tinfoil coatings to be, it 
is evident from n 92, &c. that each coating will con- 
fift of three ftrata ; of which the two outermost arc 

a&ive, and muft have their forces dated, and the ftate- 
ment of the force of each ftratum would have confided 
of three terms. This would have been very embarrafling 

to fome readers ; and the force of the conolufion 'would 
not, after all, have been much more convincing than 

we hope the above more loofe and popular account ha* 
been. 

We have hitherto confidered the non-ele&ric coat* Does^thc 
ings only, and have not attended to what may chance charo-e re. 
to obtain in the fubftance of the coated ele&rics them-fide m the 
fdves. May not part, at leaft, of the redundant fluid coatings or 

be lodged in one fuperficial ftratum of the glafs? or, ifirj^h^ 

it do not penetrate it, may it not adhere to the furface,g 3 S* 
and drive off from the other furface, or ftratum, a part 
of what naturally adheres to it ? Till Dr Franklin’s 

notions on the fubjeCl became prevalent, no perfon 
doubted this. The ele&ric was fuppofed to contain or 
to accumulate in its furface all the ele&ricity that wc 

know. But the firft fuggeftion of Dr Franklin’s ex¬ 
periments certainly was, that the ele&ric plate or veffel 
adled merely as an obftacle, preventing the fluid from 
flying from the body where it was redundant to that 

where it was deficient. It is therefore an important 
queftion in the fcience, whether the glafs or ele&ric. 

concerned in thefe phenomena ferve any other purpofe 
befides the mere prevention of the redundant fluid from 
flying to the negative plate ? 

Now it appears, at the very firft, that this is the cafe. lt 

For if a glafs be coated only on one fide, and be elec-glafs. 

trifled on that fide, we obtain a ftrong fpark from the 
other fide by bringing the knuckle near it: and this 
may be obtained for iome time from one fpot of that 
furface; and after this we get no more from that fpot, 
but get fparks, with the fame vivacity, and in the fame 
number, from any other fpot that is oppolite to the 
coating on the other fide. In this manner we can ob¬ 

tain a fuccefiion of fparks from every inch of furface 
oppofite to the coating, and from no other part. But 

what puts this queftion beyond all doubt is, that if we 

now lay a metal coating on the furface from which the 
fparks have been drawn in this manner, and make a 

communication between the two metallic coatings, by 
means of a bent wire, we obtain a perfect difeharge. 

To complete the proof, we need only obferve that this 

experiment fncceeds whether the glafs has been electri¬ 
fied by excited glafs or by excited fealing-wax. There¬ 
fore the coated furface may receive the eleClric fluid 
by the coating, as we fee plainly that it is abftracftedby 
the coating. The ufe of the coatings may be nothing 
more than to a<ft as condu&ors to every part of the 
furface of the ele&ric. None of thefe thoughts efcaped 
the penetrating and fagacious mind of Dr Franklin. 

He immediately put it to the teft of experiment ; and, 
laying a moveable metallic coating on both Surfaces, he 

found the glafs charge perfeClly well. He lifted off 

the coatings; which operation was accompanied by 
flafhes 



flafhes of'light between the metallic coverings and the 
glafs from which he feparated them. Having removed 
the Coatings, he applied others, completed the circle, 

and obtained a perfect difeharge, not diftinguifhable 

from what he would have obtained from the firft coat- 
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Charged Thus it was demonflrated, that the glafs plate ftfelf 
glafs ac- acquired by charging a redundant ftratum on one fide, 

dunclanr and a deficient ftratum on the other fide ; and we now 
anddefici- fee, at once, the reafon why the accumulation turns out 
ent ft rat a. greater than what is determined by the theory. The 

diftance between the redundant and deficient flratum is 

*7*. 

lefs than the thicknefs of the glafs ; and this, perhaps, 
is an unknown proportion. 

This precious experiment of Dr Franklin was repeat¬ 
ed by every ele&rician, and varied in a thoufand ways. 
No philofoplier has carried this refearch farther than 
Beccaria ; and he has given ground for a moft impor¬ 
tant difeovery in the mechanical theory, namely, that 

the charged glafs has feveral flrata, of inconceivable 

thmnefs, alternately redundant and deficient in electric 
fluid ; and that by continuing the ele&rification, thefe 

flrata penetrate deeper into the glafs, and probably in- 
creafe in number. We have not room here to give even 

an account of his experiments, and mufl refer the phi- 
lofopbical and curious reader to that part of his valu¬ 

able Treatife where he treats of what he calls vindica- 
ting or recovering elefiricity ; as alfo to a paper by Mr 

Henly in Phil. Tranf. for 1766, giving account of ex¬ 
periments on Dutch plates by Mr Lane. The general 
form of the experiment is this. He puts two plates to¬ 
gether ; he coats the outer furfaces, and charges and 
difeharges them as one thick plate. Their inner touch* 
ing furfaces are found ftrongly ele&rical after the dif¬ 

eharge, having oppofite ele&ricities, and changing thefe 

ele&ricities., by repeated reparations and replacings, in 
a way feemingly very capricious at firft fight, but which 
the attentive reader will find to be according to fixed 

laws, and agreeably to the fuppofition that "the ftrata 
gradually fhift their places within the glafs, very much 

refembling what we obferve on a long glafs rod which 

we would render dearie by indu&ion. In this cafe, as 
was obferved in ^57. there are obferved more than 
one neutral point, See. 

Mr Cavendifh endeavours to give us fome notion of 
the difpofition of the fluid in the fubftance of the glafs 
in the following manner : Having feparated the coated 
plate from the machine and from the ground, fuppofe 
a little of the redundant fluid in 13 fi ^ D (fig. 33.) e- 

qual to the fluid wanting in E f ? F. if we now fuppofe 

all the redundant fluid to be lodged in If & * d, and e « <p f 
to hold all the redundant matter, and the two coatings 
to be in their natural ftate, a particle /, placed in the 

middle of the furface b d, will be nearly as much at¬ 
tracted by tef <? as it is repelled by b & f d (exactly fo 

if the plates were infinitely extended) ; and if the coat¬ 
ing be removed, keeping parallel and oppofite to the 
furface that it quits, there will be very little, if any, 
tendency to fly from the glafs to the coating; there 
will rather be fome difpofition in the fluid to quit the 
coating and fly to the glafs ; becaufe the repulfion of 

b(5i d is more diminifhed than the attraClion of e efv. 

(n°42.) But the difference will be very fmall indeed. 

(N. B. the refult would be very different if ele&ric ac¬ 

would be very much undercharged). Now the fad is, 
that when the coating is carefully removed, it is pof- 
feffed of very little eledricity, not more than may rea- 

fonably be fuppofed to run into it by bringing away 

one part before another. It is impoflible to keep it ma¬ 
thematically parallel. 

Hence we may conclude that the greateft part of 
the redundant fluid is lodged in the glafs if the plates 
be thin, and the redundant fluid bear but a fmall pro¬ 
portion to the natural quantity. Similar reafoning fhews 
that the greateft part of the deficiency is in the other 

fide of the glafs ; and that therefore the coatings are 
very nearly in their natural ftate, and merely ferve the 
purpofe of conduding. 

We have employed coatings of confiderable thick¬ 
nefs, having holes through them, oppofite to which was 
fome gold leaf of the heavieft fort, and almoft free of 

cracks.. We have examined the ftate of the bottom of 
thofe pits in Mr Coulomb’s manner, and always found 
them void of eledricity. ^ 

1 lius we learn that glafs, and probably all other e-Conjecture 

ledrics, acquire redundant and deficient ftrata as well asaboW the 
the moft perfed condudors, at the fame time that they burftmS oi 

may be impervious to the fluid; and we get fome mode^”* 
of conceiving how the rupture happens by a ftrong 

charge. This, may very probably happen when the 
ftrata have formed, in alternate order, fo deep in the 

glafs, that a ftratum, in which the fluid is crowded clofe 

together, may become contiguous to one deprived al¬ 
together-of fluid. We cannot, however, fay with con¬ 

fidence, what Jhould be the effed of this ftate of things ; 
or of one conftipated ftratum coming in con tad with 
another. 

This.view of the condition of charged glafs explains 
(we think) feveral phenomena which feem not well un- 
derftood by eledricians. 

The refiduum of a difeharge is frequently owing to Several 
a charge extending beyond the coating, where the ac-Pbenomena* 
tion is considerably irregular, or different from what itc*Plain*d- 
would be if the plates were infinitely extended. This 
outline charge is taken up by the coated part after a 
very little while, and may again be difeharged. But 
it alfo frequently arifejs from another ftratum (much 
thinner, as it will always be) than the exterior one, co¬ 

ming to the furface fome time after the firft difeharge, 
and being now in a condition fer being difeharged. It 

explains the fparkling that is perceived in fuccejjion be¬ 
tween the parts of ajar that is coated in fpots, during 
the charge, and the very fenfible refiduum of the charge 
of fuch a veffel. It explain's the phenomena of Bec- 

caria’s EleBricitas Vindex (fee Electricity, EnrycL 
n° 48.), and the great difference that may be found in 
the different kinds of glafs in this refped. It explains 
the great difference between the fenfation oecafioned by 

a fpark from a perfeftly conducting furface of confi¬ 
derable extent, and that oecafioned by a fhock, which 

conveys the fame quantity of fluid accumulated in a 
fmall furface of glafs. The difeharge of the firft is al¬ 

moft inftantaneous, while that of the la ft requires a 

fmall moment of time, and is therefore lefs defultory 
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and abrupt. The one Is pungent and (lartling; but 
the other is fofter in the iirft inllant, and fwells to a 
maximum. Therefore, in the medical employment of 

eledlricity, when the purpofe is to be affected by the 
transfufion of a great quantity of ele&ric fluid, we 

fliould recommend very fmall (hocks from a very large 
furface of coated glafs, very faintly cledrified, in place 
of Itrong fparks. Patients of irritable conilitutions are 
frequently alarmed by the quieknefs and pungency of 

ftrong fparks : but if the balls of Lane’s fliock-mea- 
fnrer^be fet fo clofe as to give four or five (hocks in 
each turn of a feveri inch cylinder, the (hocks are not 

even difagreeable. *1 he balls (hould be made of fine 
cupelled filver: in which cafe, the furface will never be 

hurt by the greateft difeharge ; whereas the difeharge 
of four fquare feet of coated glafs will raife fuch a rough- 

nefs on the furface of brafs as will caufe it to fputter, 
and deflroy entirely the regularity of the expenditure 
of fluid. The fame confutation (hould make us prefer 

a jar coated entirely with amalgam. This cob-web 
coating gives a greater foftnefs to the fhock. . Laflly, 
we fee why a powerful and permanent ele&ricity was 

not produced in the tube filled with melted fealmg wax, 

and treated as mentioned in n° joi. The redundancy 
and deficiency intended to be produced could only be 
fuperficial. And beeaufe the wax cooled by degrees 

from the furface to the axis, and the wax is a conduc¬ 

tor while liquid, it mull have taken a charge at lad ; 

and therefore mud appear hut faintly electrical. 
. This account of the date of charged glafs promifes 

us fome afliftance in our attempts to conceive what 
pafles in the excitation of gials by friction. It ap¬ 
pears from Beccaria’s experiments, that the redundant 

fluid is lodged in the fame manner in both cafes ; for 

bv rubbing one fide of a glais tumbler, while points 
were prefented to the oppofite furface, and were con¬ 

nected with a wire that communicated with the ground, 

iSz he gave it a powerful charge. # . 
The quan- It is obferved, that when the laminae of a piece of 
tity rf fluidMufC0Vy glafs are ieparated, by pulling them afunder 

without-inferting any ii.liniment between them, they 
are eleCtrical when feparated ; one being pofitive, and 
the other negative. Mud we not conclude from this, 
that when conjoined they were in the date of charged 
glafs ? If we take this view of it, a body m;y contain 
a prodigious quantity of eleClric fluid without exhibit¬ 
ing any appearance of it. Mr Nicholfon found, by a 
very fair computation from his experiments, that a cubic 

inch of talc, when fplit into plates of 0,011 of an inch 
in thicknefs, and coated with gold leaf, gave a .fhock 
equal to the emptying 45 conduCltirs, each (even inches 
in diameter and three feet long, ekClrilied fo that each 

gave a fpark at nine inches didance. Now, the whole 
of this was moveable fluid, and no more than what the 
talc contains when uneledrified : for no more comes in¬ 

to the pofitive fide than goes out of the negative fide. 
Nay, there is no probability that the quantity 'move- 
able in our experiments bears a‘eonliderable proportion 

to the natural quantity. The quantity of moveable 
fluid in a man’s body is therefore very great : and Lord 
Mahon is w'ell authorifed to fay, that the hidden dif- 
placing of this quantity in a returning Jlroke, which has 
been occafioned by a difeharge of a cloud in a very 
didant place, is fully adequate to the production of the 

mod violent effeCls. But his Lordfhip has not attend- 

in a body 
may be ex¬ 
ceeding 
great. 
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ed to the circumftance, that no fuch difplacement can 
happen. The accumulation that can be made in the 
human body is only fuperficial ; and therefore, alt ho’ 

the whole fluid of a man’s body may charge its place, 

it will not change it with the rapidity that feems ne- 
ceflary for the violent efltdls of electricity, except in 
the very points of communication wu’th the furrounding 

bodies. 
We have now feen in what fenfe the idio-ekdries 

may be faid to be impervious to the eleCtric fluid. It is 
moved in them only to very fmall and imperceptible 
didances. When a confiderable dratum is difeharged, 

the fluid does not come from the extremity of it to the 
point of difeharge through the glafs, but through the 
coating. And when alternate drata of redundant fluid 

and redundant matter are formed, the particles in each 

(hift their places very little, moving perpendicularly to 

the dratum. 
Even this degree of obftruClion lias been 

fome very active eleClrieians, who have multiplied 
periments to prove that the fluid pafles freely.through(lcn'.jd by 

glafs, and that the theory of coated eleClrics is totally fome. 
different from w hat Franklin imagines. Mr Lyons of 
Dover has publifhed a numerous lid of lingular experi¬ 

ments, which he has made with this view, with much 
trouble, and no fmall expence. They may all be re¬ 
duced to this : A wire is brought from the outfide of 
a phial, charged by the knob, and terminates in a (harp 
point at a fmall didance from a thin glafi; plate (it is 
commonly introduced into a glafs tube, having a bail 

at the end, and the point of the wire reaches to the 
centre of the ball) ; and another wire isconneCled w ith 

the difeharging red, and alfo comes very near (and fre¬ 

quently clofe) to the other fide of the glafs, oppofite 
to the pointed wire. With this apparatus lie obtains a 

difeharge ; and therefore fays that the glafs is perme¬ 
able to ekCfricity. But he does not narrate all the 
circumdanct^ of the experiment. We have repeated 

all of them that have any ieal difference* (for moil 
of them are the fame fa£t in different forms), and we 
have obtained difeharges : But they were all very in¬ 
complete, except when the glafs was perforated, which 
happened very frequently. The difeharge was never 

made with a full, bright, undivided fpark, and loud 
fnap ; but wfitlv fputtering, and trains of fparks, conti¬ 

nued for a very fenfible time ; and the phial was never 
deprived of a confiderable part of its charge : and 
(which Mr Lyons has taken no notice of) the glafs is 

found to be charged, negative on the fide conne&ed 
with the pofitive fide of the phial, and pofitive on the 

other. This charge was communicated to the glafs 
over a pretty confiderable furface round the points im¬ 
mediately oppofite to the wires. This is quite con¬ 
formable to the experiments of Dr Franklin and Bec- 
caria, who charged a tumbler by grafping it with the 
hand, and prefenting the iufide to a point ele&rified by 

the prime condu&or. The whole experiment is ana¬ 

logous to the one narrated in n° 176. 185 
We may conclude our obfervations on coated glafs Bars toucl 

with mentioning a curious experiment. A flat (lick of^1^^ 
fine fealing wax, warmed till it bent pretty readily, waseiegficity 

rendered permanently ele&rical, with a pofitive and ne¬ 

gative pole, in a manner analogous to the double touch 
of magnets. A fmall jar was taken, having a hemi- 

fphere on the end of its infide wire, and another on the 
end 
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rnd of a flifF wire projecting from the outer coating, 
and then turned up parallel to the infide wire ; fo that 
tlie^two hemifpheres flood equally high, and about 
three inches afunder. This jar was ele&rified fo weak¬ 
ly, as to run no rifle of a fpontaneous difcharge. The 

flat faces of the two hemifpheres were now applied to 
the flat fide of the fealing wax, and were moved to 

and fro along it, overpafiing both ends about an inch 

with each hemifphere. The experiment was very 
troublefome ; for the phial often difcharged itfelf along 
the furface of the fealing wax, and all was to begin 

again. But, by continuing this operation till the feal¬ 
ing wax grew quite cold and hard, it acquired a very 
fenfible^ ele&ricifm, which lafled feveral "weeks when 
kept with care * but flill it was not much more fen Able 
than that of the fealing wax, which congealed between 
two globes oppofitely eledlrified. 

milt AftCr thlS aPPHcat!°n of the theory to the pheno- 
chorus* mena of coated glafs, it will not be neceffary to employ 

much time in its application to the ele&rophorus. The 
general propofitions from n° 14. to 25. and their com¬ 
panions in n° 38—43, will enable us to ftate with pre- 

cifion (when combined with the law of ele&ric a&ion) 
the a a ions of every part of this apparatus; and confi¬ 
dence afliftance will be derived from a careful confide- 
ration of our analyfis of Profeffor Richmann’s experi¬ 

ment in n° 156. But we muft content ourfelves with 
a general, popular view of thefe particulars, which 
may be fufficient for making us underftand what will 
be the kind, and fomewhat of the mtenfity, of the ac¬ 
tion of its different parts. 

The elearophorus confifts of three parts. The chief 
part is the cake ABCD (fig. 34.) of fome elearic; 
iuch as gum lac, fealing wax, pitch, or other refinous 

compofition. This is melted on fome conduaing plate, 

DCFE, and allowed to congeal ; in which ftate it is 
found to be negatively elearic. Another conduaing 
plate GHBA is laid on it, and may be raifed up by 
iilk lines, or any inflating handle. We (lull call 

ABCD the cake, DCFE the sole, and GHBA the 
COVER. 

The general appearances not having been fo feienti- 
fically claffed in the article Electricity as could be 

wifhed, we fhall here narrate them, very briefly, in a 
way more fuited to our purpofe. In comparing the 
theory with obfervation, it will be proper to make all 

the three parts of confiderable thicknefs, and of no 

great breadth. Although this diminiflies greatly the 
moft remarkable of the adions, it leaves them fufficient- 
ly vivid, and it greatly fncreafes the fmaller changes 
which are inflruaive in the comparifon. The general 
faAs are, 

L . *■ If the fole lias becn infulated during the congela- 
• tion of the elearic, till all is cold and hard, the whole 
is found negatively elearic, and the finger draws a fpark 
from any part of it, efpecially from the foie. If allow¬ 

ed to remain in this fituation, its elearicity grows gra¬ 
dually weaker, and at laft difappears : but it may be 
excited again by rubbing the cake with dry warm 
flannel, or, which is the heft, with dry and warm cat 
or hare fur. If the cover be now fet on the cake by 
its infulating handle, but without touching the cover, 

and again feparated from the cake, no elearicity what¬ 
ever is obferved in the cover. 

2. But if it be touched while on the cake, a fharp 
Suppl. Vol. I. Part II. 
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pungent fpark is obtained from it ; and if, at the fame 

time, the foie betouched with the thumb, a very fenfi- 
ble fliock is felt in the finger and thumb. 

3. After this, the elearophorus appears quite in¬ 
aaive, and is faid to be dead; neither foie nor cover gi¬ 
ving any fign of elearicity. But, 

4. When the cover is* raifed to fome diftance from 
the cake (keeping it parallel therewith), if it be touch¬ 

ed while in this fituation, a fmart fpark flies, to fome 
diftance, between it and the finger, more remark¬ 
ably from the upper fide, and ftill more from its edge, 
which will even throw off fparks *into the air, if it be 

not rounded off. As this diminifties the defired effeas, 
it is proper to have the edge fo rounded. This fpark 
is not fo ftiarp as the former, and refembles that from 
any elearified conduaor. 

5. The elearicity of the cover, while thus raifed, is 
of the oppofite kind to that of the cake, or is pofitive. 

6. The elearicity of the cover while lying on the 
cake is the fame with that of the cake, or negative. 

7. The appearances n° 2, 3, 4, may be repeated for 
a very long time without any fenfible diminution of 
their vivacity. The inftrument has been known to re¬ 
tain its power undiininilhcd even for months. This 
makes it a fort of magazine of elearicity, and we can 
take off the elearicity of the cake and of the cover as 
charges for feparate jars, the cover, when raifed, char¬ 

ging like the prime conduaor of an ordinary ekarical 
machine ; and, when fet on the cake, charging it like 

the rubber. This caufed the inventor, Mr Volta, to give 
it the name of Electrophorus. 

8. If the foie be infulated before putting on the 
cover, the fpark obtained from the cover is not of that 
cutting kind it was.before : but the fame (hock will be 
felt if both cake and cover be touched together 

9. If the cover be again raifed to a confiderable height, 
the foie will be found ekarical, and its elearicity is 
that of the cake, and oppofite to that of the cover. 

After touching both cover and foie, if the cover 
be raifed and again fet down, without touching it while 
aloft, the whole is again inactive. 

11. If both cover and foie be made inaaive when 

joined, they (hew oppofite elearicities when feparated, 
the foie having the elearicity of the cake. 

12. If both cover and foie he made inaaive when 
feparate, they both (hew the oppofite to the elearicity 
of the cake when joined. 

Let us now attend to the difpofition of the eleftrical Difpofition 
fluid m the different parts of the inftrument in their va-of the fluid 
ritms filiations, and to the forces which operate mutually 
between them. N. B. Experiments for examining this 
inftrument are bed made by fetting the three plates 
vertically, fupported on glafs (talks, with leaden feet, 
to fteady them. A very fmall ekarometer may be at¬ 
tached to the outer furfaces of the cover and foie. 

If the extent of the plates wer^ incomparably greater 
than their thicknefs, we may infer from n« 92, &c. that 

the redundant fluid and matter would be difpofed in 
parallel ftrata, and that the a<5tions would be the fame 
at all diftances. But fince this is not the cafe, the dif¬ 

pofition of the fluid will be fomewhat different ; and 
whatever it-is, the aaion of any ftratiim will be dinu- 
nifhed by an increafe of diftance. The following de- 

fcnption cannot be very different from the truth ; 

1. Ihe cake grows negative by cooling ; and if it 

4 G weve ^ 
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were alone, it would have a negative fuperficial ftratum 
on both Tides, of greater thicknefs near the edges ; and 
the fluid would probably grow denfer by degrees to the 
middle, where it would have its natural denfity. This 
difpofltion may be inferred from n° 92, 93, and 98. 
But it cools in eonjuiidion with the foie, and the at¬ 
traction of the redundant matter in the cake ; for the 

moveable fluid in the foie difturbs its uniform diffufion 

in the foie, and caufes it to approach the cake. And 
becaufe this, in all probability, happens while the cake 
is ftill a conductor, the difpofltion of its fluid will be 
different from that defcribed above, and the final dispo¬ 

sition of the fluid in the cake and foie will refemble that 
defcribed in n°95, where the plates E and A reprefent 
the cake and foie. But becaufe we do not know pre¬ 
cisely the gradation of denfity, and aim only at general 

notions at prefent, it will be fufficient to confider the 
cake and foie as divided into two ftrata only ; one re¬ 
dundant in fluid, and the other deficient, negleding the 
neutral ftratum that is interpofed between them in each. 
The cake, then, confifts of a ftratum AB£aA contain¬ 
ing redundant matter, and a ftratum # ^ CD containing 

redundant fluid : and the foie has a ftratum DC n m 
containing redundant fluid, namely, all that belongs 

naturally to the fpace DCFE, and a ftratum mn FE 
containing redundant matter. This may be called the 
primitive STATE of the cake and foie; and if once 
changed by communication with uneledrified bodies, it 

can never be recovered again without fome new excite¬ 

ment. 
II. If the foie be touched by any body communica¬ 

ting with the ground, fluid will come in, till the repul- 
fion of the redundant fluid in the foie for a fuperficial 

particle y is equal to the attradion of the redundant 
matter in the cake for the fame particle. What has been 
faid concerning infinitely extended plates rendered neu¬ 

tral 011 one fide, may fuffice to give us a notion of the 
prefent difpofltion of the fluid in the foie. The under 
furface will be neutral, and the fluid will increafe in den¬ 
fity toward the furface DC. The foie contains more 
than its natural quantity of fluid, but is neutral by the 
balance of oppofite forces. Let it now be infulated. 
This difpofltion of fluid may be called the common Juie 

of the eledrophorus. 
III. Let the cover GHB A be laid on it. The par¬ 

ticle z, at the upper furface of the cover, muft be more 
attraded by the redundant matter in the ftratum AB^ 
than it is repelled by the redundant fluid in the remoter 
ftrata; for the fluid in the cake is lefs than what be¬ 

longs to it in .its natural ftate, and therefore.% is attrac¬ 
ted by the cake. The redundant fluid which has come 
into the remote fide of the foie is lefs than what would 
faturate the redundant matter of the cake, becaufe it 

only balances the excefs of the remote adion of this 
matter above the nearer adion of the comprefled fluid 

in the foie ; and this fmaller quantity of redundant fluid 
ads on z at a greater diftance than that of the redun¬ 
dant matter in the cake. On the whole, therefore, the 
particle z, lying immediately within the furface GH, 
is attraded ; therefore fome will move toward the cake, 
and its natural ftate of uniform diffufion through the 
cover will be changed into a violent ftate, in which it 
will be comprefled on the furface AB, being abftraded 
from the furface GH. It will now have a ftratum 
,Gg/>JrI, containing redundant matter* and another 

^BA, containing redundant fluid. But this will dif- 
turb the arrrangement which had taken place in the 
foie, and had rendered it neutral on the under furface. 

We do not attend to the fluid in the cake, but conflder 
it as immoveable ; for any motion which it can get will 

be fo fmall, that the variations of its adion will be al¬ 
together infignificant. The particle y9 fituated in that 

furface, will be more repelled by the comprefled fluid 
in the ftratum gpC A than it is attraded by the equi¬ 

valent, but more remote redundant matter in GH^. 
Fluid is therefore difpofed to quit the furface EF,and the 

foie appears pofitively eledric ; very little indeed, if the 
cover be thin. All this may be obferved by attaching 
a fmall Canton’s eledrometer to the lower furface of 
the foie, or by touching the foie with the electrometer 

of fig. 8. and then trying its eledricity by rubbed wax 

or glafs. 
IV. A particle of fluid z, placed immediately with- \ 

out the furface GH, will be more attraded by the de¬ 
ficient ftratum GH/^ and by AB ba than it is repel¬ 
led by the redundant ftrata beyond them, and the cover 

muft be fenfibly negative. This is the common ftate of 
the whole inftrument after fetting on the cover. It is 
flightly pofitive on the lower furface of the foie, and 
much more fenfibly negative on the upper furface of the 
cover. A fmart fpark will therefore be feen between 
it and the finger, fluid will enter, till the attradion of 
the redundant matter in AB ba is balanced by the re- 

pulfion of the redundant fluid in DCFE. jpa 
V. A fpark will now be obtained from the foie, be- Dead fat: 

caufe it was faintly pofitive before, and there has been 
added the adion of the fluid which has entered into the 
cover. The fluid in the foie is therefore difpofed to fly 

to any body prefented to it. But when this has hap¬ 
pened, the equilibrium at the furface GH is deftroyed. 
and that furface again becomes negative, and will at- 
trad fluid, although the cover already contains more 
than its natural quantity. A fmall fpark will therefore 

be feen between the cover and any conduding body 
prefented to it. By touching it, the neutrality or equi¬ 

librium is reftored at GII ; but it is deftroyed again at 
EF, which will again give a pofitive fpark, which, in 
its turn, again leaves GH negative. This will go on 
for ever, in a feries of communications continually di- 

minifhing, fo as foon to become infenfible, if the three 

parts of the eledrophorus be thin. This makes it pro¬ 
per to make them otherwife, if the inftrument be in¬ 

tended for illuftrating the theory. 
At la ft the equilibrium is completed at the furfaces 

GH and EF, and both are neutral in relation to fur¬ 
rounding bodies, although both the cover and foie con¬ 
tain more than their natural fhare of eledric fluid. We 

may call this the neutral or dead ftate of the elec- 

trophorus. < io? ‘ 
This ftate may be produced at once, inftead of doing chargd 

it by thefe alternate touches of GH and EE. If wejiate, 

touch at once both thefe furfaces, we have a bright, 
pungent fpark, and a fmall fliock. If this be the ob- 

jed of the experiment, the ftate N° IV. which gives oc¬ 
casion to it, maybe called the charged ftate of the 

eledrophorus. 
When the inftrument has thus been rendered neutral 

in relation to furrounding bodies, it is plain that it may 
continue in this ftate for any length of time without 

any diminution of its capability of producing the other 
.phenomena^. 
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phenomena, provided only that no fluid pafs from the 

cover to the cake. We do not fully underhand what 
prevents this communication, nor indeed what prevents 

the rapid efcape from an overcharged body into the air. 
This caufe, whatever it be, operates here ; and the belt 

way of preventing the diffipation, or the abforption by 
the cake, is to keep the eledlrophorus with its cover on. 
It will come into this neutral hate by diffipation from 
the foie, and abforption by the cover, in no very long 
time ; and after this, will remain neutral, retaining its 

power with great obftinacy, efpecially if the cake and 

plates are very thin. 

Charing or VI. If the cover be now removed to a diftance. both 
iftiveJiate. parts of the apparatus will fhevv ftrong marks of electri¬ 

city. The cover contains much redundant fluid, and 
mult appear ftrongly pofitive, and will give a bright 
fpavk, which may be employed for any purpole. It may 
be employed for charging a jar pofitively by the knob, 
if we juft touch the cover with the knob. The foie 
will attraCl fluid, or be negative, although it contain 
more than its natural quantity of fluid, and it will take 
a fpark. The foie therefore, in the abftnce of the co¬ 
ver, may be employed to charge ajar negatively by the 
knob. By touching it with the finger, or with the knob 
of a jar held in the hand, it is reduced to the common 
ftate deferibed in N° II. ; and now all the former ex¬ 

periments may be repeated. We may call this the ac¬ 

tive or the charging ftate. 
EleClro- This ftate of the apparatus has caufed it to get the 
phorus not name Eleflrophorus. Volta, its undoubted inventor, 
a magazine called it Eledroforo perpetuo ; for it appears, as has been 

city ht'a already obferved, to contain a magazine of eledlricity. 
collecting The cover, when removed, will charge a jar held in the 
machine, hand pofitively ; and having done this fervice, it will 

charge a jar negatively when again fet on the cake. 
The foie, in the abfence of the cover, will charge a 

third jar negatively ; and then, when the cover, after 
being touched, is fet down again, it will charge a fourth 
jar pofitively. It will not be difficult to contrive a 
fimple mechaiiifm, conncdled with the motion of the co¬ 

ver, which ffiall conned! the joined parts with two jars, 

and fhall conned! them, when feperated, with two 
others ; and thus charge all the four with great expe¬ 
dition. All this is done without any new excitation of 

the eledlrophorus* But it is by no means a magazine 
of eledlricity which it gradually expends : it is a col¬ 

lector of eledlricity from the furrounding bodies, 
which it afterwards imparts to others, and may be em¬ 
ployed to difeharge jars in the fame gradual manner as 
to charge them. 

VII. If the eledlrophorus is not infulated, a ftiock 
may Hill be obtained, by firft touching the foie, and 
then, without removing the finger, touching the cover : 

but this will not be fo fmart as when the negative cover 
is touched at the fame time that we touch the foie, 
more highly pofitive than when it communicates with 
the ground. The difference muft, however, be almoft 

imperceptible when the pieces are thin. 

2^5 VII. If the eledlrophorus is not infulated, the cover, 
when put on, will give a fpark in the manner already 
mentioned, and it will be fomewhat ftrongerthan when 

it is infulated ; becaufe the fluid is allowed to efcape 
from the foie, and does not obftrudl the entry into the 

cover. If we then, without removing the linger from 

the cover, touch the foie, nothing is felt; but if we firft 

touch the foie, arid, without removing the finger from 

it, touch the cover, we obtain a ftiock. This is evi¬ 
dent from the theory. By this feries of alternate 
touches, the period of the eledlrophorus is completed. 

The eledlrophorus is charged, or rendered neutral, by 
touching the plates when joined ; then, by touching 

both when feparated, the whole is reduced to the com¬ 
mon ftate. When feparated, from being in the neutral 

ftate, they have oppolite eledlricities, the foie (hewing 
that of the cake When brought together, each in 

the common ftate, they have oppofite eledlricities, the 

cover (hewing that of the cake. 197 
IX. When, by long expofure to the air without its How it 

cover, the eledlrophorus has loft its virtue, it may be Seated ^ 
brought again into an adlive (late in a variety of ways. 
Its furface may be rendered negative by fridtion with 
dry cat dr hare (kin, or warm flannel. It may be ren* 
dered negative by fetting on it a jar charged negatively 
on the infide, and then touching the knob with any 
thing communicating with the ground. This is the 

mod expeditious method, and will give it a high degree 
of excitation, if the jar be of iize, and if the eledlropho¬ 

rus be covered with a plate of tinfoil which comes into 
contadl all over its furface. This however requires the 
previous charging of the jar ; therefore it will be as ex¬ 

peditious and effedlual to conned! this furface with the 
rubber of an eledlrical machine. We had almoft for¬ 
gotten to remark, that the effedls of bringing the cover 

edgewife to the cake follow clearly from the theory, as 
will appear to the attentive reader without further ex¬ 
planation. 

The eledlrophorus has been compared to a charged Ic • J^ot 

plate of coated glafs. It is true that it may be brought vailar to a 
into an external ftate which very much refembles a char-charged 

ged pane ; namely, when the cover, in its natural ftate,Panc* 
is fet on the eledlrophorus in its natural (late ; and ac¬ 
cordingly it gives a (hock, and the two exterior furfaces 
become neutral ; but the internal conftitution, and the 
adling forces, are totally and tffaUially different. The 
two coatings of the pane would not, when feparated, 
exhibit the appearances of the eledlrophorus ; nor, when 

touched in their disjoined ftate, will they produce the 
fame efiedls when joined. In the operation of coated 
glafs, the conftant or invariable part, the glafs is not the 
agent, it is merely the occafion of the adlion, by allowing 

the accumulation. In the eledlrophorus, the electric, 
which is the conftant invariable part, is the agentprodu¬ 
cing the accumulation. The electrophorus is an origi¬ 

nal, and a very ingenious and curious eledlrical ma¬ 
chine. Nothing has fo much contributed to fpread 
fome general, though flight, acquaintance with the me¬ 

chanical principles of eledtricity. The numerous dab¬ 
blers in natural knowledge bad been diverted from fei- 
entific purfuit by the variety of the lingular and amu- 
fing effedls of eledlricity, and had really attained very 

little connedled knowledge. The effedls of the elec¬ 
trophorus forced this knowledge on them ; becaufe no 
ufe can be made of it without a pretty clear conception 

of the difpofition of the eledlricity, and the kind and 

intenfity of the adlions. It is therefore mod ungrate¬ 

ful in the experimenters who have attained better views, 
to attempt to rob Mr Volta of the real merit of difeove- 

ry, by fhewing that its effedls are fimilarto thofe of Mr 

Symmer’s (lockings, or of Cigna’s plates, or of Frank¬ 

lin’s charged or difeharged glafs panes. And the at> 

4 G 2 tempt 
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tempt deflroys ltfelf: for it Ihews the ignorance or in¬ 
attention of its author ; for the fimilarity is not real, 
as will appear clear to any perfon who will examine 
things minutely and fcientideally, proceeding in this 
examination on fuppofitions fimilar to thofe which we 

employed in the analyfis of ftichmann’s experiment. It 
was indeed in fubferviency to this examination that we 
entered into the detail of that experiment, it being a 
fnnpler cafe. The accurate examination of Richmaun’s 

experiment requires the fluxionary calculus in its refined 
form. In the prefent queftion five adfing ftrata are to 
be confidered, which renders the formula; very compli¬ 

cated, and indeed intradfable, unlefs we make the plates 
extremely thin ; which, fortunately, is the beft form of 
the inftrument. We have completed this mathematical 

analyfis ; and the popular view here given is the refult 
of that computation. 

The cledlricians are no lefs obliged to Mr Volta for 
another machine, or inftrument, from which the lludy 
of Nature's operations has derived, or may derive, im- 
menfe advantages. We mean the condenser or col¬ 

lector. of eledfricity. We refer to the article Elec¬ 

tricity in the Encyclopedia for a defeription of the 
inftrument, and fome account of its effedfs and proper¬ 
ties. The general effect is to render fenfible an accu¬ 
mulation or deficiency of eledfric fluid fo flight that it 
will not affedt the moft delicate eledtrometer; and it 
produces (at leaft in the opinion of Mr Volta) this ef- 
fedf, by employing for the foie of an eledtrophorus a 
body which is an imperfedf condudtor, fuch as a plate 
of well dried marble, or well dried, but not baked, 
wood ; or even a condudfing body, covered with a bit 

of dry taffety or other iilk. Mr Volta, Cavailo, and 
others, who have written a great deal on the fubjedt, 

have attempted to fhew how thefe fubftances are pre¬ 
ferable (and they certainly are preferable in a high de¬ 

gree) to more perftdf infulators : but not having taken 
pains to form precife notions of the difpofition and ac¬ 

tion of the eledfric fluid in the fituatiofis afforded by 
the inftrument, their reafonings have not been very clear. 
We think that an adequate conception of the effentials 
of the propofed inftrument may be acquired by means 
of the following confiderations : 

Furnifh the cover of an eledfrophorus with a gra¬ 
duated eledtrometer, which indicates the proportional 
degrees of electricity ; eledtrify it pofitively to any de¬ 

gree, fuppofe fix, while held in the hand, at fome di- 
ftance, right over a metal plate lying on a wine glafs 
as an inhibiting ftand, but communicating with the 
ground by a wire. Bring it gradually down toward 
the plate. Theory teaches, and we know it by expe¬ 
riment, that the eledtrometer will gradually fubfide, 
and perhaps will reach to 2° before the eledtricity is 

communicated in a fpark. Stop it before this’happens. 
In this ftate the attradfion of the lying plate produces 
a compenfation of four degrees of the mutual repulfion 
of the parts of the cover, by conftipating the fluid on 
its under furface, and forming a deficient flrattim above. 
This needs no farther explanation after what has been 
laid on the charging of coated glafs plates. Now we 
can fuppofe that the efcape of the fluid from this body 
into the air begins as foon as ekdfrified to the degree 
6, and that it will fly to the lying plate with the de¬ 
gree 2, if brought nearer. If we can prevent this 

communication to the lying plate, by interpofing an 

eledfric, we may eledfrify the cover again, while fo near 
the metal plate, to the degree 6, before it will ftream 

off into the air. If it be now removed from the lying 
plate, the fluid would raife the electrometer to 10, did 

it not immediately ftream off; and an eledfric excite¬ 
ment of any kincT which could only raife this body to 

the degree 6 by its iritenfity, will, by this apparatus, 

raife it to the degree 10, if only copious enough in ex¬ 
tent. If we do the fame thing when the wire is taken 
away which connedfs the lying plate with the ground, 

we know that the fame diminution of the eledfricity of 
the other plate cannot be produced by bringing it down 
into the neighbourhood of the lying plate (fee n° 134, 
&c. 151, &c.) 

Here we fee the whole theory of Mr Volta’s conden-Theory 
fer. He feems to have obfeured his conceptions of it thereof* 

by having his thoughts running upon the eledfrophorus 
lately invented by him, and is led into fruitlefs attempts 
to explain the advantages of the imperfedf cor.dudtor 
above the perfedt infulator. But the apparatus is alto¬ 
gether different from an eledfrophorus, and is more ana¬ 
logous in its operations to a coated plate not charged 
nor infulated on the oppofite fide ; and fuch a coated 
plate lying on a table is a complete condenfer, if the* 
upper coating be of the fame fize with the plate of the 
condenfer. All the diredfions given by Mr Volta for 
the preparation of the imperfedf condudfors fhew, that 
the effedf produced is to make them as perftdf conduc¬ 
tors as pofiible for any degree of eledfricity that exceeds 
a certain fmall intenfity, but fuch as (hall not fuffer thi$ 
very weak eledfricity to clear the firft ftep of the con¬ 
duit. The marble muff be thoroughly dried, and even 
heated in an oven, and either ufed in this warm ftate, 
or varnifhed, fo as to prevent the reabforption of inoif- 

ture. We know that marble of {lender dimenfions, fo 
as to be completely dried throughout, will not condudf 
till it has again become moift. A thick piece of marble, 

is rendered fo, fuperficially only, and ft ill condudfs in¬ 
ternally. It is then in the beft pofiible ftate. The 
fame may be faid of dry unbaked wood. Varnifhing 
the upper furface of a piece of marble or wood is equL 
valent to laying a thin glafs plate on it. Now this me¬ 
thod, or covering the top of the marble, or of a book,,., 

or even the table, with a piece of clean dry filk, makes 

them all the moft perfedf condenfators. This juft view" 
of the matter has great advantages. It takes away the 
myfterious indiftindfnefs and obfeurity which kept the 

inftrument a quackifh tool, incapable of improvement. 
We can now make one incomparably better and more 
fimple than any propofed by the very ingenious inven¬ 
tor. We need only the fimple moveable plate. Let 

this be varnifhed on the under fide with a moderately 
thick coat of the pureft and hardeft verms de Martin„ 
or coach-paintCrs varnifh; and we have a complete con- , 

denfator by laying this on a table. If it be connedfcd 
by a wire with the fubftance in which the weak and 
imperceptible eledfricity is excited, it will be raifed 
(provided there be enough of it of that fmall intenfity) 

in the proportion of the thicknefs of the varnifh to the 
fourth part of the diameter of the plate. This degree 
of condenfation will be procured by detaching the con- 
nedfing wire from the infulating handle of the condern- 
fer, and then railing the condenfer from the table. It 
will then give fparks, though the original eledfricity 

could not fenfibly affedf a flaxen fibre.. 
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Tt mull be particularly noted, that it can produce 
this condenfation only when there is fluid to condenfe ; 
that is, only when the weak eledricity is diffufed over 
a greater fpace than the plate of the condenfer. In 
this way it is a moll excellent collector of the weak at- 
mofpheric eledricity, and of all diffufed eledricity, But 
to derive the fame advantage from it in many very inte- 

rejling cafes, fuch as the inquiry into the eledricity ex¬ 
cited in many operations of Nature on fmall quantities 

of matter, we mud have condenfers of various fizes, 
fome not larger than a filver penny. To conftrud tliefe 
in perfection, we muft ufe the purefl and hardeft var- 
nifti, of a kind not apt to crack, and highly coercive. 
This requires experiment to difcover it. Spirit varnifhes 
are the mofl coercive ; but by their difference of con- 
tradion by cold from that of metals, they foon appear 
frody, and when viewed through a lens, they appear all 

fhivered : They are then ufelefs. Oil varnifhes have 
the reqnifite toughnefs; but are much inferior in coer¬ 
cion. We have found amber varnifh inferior to copal 
varnifh in this refped, contrary to our expedation. 
On the whole, we fhould prefer the fined: coach-painters 
varnifh, new from the fhop, into which a pencil has ne¬ 
ver been dipped : and we muft be particularly careful 
to clear our pencils of moiflure and all conducting mat¬ 
ter, which never fails to taint the varnifh. We fcarcely 
need remark, that the coat of varnifh on tliefe fmall con¬ 

denfers fhould be very thin, otherwife we lofe all the 
advantage of their fmallnefs- 

Mr Cavallo ha& ingenioufly improved Volta’s con¬ 
denfer by connecting the moveable plate, after removal, 

with a fmaller condenfer. The effeCt of this is evident 
from n° 130. But the fame thing would have been 
generally obtained by ufing the fmall condenfer at fird, 

or by ufing a flill thinner coat of varnifh. 
It will readily occur to the reader, that this indru- 

ment is nbt inflantaneons in its operation, and that the 
application mufl be continued for fome time, in order 
to colled the minute eledricity which may be excited 

in the operations of nature. He will alfo be careful 
that the experiment be fo conduded that no ufelefs ac¬ 
cumulation is made anywhere elfe. When we expect 
eledricity from any chemical mixture, it never fhould 

be made in a glafs veffel, for this will take a charge, 
and thus may abforb the whole excited eledricity, ac¬ 

cumulating it in a neutral or infenfible date. Let the 
mixture be made in veffels of a conduding fubflance, in¬ 
sulated with as little contad as poflible with the infla¬ 
ting fupport ; for here will alfo be Something like a 

charge. Sufpend it by filk threads, or let it refl on 

the tops of three glafs rods, &c. 
After this account of the Leyden phial, eledropho- 

rus, and condenfer, it is furely unneceffary to employ 
any time in explaining Mr Bennet’s mod ingenious and 
ufeful inftrument called the doubler of elebiricity. The 
explanation offers itfelf fpontaneoufly to any perfon who 
nnderdands what has been faid already. Mr Cavallo 
has with indullry fcarclied out all its imperfedions, and 
has done fomething to remove them, by feveral very 
ingenious conflrudions, minutely deferibed in his Trea- 
tife on Eledricity. Mr Bennet’s original inftrument 
may be freed, we imagine, as far as feems poflible, by 
ufing a plate of air as the intermedium between the three 

plates of the doubler. Stick on one of the plates three 

if cry fmall fpherules made from a capillary tube of glafs, 

or from a thread of fealing wax. The other plate be¬ 
ing laid on them, reds on mere points, and can fcarce¬ 
ly receive any fridion which will didurb the experi¬ 

ment. Mr Nicholfon’s beautiful mechanifm for expe- 
ditingthe multiplication, has the inconvenieiicy of bring¬ 
ing the plates towards each other edge wife, which will 
bring on a fpark or communication fooner than may 
be defired : but this is no inconvenience whatever in 

any philofophical ndearch ; becaufe, before this hap¬ 
pens, the eledricity has become very didinguifhable as 
to its kind, and the degree of multiplication is little 

more than an amufement. The fpark may even ferve 
to give an indication of the original intenfity, by means 
of the number of turns necedary for producing it. If 

the line wires, which form the alternate connedions in 
fo ingenious a manner, could be tipped with little balls 
to prevent the didipation, it would be a great improve¬ 
ment indeed. An alternate motion, like that of a 
pump-handle, might be adopted with advantage. This 
would allow the plates to approach each other face to 

face, and admit a greater multiplication, if thought ne* 

ceffary- . ... s©4 
One of the mod remarkable fads' in eledricity is the Diflipatien 

rapid difiipation by {harp points, and the . impofiibility of de&ri- 
of making any confiderable accumulation in a body ^iry dora- 

which has any fuch, projeding beyond other parts ofU|T^ 
its furface. The difiipation is attended with many re-^ 
markable circumdances, which have greatly the appear¬ 

ance of the adual efcape of fome material fubftance. 
A dream of wind blows from fuch a point, and quick¬ 
ly eledrifies the air of a room to fuch a degree, that an 
eledrometer in the farthed corner of the room is affed- 

ed by it. This difiipation in a dark place is, in many 
indances, accompanied by a bright train of light di- 
verging from, the point like a firework. Dr Franklin 
therefore was very anxious to reconcile this appearance 
with his theory of plus and minus eledricity, but does 
not exprefs himfelf well fatisfied with any explanation 
which.had occurred to him. From the beginning, he 

faw that he could not confidcr the dream of wind as a 
proof of the efcape of the eledric fluid, becaufe the 
lame dream is obferved to ifiue from a (harp negative , 
point ; which, according to his theory, is not difperfing, 
but abforbing it. Mr Cavendifli has, in our opinion,/ 
given the fird fatisfadory account of this phenomenon. 

To fee this in its full force, the phenomenon itfelf loy, 
mild be carefully obferved. The dream of wind is 
plainly produced by the efcape of fomething from the 
point itfelf, which hurries the air along with it ; and 
this draws along with it a great deal of the furround¬ 
ing air, efpecially from behind, in the fame manner as 
the very {lender thread of air from a blow-pipe hurries 
along with it the furrounding air and flame from a con¬ 
fiderable furface on all fides. It is in this manner that 
it gathers the whole of a large flame into one mafi, 
and, at lad, into a very point. If the. fmoke of a little 
rofin thrown on a bit of live coal be made to rife quiet¬ 

ly round a point projeding from an eledtrified body, 
continually fupplied' from an eledrical machine, the 
vortices of this fmoke may be obferved to curl in from 

all fides, along the wire, forming a current of which 
the wire is the axis, and it goes off completely by the 

point. But if the wire be made to pafs through a 
cork fixed in the bottom of a wide glafs tube, and if 

its point projed not beyond the mouth of the tube., 
tlm 
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the afflux of the air from behind is prevented, and we 
have no ftream ; but if the cork be removed, and the 
wire (till occupy the axis of the tube, but without 
touching the Tides, we have the ftream very diftinCtly ; 
and fmoke which rifes round the far end of the tube is 
drawn into it, and goes of at the point of the wire. 
Now it is of importance to obferve, that whatever pre¬ 

vents the formation of this ftream of wind prevents 
the difiipation of eleCtricity (for we fhall not fay efcape 

of eleCiric fluid) from the point. If the point project 
a quarter of an inch beyond the tube, or if the tube be 
open behind, the ftream is ftrong, and the difiipation fo 

rapid, that even a very good machine is not able to raife 
\ a Henly’s electrometer, (landing on the conductor, a 

very few degrees. If the tube be flipped forward, fo that 
the point is juft even with its mouth, the difiipation of 
eleCtricity is next to nothing, and does not exceed what 

might be produced by fuch air as can be collected by a 
fuperficial point. If the tube be made to advance half 

an inch beyond the point which it furrounds, the difiipa¬ 
tion becomes inienfible. All thefe faCls put it beyond 
a doubt that the air is the caufe, or, at leaft, the occa- 
fion of the difiipation, and carries the electricity off with 
it, in this manner rendering electrical the whole air of 

a room. The problem is reduced to explain how the 
air contiguous to a (harp eleCtrified point is eleCtrified 
and thrown off. 

Theory of It was dernonftrated in n° 130, that two fpheres, 
u* connected by an infinitely extended, but flender con¬ 

ducting canal, are in electrical equilibrium, if their fur- 
faces contain fluid in the proportion of their diameters. 

In this cafe,, the fuperficial denfity of the fluid and its 
tendency to efcape are inverfely as the diameters (n° 
J30). Now if, in imagination, we gradually diminifh 
the diameter of one of the fpheres, the tendency to 
efcape will increafe in a greater proportion than any 
that we can name. We know, that when the prime con¬ 
ductor of a powerful table-machine has a wire of a few 
inches in length projecting from its end, and termina¬ 
ting in a ball of half an inch in diameter, we cannot 
eleCtrify it beyond a certain degree ; for when arrived at 
this degree, the eleCtricity flies off in fuccefiive burfts 
from this ball. Being much more overcharged than any 
other part of the body, the air furrounding the ball be¬ 
comes more overcharged by communication, and is re¬ 
pelled, and its place fupplied by other air, not fo much 
overcharged, which furrounded the other parts of the 
body, and is preffed forwards into this fpace by the ge¬ 
neral repulfion of the conductor and the confining pref- 
fure of the atmofphere ; otherwife, being alfo overchar¬ 
ged, it would have no tendency to come to this place. 
Half a turn of the cylinder is fufficient to accumulate 
to a degree fufficient for producing one of thefe explo- 
fions, and we have two of them for every turn of the 
cylinder, A point may be compared to an incompa¬ 
rably fmaller ball. The conftipation of the fluid, and 
its tendency to efcape, mult be greater in the lame un- 
meafurable proportion. This denfity and mutual re¬ 
pulfion cannot be diminifhed, and mull even be increa¬ 
sed, by the matter of the wire forming a cone of which 
the point is the apex ; therefore, if there were no other 
caufe, we muff fee that it is almoft impofiible to confine 
a collection of particles, mutually repelling, and confti- 
pated, as thefe are in a fine point. 

But the chief caufe feems to be a certain chemical 

union which takes place between the eleCtrlc fluid and *06 
a correfponding ingredient of the air. In this fiate of tdc&ridty 
conftipation, almoft completely furrounded by the air, unites| 

the little mafs of fluid muft attraCt and be attra&edNV^ Jr 
with very great force, and more readily overcome ti e 
force which keeps the electrified fluid attached to the 
laft feries of particles of the wire. It unites-with the 
air, rendering it eleCtric in the higheft degree of redun¬ 

dancy. It is therefore ftrongly repelled by the mafs of 

conftipated fluid which fuccetds it within the point. 
Thus is the eleCtrified air continually thrown off, in a 

fiate of electrification, that muff rapidly diminifh the 
eleCtricity of the conductor. Hence the uninterrupt¬ 

ed flow, without noife or much light, when the point is 
made very fine. When the point is blunt, a little ac¬ 
cumulation is neceffary before it attains the degree ne- 
ceffary for even this minute explofion ; but this is foon 
done, and thefe little explofions fucceed each other ra¬ 

pidly, accompanied by a fputtering noife, and trains of 
bright fparks. The noile is undoubtedly owing to the 

atoms of the highly eleCtrified fluid. Thefe are, in all 
probability, rarefied of a fudden, in the aCt of electrifi¬ 
cation, and immediately collapfe again in the aCt of 
chemical union, which caufes a fonorous agitation 
of the air. This eleCtrified air is thus thrown off, and 
its place is immediately fupplied by air from behind, not 
yet eleCtrified, and therefore ftrongly drawn forward to 

the point, from which they are thrown off in their 
turn. This rapid expanfion and fubfequent collapfing 

of the air is verified f>y the experiments of Mr Kinner- 
fly, related by Dr Franklin, and is feen in numberlefs 

experiments made with other views in later times, and 
not attended to. Perhaps it is produced by the great 
heat which accompanies, or is generated in the transfer¬ 
ence of eleCtricity; and it is of the fame kind with what 
occalions the burfting of ilones, fpfitting of trees, ex¬ 
ploding of metals, &c. by eleCtricity. The expanfion 
is either inconfiderable, or it is fuccefiively produced in, 

very fmall portions of the fubltance expanded ; for when 
metal is exploded in clofe vcffels, or under water, there 
is but a minute portion of gazeous matter produced , 
and in the difiipation by a very fine point, Sufficiently 

great to give full employment to a powerful machine, 
the ftream of wind is but very faint, and nine-tenths 

of this has been dragged along by the really eleCtrified 
thread of wind in the middle. 

From a collation of all the appearances of eleCtricity, 

we muft form the fame conception of the forces which 
operate round a point that is negatively electrified, not 
difperfing, but drawing in ele&ric fluid. It is more 
completely undercharged than any other part of a body, 
and attraCls the fluid in the furrounding air, and the 

air in which it is retained, with incomparably greater 
force. It therefore deprives the contiguous air of its 
fluid, and then repels it, and then produces a ftream like 
the overcharged point 

If a conducting body be brought near to any part 
of an overcharged body, the fronting part of the firft 

is rendered undercharged; and this increafes the charge 
of the oppoiite part of the overcharged body. It be¬ 
comes more overcharged in that part, and fooner at¬ 

tains that degree of conftipation that enables the fluid 
to quit the fuperficial feries of particles, and to eleCtrify 
ftrongly the contiguous air. The explofion is there¬ 

fore made in this part in preference to any other ; and 

the 
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the air thus exploded is ftrongly attra&ed by the front¬ 
ing part of the other body, and mud fly thither in pre¬ 
ference to any other point. If, moreover, the fronting 
part of A be prominent or pointed, this effedt wilt be 
produced in a fuperior degree; and the current of 
electrified air, which will begin very early, will inereafe 
this difpofition to transference in this way by rarefying 

the air; a change which the whole courfe of eledftric 
phenomena fliews to be highly favourable to this trans¬ 
ference, although we cannot perhaps form any very 
adequate notion how it contributes to this effect. 
This feerns to be the reafon why a great explofion and 

fnap,. with a copious transference of electricity, is ge¬ 
nerally preceded by a hilling noife tike the rufiling of 

wind, which fwells to a maximum in the loud fnap 
itfetf. • 

If two prominences, pvecifely fimilar, and eledlrified 
in the contrary way to the fame degree, are prefented 
to each other, we cannot fay from which the current 
fliould take its commencement, or whether it finoutd 
not equally begin from both, and a general difperfion 

of air laterally be the effedt; but fucti a fituation is 
barely poflibte, and muft be infinitely rare. The cur¬ 
rent will begin from the fide which has fome fuperiority 
of propelling force. We are dffpofed to think that this 
current of material ele&rified fubftance muft fuller great 
change during its paffage, by mixing with the current 
in an oppofite eledlrical Hate coming from the other 
body. Any little mafs of the one current muft ftrong¬ 
ly attra& a contiguous mafs of the other, and certain 
changes fhould furely arife from this mixture. Thefe 
may, in their turn, make a great change in the mecha¬ 
nical motions of the air ; and, in Head of producing a 
quaqua verfum difperfion of air from between the bo¬ 

dies, as fhould refult from the meeting of oppofite 
ftreams, it may even produce a cotlapfing of the air by 

the mutual ftrong attractions of the little maffes. Many 
valuable experiments-offer themfelves to the curious in¬ 
quirer. Two little balls may be thus prefented to each 
other, and a fmoke may be made with rofin to occupy 
the interval between them. Motions may be obferved 

which have certain analogies that would afford ufeful 
information to the mechanical inquirer. There muft be 
fomething of this mixture of currents in all fuch trans¬ 
ferences, and the moft minute differences in the condi¬ 
tion of a little parcel of the air may greatly affedl the 

future motions. The moft promifing form of fuch ex¬ 
periment would be to ufe two points of the fame fub¬ 
ftance, fhape, and fize, and electrified to the fame de* 
gree in oppofite fenfes. 

After all care has been taken to infwre fimilarity, there 
remains one effential difference, that the one current is re- 
dundant in electric Jluid, and the other deficient. This cir- 

‘cumftance mufi produce characteristic differences of ap¬ 
pearance. And are there not fuch differences? Is not the 
pencil and the ftar of light a charaCteriftic difference ? 
And does not thiswell-fupported fact greatly corroborate 
the opinion of Dr Franklin, that the electric phenomena 
refult from the redundancy and deficiency of one fub¬ 
ftance, and not from two diftinct fubftances operating in 
a fimilar manner ? For the diftindtion in appearance is a 
mechanical diftinction. Motion, direction, velocity, are 

perceivable in it. Locomotive forces are concerned in 
it; but they are fo implicated with forces which proba¬ 
bly refemble‘chemical affinities, hardly operating be- 

R 1 c 1 T Y. 
yond contaCt, that to extricate their effects from the 
complicated phenomenon feeins a defperate problem. 

‘ There is fome hitherto inexplicable chemical compofition 

and decompofition taking place in the transference of 
eleCtricity. Of this a numerous train of obfervations 
made fince the dawn of the pneumatic chemiftry leaves 

us no room to doubt. The emerfion or production 
of light and heat is a remarkable fign and proof. Now 
this takes place along the whole path of transference ; 

therefore the procefs is by no means completed at the 
point from which the aCtive caufe proceeds ; and al¬ 
though there be certain appearances that are pretty re¬ 
gular, they are ftill mixed with others of the moft ca¬ 
pricious anomaly. The zigzag form of the moft con- 
denfed fpark, totally unlike, by its {harp angles, to any 
motions producible by accelerating forces, which mo¬ 
tions are, without exception, curvilineal, makes us 
doubt exceedingly whether the luminous tines which we 
obferve are fuccelfive appearances of the fame matter in 
different places, or whether they be not rather fimulta- 

neous, or nearly fimultaneous, eorufeations of different 
parcels of .matter in different places, indicating chemical 

compofitions taking place almoft at once ; and this be¬ 
comes more probable, when we reflect on what has been 
faid already of the jumbling of oppofite currents ; fuch 
mixtures fhould be expected. We have feen a "darted 
flafii of lightning which reached (in a direction nearly 
parallel to the horizon) above three miles from right to 

left ; and it feemed to us to be co-exifient ; we could not 
fay at which end it began. The thunder began with 

a loud crack, and continued wdth a moft irregular 
rumbling noife about 15 feconds, and feemed equal on 

both hands. We ^imagine that it was really a fimulta¬ 
neous fnap, in the whole extent of the fpark, but of 

different ftrength in different places; different portions 
of the fonorous agitation were propagated to the ear in 
fucceffion by the fouorcus undulations of air, caufing 
it to feem a lengthened found. Such would be the 
appearance to a perfon {landing at one end of a long 
line of foldiers who difeharge their firelocks at one in- 
tlant. It will feem a running fire, of different ftiength 
in different parts of the line, if the mufkets have been 

unequally loaded. It is inconceivable that this long 
zigzag fpark can mark the track of an individual mafs 
of electrified air. The velocity and momentum would 
be enormous, and would fweep off every thing in its 
way, and its path could not be angular. The fame 
muft be afferted of the ftreams of light in our experi¬ 
ments. The velocity is fo unmeafurable that we cannot 
tell its direction. There may be very little local mo¬ 
tion, juft as. in the propagation of found, or of a wave 
on the furface of water. That particular change of 
mutual fituation among the adjoining atoms which oc« 
cafions chemical folution or precipitation may be pro¬ 
duced in an inftant, over a great extent, as we know 
that a parcel of iron filings, lying at random on the 
furface of quickfilver, will, in one inftant, be arranged 

in a certain manner by the mere neighbourhood of a 
magnet. Is not this like the fimultaneous precipitation 
of water along the whole path of a difeharge ? 

But ftill there muft be fome caufe which gives-thefe 
fimultaneous eorufeations a fituation with refpect to 
each other, that has a certain regularity. Now the lu¬ 
minous trains (for they are not uniform lines of light) 

of almoft continuous fparks which are arranged between 
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pofitive and a negative point, feem to us to.indicate 

emanation from the poiitive, and reception by the ne* 
gative point. The general line has a coniiderable re- 
femblance to the path of a body proje&ed from the po¬ 
sitive point, repelled by it, and attra&ed by the nega¬ 
tive point. This will appear to the mechanician on a 
Very little refle&ion. If.the curve were completely vi¬ 
sible, it would fornewhat refemble thofe drawn between 
T and N in 35. PABN overpaffes the point N, 
and comes to it from behind; Pa£N lies within the 
other, and arrives in a dire&ion nearly perpendicular to 

the axis ; P a BN defcribes a ftraight line, and arrives 
'in the dire&ion PN. As the chemical compofition ad¬ 
vances, the light is difengaged or produced, and there¬ 
fore the appearances are more rare as we advance far¬ 
ther in the dire£tion in which they are produced ; and 
there would perhaps be 110 appearance at all at the 
point where the motion ends, were it not that the few 
remaining parcels, where the compofitions or decompo* 
fitions have not been completed, are crowded together 
at the negative .point, incomparably more, than in any 
other part of the track* We think that, thefe confide* 
rations offer fome explanation of the appearance of the 
pencil and ftar, which are fo uniformly chara&eriftic of 
the pofitive and negative ele&ricities ; but we fee many 
grounds of uncertainty and doubt, and offer it with 

^IO due diffidence. 
X.ichten- The curious figures obferved by Mr Lichtenberg, 
berg's elec-foftned by the duff which fettles on a line drawn on 

afford^dif^ ^3Ce °^" a m*rror by ^ie pofitive and by the nega- 
tin&ive tive knobs -of a charged jar, 3re alfo uniformly charac- 
marks of teriflic of the two ele&ricities. Thefe are mechanical 

and — diftindlions, indicating certain differences of accelerating 

forces. We muft refer the curious reader to Lichten- 
berg’s Differtations in the Gottingen Commentaries ; to 

the Publication of the Haarlem Society ; to the Gotha 
Magazine; to Differtations by Spath at Altdorff, and 
Other German writers. 

Diffipation It only remains for us to take notice of the general 
*>f e!c6trici-law3 of the difiipation of ele&ricity into the air, and 
ty into the ai011g hnperfedb infulators. On this fubje£l we have 

portion^ toI°me valuable experiments of Mr Coulomb, publifhed 
tfe denfity. in the Memoirs of the-Academy of Sciences of Paris 

for 1785. 
Thefe experiments were made with the affiftance of 

an ele&rometer of a particular conftru&ion, which fhall 
be deferibed under the article Electrometer. 

The general refult of Mr Coulomb’s experiments 
was, that the momentary difiipation of moderate degrees 
of ele&ricity is proportional to the degree of ele&ri- 
city at the moment. He found that the difiipation 
is not fenfibly affe6ted by the flate of the barometer 
or thermometer ; nor is there any fenfible difference 

in bodies of different fixes or different fubftances, or 
even different figures, provided that the ele&ricity is 
very weak. 

. But he found the difiipation greatly affe&ed by the 
different ftates of humidity of the air. Saufiure’s hy¬ 
grometer has its fcale diftin&ly related to the quantity 
of water diffolved in a cubic foot of the air. The fol¬ 
lowing little Table fhews an evident relation to this in 
the difiipation of ele&ricity : 

Hygrometer. Grains water in Diffipation per 
cubic foot. minUte, * 

69 ... ■ . . 6,197 . . , * • *rsr 
75 • • • • ■ • 7.29s • • ■ 
80 ... . 1 • 8.0+5 • • ■ - • tV 

*7 ; • • • . 9,221 . . . ' - TI 
Hence it follows, that the difiipation is very nearly in 

the triplicate ratio of the moifture of the air. Thus if 

be confidered as 7>197 
6,180 

m 
we have m rz 2,764 

<50 
15>‘ • • * • • 

_ 8.045 
m 

gives m =z 2,76 
6,180 

6 0  9,220 
m 

gives m rr 3,61 .. 
6,180 

Hence, at a medium ytn = 3,40. 

We fhould have obferved, that the ingenious author 
took care to feparate this difiipation by immediate con¬ 

tact with the air, from what was occasioned by the im¬ 
perfect infulation afforded by the fupports. 

It inuft alfo be remarked here, that the immediate Diminution 

objedt of obfervation in the experiments is the diminu-of re* ulfion 

tion of repulflon. This is found to be, in any given 
date of the air, a certain proportion of the whole re-t|0^1 ^ * 
pulfion at the moment of diminution: but this is double 
of the proportion of the denfity of the eleCtric fluid * 
for it muft be recolleCted, that the repulfions by.which 
we judge of the difiipation are mutual, exerted by every 
particle of fluid in the ball t of Coulomb’s eledrometer, 
on every particle in the ball a. It is therefore propor¬ 
tional to the ele&ric denfity of each; and therefore, du¬ 
ring the whole difiipation, the denfities retain their pri¬ 
mitive proportion ; therefore, the diminution of the re- 
pulfion being as the diminution of the produCls of the 
denfities, it is as the diminution of the fquares of either* 
If therefore the denfity be reprefented by d> the mutual 
repulflon is reprefentable by d%, and its momentary di¬ 

minution by the fluxion of dx ; that is, by 2 dd> or 2 d 

Xd. Now 2 d X d is to dz as 2d is to d ; and there¬ 
fore the diminution of repulflon obferved in our experi¬ 

ment bears tef the whole repulflon twice as great a pro¬ 
portion as the diminution of denfity, or the quantity of 

fluid difiipated bears to the whole quantity at the mo¬ 
ment. For example, if we obferve the repulflon dimi- 

nifhed we conclude that of the fluid has efcaped. 
Mr Coulomb has not examined the proportion be- 

tween the difiipations from bodies of different flzes. A 
great and a fmall fphere, communicating by a very long 
canal, have fuperficial denfities, and tendencies to efcape, 
inverfely proportional to the diameters. A body of 
twice the diameter has four times the furface ; and tho’ 
the tendency to efcape be twice as fmall, the furface is 
four times as great. Perhaps the greater furface may 
Compenfate for the fmaller denfity, and the quantity of 
fluid a&ually gone off may be greater in a large fphere. 
This may be made the fubjeCt of trial. 

It muft be kept in mind, that the law of difiipation Diffipation 
afeertained by thefe experiments, relates to one given depends on 
ftate of the air, and that it does not follow that in the (late 

another ftate, containing perhaps the fame quantity ofthe air* 
water, the difiipation fhall be the fame. The air is fuch 

a hete- 
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a heterogeneous and variable compound, that it may 
have very different affinities with the eledtric fluid. Mr 
Coulomb thought that he ffiould infer from his nume¬ 
rous experiments, that the diffipation did not increafe in 
the ratio of the cube of the water diffolved in the air, 
unlefs it was near! / as much as it could diffoive in that 

temperature. This indeed is conformable to general 
obfervation : for air is thought dry when it dries quick¬ 
ly any thing expofed to it ; that is, when not nearly fa¬ 
ll u rated with moifture. Now it is well known, that what 
is thought dry air is favourable to ele&ricity. 

T. he diffipation along imperfect infnlators is brought 
about in a way fomewhat different from the manner of 
its efcaping by eledlrifying the contiguous air and go¬ 
ing off with it. It feems to be chiefly, if not folely, 

along the furface of the infulating fupport that the elec¬ 
tricity is diffufed, and that the diiiufion is produced 

there chiefly by the moiilure which adheres to it. It 
is not very eafy to form a clear notion of the manner, 

but Mr Coulomb’s explanation feems as fatisfadtory as 
any we have feen. 

Water adheres to all bodies, flicking to their fur- 
faces. ^ This adhefion prevents it from going off when 
electrified ; and it is therefore fufceptible of a higher 

degree of electrification. If we fuppofe that the particles 
of moiilure are uniformly difpofed along the furface, 
leaving fpaces between them, the electricity communica¬ 
ted to one particle mu ft attain a certain denfity befoie it 
can fly acrofs the infulating interval to the next. There¬ 

fore, when fuch an imperfedl conductor is electrified at 
one end, the electricity, in puffing to the other, will be 

weakened at every flep. If we take three adjacent particles 
a, b* cy °f this conducting matter, we learn, from n° 105, 
that the motion of b is fenfibly affeClcd only by the dif¬ 
ference of a and c; and therefore that the paffage of elec¬ 
tricity from b to c requires that this difference be fuperior 
or equal to the force neceffary for clearing this coercive 
interval. Let a particle pafs over. The electric den¬ 
fity of the particle ^ of conducting matter is diminifhed, 

while the denfity of the particle on the other fide of a re¬ 
mains as before. Therefore fome will pafs from a to £,and 
from the particle preceding a toa; and fo on, till we come 
to the electrified end of this imperfeCl infulator. It is 
plain from this confideration, that we muff arrive atlaft 
at a particle beyond c, where the whole repullion of the 
preceding particle is juft fufficient to clear this interval. 
Some will come over, whofe repullion, now aCting in the 
oppofite direction, will hinder any fluid from fupplying 
its place in the particle which it has quitted. Here the 
transfei ence will ftop, and beyond this the infulation is 

complete. There is therefore a mathematical relation 
between the infulating power and the length of the ca¬ 
nal, which may be afeertained by our theory ; and thus 

another opportunity obtained for comparing it with ob¬ 
fervation. That this inveftigation may be as Ample as 
poffihle, we may take a very probable cafe, namely, 
where the infulating, or, to name it more graphically, 
the coercive, interval is equal in every part of the canal. 

. ^et & be the coercive power of the infulator ; that 
is, let R be the force neceffary for clearing the coercive 
interval. Let a ball C (fig. 36.) be fufpended by a filk 

thread AB, and let C reprefent the quantity of its re¬ 
dundant fluid ; and let the denfity in the different points 
of the canal be as the ordinates AD, P d, &c. of fome 

curve line Dd B, which cuts the axis in B where the 
Suppl. Vol. I, Part II. 
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thread begins to infulate completely. Let Pp be an 
element of the axis. Draw the ordinate p/, the tan¬ 
gent df I, and the normal r/E, and f e perpendicular 
to P . Let AC be = r, K? = *, P d = y. Then 

PP = an^ de rr — y. We have feen that the 
only fenfible aChW on the particle of fluid in P is_ 
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V V 
-7- (fee n° 105), when the action of the redundant fluid 
x 

in the globe on the particle P, having the denfity y, is 

repreferited by -——i-— Therefore we have ~ 
(r +*)* / ; 

R, the coercive power of the thread. This is fuppo- 

fed to be conftant. Therefore —p—— is equal to 

fome conftant line R. But Pp, or fe : de = P d: PE. 

Therefore the fubnormal PE is a conftant line. But 

this is the property of the parabola alone; and the curve 
of denfity D d B is a parabola, of which the parameter 
is 2 PE, or 2 R. 

6or. t. The denfities in different points of an im- Variation 
perfect infulator are as the fquare roots of their diftance °I denfity 

from the point of complete infulation : For Pdl • hi)’ n the infu* 
= BP : BA. * lator* 

2. The length of canal required for infulating dif-Length ne- 
rerent denfiiies of elcCtricity are as the fquares of tliecc^ar>r f°r 

i infulation 
denfities. For AB = , and PE has been (liewn 4 den% *• 

to be a conftant quantity. Indeed we fee in the de- 
monftration, that BP would infuhte a hall, whofe elec¬ 
tric denfity is P d, and BA : BP = AD-; P d'-. 2IO 

, 3- The length neceffary for infulation is’ inversely asAlfoi 
tne coercive force of the canal, and may be reprefented 1 

n , D1 DA4 coercion, 
generally by p-. For AB is = = — 

Mr Coulomb lias verified thefe conclufions bv a very ' 
fatisfadory feries of experiments, by the affiftance of 
his delicate eledrometer, which is admirably fuited for 
this trial. The fubjed is fo interefting to' every zea¬ 
lous ftudent of electricity, that Mr Canton, Dr B. Wil- 

fon, Mr Waitz, Wilcke, and others, have made expen. 

ments for dbhlifhing fome meafure of the conducting 
powers of different lubllances. It was one of the firft 
thmgs that made the writer of this article fuppofe that 
electric action was in the inverfe duplicate ratio of the 
diitances : for, as early as 1763, he had found that 

the lengths of capillary tubes neceffary for infulation 
were as the fquares of the repuIfionS of the ball which 
they infulated. I he mode of reafoning offers of itfelf 
and the fluxionary expreffion of the infulating power! 

viz. ~ led immediately to a force proportional to L 
x x 

Numerous experiments were made, which we do not 

S‘ver h"e’ b«caufe the Public already poffeffed of 
thole of Mr Coulomb,. 

This difeuflion explains, in a fatisfaftory manner, thep 

operation of the condenftr as deferibed by Mr Volta. tlT7t'he 
The weak degrees of eledncity, which are rendered efficacy of 
fumciently fenlihle by the infulation of the plate of dry VoltaW- 

marble, are completely infulated by the perhaps thin**/"4 
ltratnm that has been fufficiently dried, while the reft; 

condufts with an efficacy fufficient for permitting the 
accumulation. b 

4 H When 
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When we reflect on the theory now delivered, we 

fee that the formulae determine the attribution of the 
fluid along an imperfeC conductor in a certain manner, 
on the fuppofition that a certain determinate dofe has 
been imparted to the ball : Becanfe this dofe, by dd- 
fufing itfelf from particle to particle of the conducting 
matter, will diffufe itfelf all the way to B, in fuch a 
manner that the repulfion fhall every where be in equili- 
brio with the maximum of the coercive force of the in¬ 
flating interval. But it mull be farther noticed, that 
this reliftaiice is not aUive, but coercitive, and we may 
compare it to friCion or vifcidity. Any repulfion of 
ele&ric fluid, which falls fhort of this, will not dtturb 
the liability of the fluid fpread along the canal, accord¬ 
ing to any law whatever. So that if AD reprefent 
the ele&ric denfity of the globe, and remain conllant, 

any curve of denfity will anfwer, if ~ be everywhere 
x 

lefs than R. It is therefore an indeterminate problem to 
afiign, in general, the difpolition of fluid in the canal. 
The denfity is as the ordinates of a parabola only on 
the fuppofition that the maximum of R is everywheie 
the fame. And, in this cafe, the diftances AB is a 
minimum : for, in other cafes of denfity, we mufl have 

Angle ele- H lefs than R. If, therefore, we vary a 

ment of the curve D d B, in order that the liability of 

the fluid may not be dillurbed, having d conllant, we 

mull nccelfarily have x larger, that — may Hill be lefs 
x 

than R ; that is, we mud lengthen the axis. 
We fee alfo, that to afeertain the attribution in a 

conducing canal is a determinate problem ; whereas, in 
imperfeC conductors, it is indeterminate, but limited 
by the Hate of the fluid, when it is fo difpofed that in 
every point the a&ion of the fluid is in equilibrio with 
the maximum of refinance. This confideration will be 

a*! applied to a valuable purpofe in the article Magnetism. 

Explana- This dodlrine gives, in our opinion, a very fatisfac- 
tion of"a tory explanation of the curious obfervations of Mr 
curious and Brooke8 and yir Cuthbertfon, mentioned in no 167. 

- ~ ■ namelv. that damDiner the infide of a coated jar 
to hold a 

k charge. 

fa<5l; and namely, that damping the infide of a coated jar dimi- 
method of mfhes the rifk of explofion, and enables it to hold a 
in creating higher charge. We learn here, that there is no den¬ 

fity fo great but that the lead imperfeCl condudor 
will infulate it, if long enougn ; and that the coercive 
quality of an imperfeCl conductor may be conceived fo 
condituted from A towards B, that the denfities fhall 
diminifh in any ratio that we pleafe, fo that the varia¬ 
tion of denfity (the caufe of motion) may everywhere, 
even to the infulating point B, be veryr tmall. How¬ 
ever great the conflipation at the edge of the metallic 
coating may be, an imperfeCt conductor may be conti¬ 
nued outward from that edge, and may be fo conditu¬ 
ted, that the condipation fhall diminifh by fuch gentle 
gradations, that an explofion fhall be impofiible. An 
uniform dampnefs will not do this, but it will dimi¬ 
nifh the abruptnefs of the variation of denfity. The 
date of denfity beyond the edge of the coating of a 
charged jar, very clean and dry, may be repreftnted by 
the parabolic arch D i a. This may be changed by 
-damping, or properly dirtying (to ufe Mr Brookes’s 

phrafe), to D/B ; which is evidently preferable,. We 
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think it by no means difficult to contrive fuch a conti¬ 
nuation of imperfedlly conducing coating. Thus, if 
gold leaf can be ground to an impalpable powder, it 
may be mixed with an oil varnifh in various proportions. 
Zones of this gold varnifh may be drawn parallel to the 
edge of the coating, decreafing in metal as they recede 
from the edge. By fuch contrivances it may be pof- 

fible to increafe the retentive power to a great degree. 

This doCrine farther teaches us, that many precau- Cautions ia 
tions mull be taken when we are making experiments deducing 
from which meafures are to be deduced ; and it points 
them out to the mathematician. In particular, when r*^net^pe~ 
bodies, fupported by infulators, are eledlrified to a high, 
degree, the fupports may receive a quantity of fluid, 
which may greatly diflurb the refults ; and this quan¬ 
tity, by exerting but a weak adlion on the parts of 
the canal, may continue for a very long time, and not 
be removed but with great difficulty. I11 fuch cafes,, 
it will be neceflary to ufe new fupports in every expe¬ 
riment. Not knowing, or not attending to this cir- 
cumllance, many erroneous opinions have been formed 

in fome delicate departments of eleCrical refearch. 
Mr Coulomb’s experiments on this fubjedl are chiefly 

valuable for having llated the relation between the in- 
tenfity of the ele&ricity, or, as he exprefles it, the elec¬ 
tric denfity, and the lengths of fupport neceflary for 
the complete infulation. But, as the abfolute intenfities 

have all been meafured by his eleCrometer, and he has 
not given its particular fcale, we cannot make much 
ufe of them till this be done by fome electrician. 
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Mr Coulomb found that a thread of gum lac was Infulating 

the moll perfect of all infulators, and is not lefs than powers of 

ten times better than a filk thread as dry as it can be 
made, if we meafure its excellence by its fhortnefs. In 
a confiderable number of experiments, he found that a 
thread of gum lac, of 1,5 inches long, infulated as well 
as a fine filk thread of 15 inches. When the thread 
of filk was dipped in fine fealing-wax, it was equal to the 

pure lac, if fix inches long, or four times its length. If 
we meafure their excellence by the intenfities with which 
they infulate, lac is three times better than the dry thread, 
and twice as good as the thread dipped in fealing-wax 
fo that a fibre of filk, even when included in the lac,, 
diminifhes its infulating power. We alfo learn that the 
diffipation along thefe fubftances is not entirely owing' 
to moiflure condenfed or adherent on their furfaces, but 
to a fmall degree of conducing power. We have re¬ 
peated many of thefe experiments, and find that the 
conducing powrer of filk thread depends greatly on its 
colour. When of a brilliant white, or if black, its con¬ 
ducing power feems to be the greattfl, and a high 
golden yellow, or a nut brown, feemed to be the beffi 

infulators ; doubtlefs the dyeing drug is as much con¬ 

cerned as the fibre. 

Glafs, even in its dryeft flate, and in fituations where, 
moiflure could have no accefs to it, viz, in vefTels con¬ 
taining caufiic alkali dried by red heat, or holding, 
frefh made quicklime, appeared in our experiments to 
be confiderably better than filk; and where drawn in* 

to a (lender thread, and covered with gum lac (melted), 
infulated when three times the length of a thread of lac; 
but we found at the fame time, that extreme finenefs 
was neceflary, and that it diffipated in proportion to 
the fquare of its diameter. It was remarkably hurt by 

having a bore, however fine, unlefs the bore could alfo 
be 
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l>e coated with lac. Human hair, when completely 
freed from every thing that water could wafh out of it, 

and then dried by lime, and coated with lac, was equal 
to filk. Fir, and cedar, and larch, and the rofe-tree, 
when fplit into filaments, and firft dried by lime, and 
afterwards baked in an oven which juft made paper be- 
come faintly brown, feemed hardly inferior to gum lac. 

The white woods, as they are called, and mahogany, 
w*ere much inferior. Fir baked, and coated with melt¬ 
ed lac, , feems therefore the belt fupport when ftrength 

is required. The lac may be rendered lefs brittle by a 
minute portion of pure turpentine, which has been 
cleared of water by a little boiling, without fenfibly in- 
creafmg its conducing power. Lac, or fealing wax, 
diffolved in fpirits, is far inferior to its liquid flate by 
heat. 

Thefe obfervations may be of ufe for the conftruc- 
tion of electrical machines of other eledrics than glafs. 

General re- We have now given a comparifon of the hypothecs 
ions, of Mr ^Lpinus with the chief fads obferved in elec¬ 

tricity, diverfified by every circumitaiice that feemed 
likely to influence the refult, or which is of importance 
to be known.. We truft that the reader will agree 
with us in faying that the agreement is as complete as 
can be expeded in a theory of this kind; and that the 
application not only feems to explain the phenomena, 
but is practically ufeful for diredting us to the proce¬ 
dures which are likely to produce the effedt we wifli, 
I hus, fhould our phyfiological opinions fuggefl that co¬ 
pious transference of fluid is proper, our hypothefis 
points out the moft effectual and the molt convenient 
methods for producing it. We learn how to conftipate 
the fluid in a quiefeent ftate, or how to abftrad as 
much of it as po.ffible from any part of a patient; we 
can do this even in the internal parts of the body. We 

had once an opportunity of feeing what we thought 
the cure of a paralylis of the gullet. Eledricity was 
tried, firfl: in the way of fparks, and then fmall fhocks 

taken acrofs the trachea. Thefe could not be tolerated 
by the patient. The furgeon vrifhed to give a fhock 
to the oefophagus without affeding the trachea. We 
recommended a leaden piilol bullet at the end of a 
ftro.ng wire, the whole dipped in melted fealing wax. 
I his was introduced a little way, we think not more 
than three inches, into the gullet, which the palfy per¬ 
mitted. A very flight charge was given to it in a few 
feconds ; and the firfl; fhock produced a convulflon in 
the mufcle, and the fecond removed the diforder com¬ 
pletely. Here the ball formed the inner, and the gul- 

u °^ter» coating of the Leyden phial. 

E'f^pinuZ u ^otw^ftan(h*ng the flattering tellimony given by 
is only a great conformity of this dodrine with the pheno- 
typothefis. mena> we ilill choofe to prefent it under the title of a 

hypothefis. We have never feen the eledric fluid in a 
feparate ftate; nor have we been able to fay in what 
cafes it abounds, or when it is deficient. After what 
we have feen in the late experiments of that philanthro¬ 
pic philofopher Count Rumford on the produdfon of 
heat by fridion, we think that we cannot be too cau¬ 
tious on what grounds we admit inviiible agents to per¬ 
form the operations of Nature. We think that all muft 

acknowledge that thqfe experiments tend very much 
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to flagger our belief in the exiftence of a fluid ful gens* 
ns, a fire, heat, caloric, or what we pleafe to call it ; 
and all will acknowledge, that no better proofs can be 
urged for the exiftence of an eledric fluid. aa? 

.Accordingly, many acute and ingenious perfons have The realty 
rejeded tlie notion of the exiftence of an eledric fluid, of an elec- 

and have attempted to fhew that the phenomena pro-* *c.*^^*s 
ceed, not from the prefence of a peculiar fubftance, butden,ed* 
from peculiar modes ; as we know that found, and fome 

concomitant motions and other mechanical appearances, 
are the refults of the elaftic undulations of air; and as 
Lord Bacon and others have explained the eflfeds of 

lire by elaftic undulations of the integrant particles of 
tangible matter. 

Wc have feen nothing, however, of this kind that Requifitea 

appears to give any explanation of the motions, pref-for a jutl 
fures, and other mechanical appearances of eledricity. 

We peremptorily require, that every dodrine which 
claims the name of an explanation, fhall be perfedly 
confident with the acknowledged laws of inechanifm ; 
and that the explanation (hall conlift in pointing out thofe 

mechanical laws of which the fads in eledricity are 
particular inftanecs. It is no difficult matter to pre¬ 
fent an intricate or complex phenomenon to our view, 
in fuch a form that it fhall have fome refemblance to 
fome other complex phyfical fad, more familiar, per¬ 
haps, but not better underftood. The fpecious appear¬ 
ance of fimilarity, and the more familiar acquaintance 
with the other phenomenon, difpofe us to confider the 
comparifon as a fort of explanation, or, at leaft, an il- 
luIllation, and to have a fort of indolent acquiefeencc 
in it as a theory. 

But this will not do in the prefent queftion : For we 

have, here feleded a particular circumftance, the obferved 
motions occafioned by eledricity, and called attraaions 
and rcpulfiom—a circumftance which admits of the moft 
accurate examination and comparifon with any expla¬ 
nation that is attempted. In iueh a cafe, a vague pic¬ 
ture would fpeedily vanifh into air, and prove to be 
nothing but figurative expreffions. 

Many philofophers, and among them fome refped-No advan- 

able mathematicians, have fupported the dodrine Qf ta£eis?aln" 

Du Fay, Syminer, Cigna, &c. who employ two fluidshv^thefi. 
as agents in all eledrical operations. It mull be grant-of two 
ed that there are fome appearances, where the explana-fluid?, 
tion by means of two fluids feems, at firfl fight, more 
palpable and eafier conceived. But whenever we at¬ 
tempt to obtain tneafnres> and to fay what will be the 
precife kind and degree of the adion, we find ourfelves 
obliged to affign to the particles of thofe fluids adua- 
ting mechanical forces precisely equivalent to thofe af- 
figned by jEpinus to his fingle fluid. Then we have 
to. add fome myfterious unexplained connedions, both 
with each other and with the other particles of tangible 
matter. If we except Mr Prevoft, in his EJfai fur les 
Forces Magnetiques et Ele8riques, we do not recoiled: 
an author who has ventured to fubjed his fyftem to 
ftrid examination, by pointing out to us the laws of 

adion according to which he conceives the particles 
influence each other. We fhall have a proper oppor¬ 

tunity, in the article Magnetism, to give this au¬ 
thor’s theory the attention it really merits. We ven¬ 

ture to fay, that all the chemical theories of eledricity 
labour under thefe inconveniences, and have acquired 
their influence merely from the inattention of their par- 
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tifans to the laws of mechanical motion, and require, in 
order to reconcile them with thofe law s, the adoption 
of powers fimilar to iEpinus’s attractions and repul- 
fions. Slight refemblances to phenomena, which Hand 
equally in need of explanation, have contented the par- 
tifans of fuch theories, and figurative language and me¬ 
taphorical conceptions have taken place of precife dif- 

127 cuffion. It would be endlefs to examine them ail. v 
Hypothefis The moft fpecious of any that we know was pub- 
©f Profeffoqjc|y read \n the univerfity of Edinburgh by the late 
Kiiflel. james Ruffel, Profeffor of natural pliilofophy; a per- 

fon of the moft acute difcernment, and an excellent rea- 
foner. It was delivered to his pupils, not as a theory, 
but as a conjecture, founded on Lord Karnes’s theory 
of fpontaneous evaporation, which had obtained a very 
general reception; a conjedure, faid the ProfefTor, 
founded on fuch refemblances as made a fimilarity of 
operation very probable, and was an incitement and di¬ 
rection to the philofopher to a proper train of experi¬ 
mental difcufiion. We fay this on the authority of his 

pupils in the years 1767, 1768, and 1769, and of fome 
notes in his own hand-writing now in our poffeffion. 

Mr RufTel confidered the eleCtrical phenomena as the 

refults of the adion of a fubftance which may be called 
the eleCtric al fluid, which is conneded with bodies by 
attractive and repulfive forces aCting at a diftance, and 
diminifhing as the diftance increafes. 

Mr RufTel fpeaks of the eleCtric fluid as a compound 
of feveral others; and, particularly, as containing ele¬ 
mentary fire, and deriving from it a great elafticity, or 
mutual repulfion of its particles. This, however, is 
different from the elafticity or mutual repulfion of the 
particles of air, becaufe it aCts at a diftance ; whereas 
the particles of air ad only on the adjoining panicles. 
By this conftitution, bodies containing more eleCtric 

fluid than the fpaces around them repel each other. 
The particles of this eleCtric fluid attraCt the particles 

of other bodies with a force which diminifhes by diftance. 
The charaCteriftic ingredient of this fluid is electri¬ 

city properly fo called. This is united with the elaftic 
fluid by chemical affinity, which Mr RufTel calls elective 
attraction, a term introduced into chemiftry by Dr Cullen 
and Dr Black. This extends to all diftances, but not pre- 
cifely by the fame law as the mutual repulfion of the par¬ 
ticles of the other fluid, and in general, it repreffes the 
repulfions of that fluid while in this ftate of compofition. 
This electricity, moreover, attrads the particles of other 
bodies, but with certain eledions. Non-eledric or con¬ 
ducting bodies are attraded by it at all diftances, but 
dedrics aCt on it only at very fmall and infenfible dif¬ 
tances. At fuch diftances its particles alfo attrad each 

other. * 
By this conftitution, the compound eledric fluid 

repels its own particles at all confiderable diftances, but 
attrads at very fmall diftances. It attrads conducting 
bodies at all diftances, but non-condudors only at very 
fmall diftances. The phenomena of light and heat are 
confidered as marks of partial decompofition, and as 
proofs of the prefence of elementary fire in the com¬ 
pound : the fmell peculiar to eleCtricity, and the effeCt 
on the organ of tafte, are proofs of decompofition and 
of the complex nature of the fluid. 

Bodies (conductors) containing eledric fluid, repel 
each other at confiderable diftances, but, if forced very 
near, attrad each other. Eledrics can contain it only 

in confequence of the eleCtricity in the compound. Part 
of this eleCtricity muft be attached to the furface in a 
non-elaftic ftate ; becaufe when it is brought fo near as 
to be attracted, its particles are within the fpheres of 
each other’s aCtion, and this redoubled attradion over¬ 
comes the repulfion occafioned, by its union with the 
other ingredient ; and the eledric fluid is partly de¬ 
composed, and the eleCtricity, properly lo called,- adheres 
to the furface of the eleCtric, as the water of damp air 
adheres to a cold pane of glafs in our windows. Alfo, 
by this conftitution, eleCtric fluid may appear in two 
ftates; elaftic, like air, when entire; and unelaftic, like 
water, when partly decompofed by the attraction ot 

eleCtrics. 
EleCtricity may be forced into this unelaftic union by 

various means; by friCtion, which forces the eleCtric 
fluid contained in the air into clofe contad, and thus 
occafions this decompofition of the fluid and the union of 
its eleCtricity with the furface. This operation is com¬ 
pared by Mr RufTel to the forcible wetting of fome 
powders, fuch as lycoperdon, which cannot be wetted 
without fome difficulty and mechanical compreffion ; 
after which it adheres to water ftrongly. It may be 
thus united in fome natural operations, as is obferved 
in the melting and freezing of fome fubftances in con- 
tad with eledrics; and it may be thus forced into 
union by means of metallic coatings, into which the 
eleCtric fluid is forced by an artful employment of its 
mutual repulfions. This operation is compared to^he 
condeufation of the moifture of damp air by a cold pane 
of the window; and the evacuation of the other fide of 
the coated pane is compared to the evaporation of the 
moifture from the other fide of the window, pane in 

confequence of the heat which muft emerge from the 
condenfed vapour. We find in the Profeffor’s notes 
above-mentioned many fuch partial analogies, employed 
to (hew the ftudents that fuch things are feen in the ope¬ 

rations of Nature, and that his conjedure merits at¬ 

tention. 
The intelligent reader will fee that the general re- *" 

fults of this conftitution of the eledric fluid will tally 
pretty well with the ordinary eledrical phenomena ; 
and, accordingly, this conjecture was received with great 
fatisfadion. We remember the being much pleafed 
with it, as we heard it applied by Mr Ruffel’s pupils,, 
many of whom will recoiled what is here put on re¬ 
cord. But the attentive reader will alfo fee, that all 
this intricate combination of different kinds of attrac¬ 
tion and repulfion is nothing but mere accommodations, 
of hypothetical forces to the phenomena. How in¬ 
comparably more beautiful is the fimple hypothefis of 
./Epinus, which, without any fuch accommodations 
tallies fo precifely with all the phenomena that have yet 
been obferved ? Here no diitindion of adion is necef- 
fary, and all the varieties are confequences of a circum- 
llance perfedly agreeable to general laws; namely, that > 
the internal llrudure of fome fubftances may be fuch as 
obftruds the motion of the eledric fluid through the 

pores—Nothing is more likely. 

Several years after the death of the Scotch Pro- Hypothefis 

feffor in 1773, a theory very much refembliug thiscf jytr dt 

acquired great authority, being propofed to the phi-I,uc. 
lofophers by the celebrated naturalift Mr de Luc. This 
gentleman having long cultivated the ftudy of me¬ 

teorology with unwearied affiduity and great fuccefs, 
and 
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and having been fo familiarly converfant with expanfive 
fluids, and the affinities of their compounds, was dilpo- 
fed to fee their operations in almoft all the changes on 
the furface of this globe. Electricity was too bufy 
an ador in our atmofphere to eicape his particular no¬ 
tice. While the mechanical philofophers endeavoured 
to explain its effeds by accelerating forces attracting 
and repelling, Mr de Luc endeavoured to explain them 

by means of the expaulive properties of aeriform fluids 
and gafes, and by their chemical affinities, compofitions, 
and decompofitions. He had formed to himfelf a pe¬ 
culiar opinion concerning the conftitution of our atmo¬ 

fphere, and had explained the condenfation of moiflure, 
whether of fteam or of damp aeriform fluids, in a way 
much more refined than the limple theory of Dr 
Hooke, viz. folution in air. He confiders the com¬ 
pound of air and fire as ihe carrier of the water held in 
folution in damp air, and the fire as the general carrier 
of both the air and the moiflure. Even fire is confider- 
ed by him as a vapour, of which light is the carrier. 
When this damp air or fleam is applied to a cold furface, 
fuch as that of a glafs pane, it is decompofed. The wa¬ 
ter is attraded by the pane by chemical affinity, and at¬ 
taches itfelf to the furface. The fire, thus fet at liberty, 
ads on the pane in another way, producing the equili¬ 
brium of temperature, and the expanfion of the pane. 
Ading in the fame manner on the moiflure which chances 
to adhere to the other fide, in a proportion fuited to its 
temperature, it deflroys their union, enters into chemi¬ 
cal combination with the moiflure, and fits it for uni¬ 
ting with the air on the other fide, or carries it off. 

Having read Mr Volta’s theory of eleftric influences, by 
which that philofopher was enabled to give a fcientific 
narration and arrangement of the phenomena of t\\z.elec¬ 
trophones newly invented by himfelf, and which is called 
an explanation of thofe phenomena, Mr de Luc ima¬ 
gined that he faw a clofe analogy between thofe w- 

Jluences on the plates of the eledrophorus and the hy- 
grofcopic phenomena of the condenfation and evapora¬ 
tion ot moiflure. In fhort, he was flruck with the re- 
femblance between the condenfation of moiflure on one 
fide of a glafs pane, and its evaporation from the other; 
and the accumulation of eledric fluid on one fide of a 
coated pane, and the abflradion of it from the other. 
Subfequent examination pointed out to him the fame 
analogy between all other hygrofcopic and eleftric pheno¬ 
mena. 

He therefore immediately formed a fimilar opinion 
concerning the eledric operations. It may be expreffed 
briefly as follows : 

2*9. The eledrical phenomena are the operations of an 
expanfive fubflance, called the eleftric fluid. This con- 
fifls of two parts; 1. Eleftric matter, which is the gra¬ 
vitating part of the compound ; and cleftric deferentfluids 
or carrying fluid, by which alone the eledric matter 
feems to be carried from one body to another. The 

refemblance between the hygrofcopic and eledrical phe- 
* See nomena are affirmed to be *. 
fur la Me. T As watery vapour or fleam is compofed of fire, 

$l66?&c. deferent fluid, and water, the gravitating part, fo 
eleftric fluid is compofed of the eleftric deferent fluid, and 
eleftric matter. 

2. As vapours are partly decompofed when too denfe 
for their temperature, and then their deferent fluid be¬ 

comes free, and ihews itfelf as flre; fo eleftric fluid 
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that is too denfe is decompofed, and its deferent fluid 
maiiifefls itfelf in the phofphoric and fiery phenomena of 
eleftricity. 

3. As flre quits the water of vapour, to unite itfelf 
with a body lefs warm ; fo the eleftric deferent quits the 
eleftric matter, in part, to go to other bodies which have 
proportionally Ids of it. 

In this analogy, however, there is a diftindion. Fire, 
m quitting the water in vapour, remains aduated by 
nothing but its expanfive force ; remains free, and ex¬ 
tends itfelf till the equilibrium of*temperature is reflo- 
red ; but the eleftric deferent, when difengaged from 
eleftric matter, in order to rdlore its peculiar equilibrium, 
is .aduated by tendencies to diflind bodies, and ads by 
this tendency in thus reflorfng the eleftric equilibrium; 
and it is only in confequence of this tendency that it 
quitted the eleftric matter. This tendency is then dired- 
ed to fome body in the vicinity. 

4. As ihe flre of vapour pervades all bodies, to re- 
ftore the equilibrium of temperature, depofiting the water ; 
fo the eleftric deferent quits the eleftric matter, to reflore 
the eleftric equilibrium in an inllant, and for this pur- 
pofe pervades .all bodies, depofiting on them the eleftric 
matter which it carried, but differently, according to 
their natures. 

5. As^rf and water, while compofing vapour, retain 
their tendencies and affinities by which they produce the 

hygrofcopic phenomena ; fo the ingredients of the eleftric 
fluid, even in their ftate of union, retain their tendencies 
and affinities, which produce the greatefl part of the 
eleftric phenomena. 

6. In particular, the eleftric matter retains its tendencies 
and affinities ; and farther, the eleftric affinities are, like 
the hygrofcopic, without any choice. 

Here, however, there is a farther diftindion. The 
affinities of water reiped only hygrofcopic Jubilances ; 
but thofe of eleftric matter refped all iubftances, and 
therefore refped the common atmofpheric fluids, 

7. When/n> quits the water of vapour, to form the 
equilibrium of temperature, it remains in the place where 
vapour moil abounds, but is partly latent, not exerting 
its powers ; fo in the relloration of the equilibrium of 
the. eleftric deferent among neighbouring bp dies, thofe 

which have proportionally moil eleftric matter alfo retain 
moil deferent fluid, but in a latent ftate. 

8. As two maffes of vapour may be in expanfive equU 
librium (which others call balancing each others elalli- 
city), although the vapours contain very different pro¬ 
portions offlre and water ; fo two maffes of eleftricfluid 
may be in expanfive equilibrium, although one contains 
much more eleftric mailer in the fame bulk, provided 
that the eleftric deferent be alfo more copious. 

. The chief diftindion that mingles with thefe analo¬ 
gies is, that the affinity of water to hygrofcepic fub- 
ftances operates only in contad, whereas eleftric matter 
tends to diftant bodies ; and thefe diilances are very dif¬ 
ferent in regard to different bodies. 

Such is the refemblance which has appeared fo ftrong 
to Mr de Luc. It is evidently the fame which furnifh- 
ed the conjedure to Mr Ruffel, and which he confider- 
ed mechanically, in order to explain the phenomena of 

eledric motions to ftudents of mechanical philofophy. 
The only refemblance feems to us to appear in the coni 
denfation of moiflure contained in damp air. 

Mr de Luc, led by the habits of jjis former ftudies,, 
attempts 
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attempts to explain every thing by the relations which 
were moll familiar to him, affinities and expanfive forces. 
Let us attend a little to the manner in which he ex¬ 
plains one or two of the mod general facts. 

i. "The conditions of conduBors and non-conduBors. 
33c* This diftinction depends on the differences in the ten¬ 

dency to diftant bodies: theie are great differences in 
thefe diftances according to the nature of the bodies; 
and from this arife great differences of phenomena, in^ 
dependent of infulation or non-infulation, which are 
only the fenfible di-flinctions of thefe claffes of bodies. 

EleBric matter tends to condu&ors at great diftances ; 
but having reached them it docs not adhere, and re¬ 
mains free to move round them, being dragged by the 
deferent fluid ; but its tendency to non-conduBors is only 
at fmall and infenfible diftances; and having come into 

^contact, it adheres, and can no longer be dragged by 
the deferent fluid. 

■Hence the operation of conduBors and non-conduBors ; 
and there is no other foundation for the notion of idio- 
eleBrics and non-ehBries, or defines by communication. 
A part of a non-conduBor takes as much eleBric matter 
as it can from the fubftance furnifhing it ; but cannot 
communicate it to another part, except very flowly ; 
therefore, to communicate it to the whole furface, we 
rnuft cover it with a condu&or (Surely this is a dif¬ 
tinction in the body, independent of the diftance of mu¬ 
tual tendency !). 

Hence, too, the property of non-conduBors by which 
the electric fluid is benumbed (engourdi) or cramped ; 
therefore we can accumulate a great deal in them ; and 
it will remain long, being benumbed ; and if it be deter¬ 
mined to quit them at once, the current will be much 
more denfe than when quitting an equal conducting 
furface. 

Since conduBors do not fix the eleBric fluid, it mufl 
circulate round them. It is urged to this motion by its 
expanfive power, by which it would difperfe from a body 
with inconceivable velocity, and perhaps the rapidity of 
its motion would decompofe it, and caufe fome light to 
emerge ; but it is at the fame time impelled by its ten¬ 
dency to bodies. Thus, by thefe two forces, it runs to 
a conduBing $oely, and mufl circulate round it as the 
planets do round the fun. In this circulation, if it 
come to any great projection, it cannot follow the out¬ 
line, becaufe fo abrupt ; it therefore flies off at all 
points and protuberances. It will be the more diffi¬ 
cult to keep to an abrupt outline as the ftratum in cir¬ 
culation is more copious or deeper, becaufe a greater 
mafs is with greater difficulty turned round a fharp angle. 
It is more inclined to efcape if another body be near, 
and it immediately becomes a fatellite to that body. 

# Thus all bodies get a fhare of electric fluid, circula¬ 
ting round conductors, and benumbed or cramped in non¬ 
conduBors. Bodies of this laft clafs receive their por¬ 
tion by the air as hygrofcopic fubflances receive their 
water by the fire. 

All the differences in the tendencies to bodies pro¬ 
ceed from the eleBric matter. The deferent fluid follows 
other laws 5 namely, 1. Its tendency to all fubflances 
is greater than that of the eleBric matter to any one. 
"l.. *1 he tendency (and alfo that of the eleBric matter} 
is always from the body which contains mo ft of it to 
that which contains leaft. 3. The body which contains 

moft of the one alfo contains moft of the other. 4. 
The deferent fiuid lias a particular affinity (chemical) 
with the eleBric matter. 5. All thefe tendencies are lef- 
fened by an increafe of diftance. 6. The eleBric matter, 

when compofing eleBric fluid, has more or lefs expanfive 

force as it is united to more or lefs deferent fiuid. 

Explanation of Charged Plates. 

Mr de Luc fays (§ 286.), that his System was fug- 
gefted by Volta’s Theory of EleBric Influences. Thefe 
(fays he) had been pretty well generalifed before, but 
with little improvement to the feience, till Mr Volta dif- 
covered a circnmftance which, in his opinion, connected 
by a general theory many phenomena which had formerly 
no obferved relation to any thing. This was, that when 
a body eleBrified pofitively brings a neighbouring body com¬ 
municating with the ground into the negative fate, its own 
pofitive eleBricity is weakened while it remains in that neigh¬ 
bourhood, but is recovered when the other body is remo¬ 
ved. “ Such is the diftinguifhing law of Mr Volta’s 
theory, which brings all the phenomena of electric in¬ 
fluences under his theory, beginning with thofe of coat¬ 
ed glafs, which were formerly fo obfeure, becaufe they 
were not referred to their true caufe, See. 

“ My System (Mr de Luc fays) concerning the 
nature of the eleBric fiuid explains the laws of Mr Vol¬ 
ta’s theory ; and of confequence explains, like it, all 
the phenomena which it comprehends : but it reaches 
much farther, feeing that more general laws compre¬ 
hend a greater number of phenomena. 

“In the phenomena of coated glafs, I plainly faw 
one of the procedures of watery vapour. Suppofe a 
glafs pane, moiftened on both lides, and having the 
temperature of the furrounding bodies. Suppofe that 
warmer vapour comes to one fide. It is condenfed on 
the furface ; that is, it io decompofed, the water ad¬ 
heres to the furface, and the fire penetrates the glafs, 
heats it, and increafes the evaporation from the other 
fide, by entering into combination with the water, and 
carrying it off with it. More vapour is condenfed on 
the fide A ; more fire reaches the fide B, and carries 
off more water. But as this happens only becaufe the 

fire alfo raifes the temperature of the pane, it is evident 
that the condenfation on the fide A, and the evapora¬ 
tion from B, muff gradually flacken, and the maximum 
of accumulation in A, and of evaporation from B, will 

take place when the temperature of the pane is the 
fame with that of the hot vapour. 

“ The electrical phenomena of coated glafs are per¬ 
fectly fimilar. The eleBric fiuid reaches the fide A, is 
decompofed, and the eleBric matter is there benumbed 

and fixed. The deferent fiuid penetrates the pane, and 
carries off the eleBric matter from the fide B. This 
goes on, but flackens; and the maximum of accumula¬ 
tion and evacuation obtains when the fide A lias ac¬ 
quired the fame intenlity of electricity with the char¬ 

ing machine. More is accumulated in A than is ab¬ 
raded from B ; becaufe B is farther from the fource 

(he might have added, that part of the fire is expend¬ 
ed in raifing the temperature of the pane) : but the 
accumulation is inactive, becaufe the eleBric matter is 
benumbed and fixed. Though the eleBric matter is 
much diminifhed in B, yet the eleBric fiuid in its coat¬ 
ing has as much expanfive force as that of the ground ; 

becaufe 
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kecaufe it has a furplus of deferent fluid. The abfolilte 
quantity of eledric matter in both Tides is fomewhat aug¬ 
mented."” 

132. This explanation of the Leyden phial comprehends 
the whole of Mrde Luc's theory; and the conftitution 
of the electric fluid, and its various affinities, expanflve 
powers and tendencies, are all affigned to it in fubfer- 
viency to this explanation, or deduced from thole phe¬ 
nomena. As the author, m all his writings, claims fome 
fuperiority over other naturalifts for more general and 

comprehenfive views, and for more fcrupulous attention 
to precifion and meafurement, and particularly for more 
folicitude that no natural agent be omitted that has any 
ihare in the procedure—he furely will not be offended, 
although we fhould {late iuch difficulties and objedions 
as occur to us in the conlideration of this System (as 
he choofes to call it) of eledricity. 

We wifh that it had been expreffed in the plain and 
precife language of mechanical and chemical fcience; for 
he reafons entirely from the nature of expanflve forces, 
tendencies, and affinities. His language will appear to 
fome readers, as it does to us, rather to exprefs the con- 
dud of intelligent beings, ading with choice, and for a 
purpofe, than the laws of lifelefs matter. His account 
would have been lefs agreeable, it is true, but more in- 
flrudive, and lefs apt to be miflaken. Metaphorical 
language is feldom ufed without the rifk of metaphori¬ 
cal conceptions ; and the reader is very apt to think 
that he has acquired a notion of the fubjed, while he 
is really thinking of a thing of a different nature. We 

apprehend that a great deal of this happens in this in- 
fiance, and that when the narration is liripped of its fi¬ 
gurative language, it will be found without that con- 
nedion and analogy which it feems to poffefs. 

We alfo wifh that the explanation had been derived 
from fome well-eftablifhed principle. The whole of it 
is profejfedly founded on a refemblance between the 
phenomena of eledricity, and fome things faid of wa¬ 
tery vapour; but thefe are not the phenomena of wa¬ 
tery vapour, but Mr de Luc's hypothecs (he will par¬ 
don us the term, which we prefer to fyflem) concern¬ 
ing watery vapours. We do not think it philofophi- 
cal to explain one hypothefis by another. Our illuf- 
ttious countrymen, Bacon and Newton, difapproved of 
this pradice; and their rules of philofophiflng have flill 
currency among philofophers. Explanation, in our opi¬ 
nion, is the pointing out fome acknowledged general 
fad in nature, and fhewing that the particular pheno¬ 
menon is an example of it. We do not fee this jn Mr 
do Luc's explanation ; becaufe we do not fee the fads, 
m the cafe of watery vapours to which the phenomena 
of eledricity are faid to have a refemblance. The phe¬ 
nomena we mean are chiefly the motions, and the transfe¬ 
rences of the powers producing fuch motions; we do 
not fpeak of the light, and fome other phenomena, be¬ 
caufe Mr de Luc does not fpeak of them in this ex¬ 
planation. We fhall even admit the transference as a 
phenomenon, although we do not fee any fubftance trans¬ 
ferred: but we fee a power of producing certain-mo¬ 
tions where that power did not formerly appear; and 
the appearance of this power is all the authority addu¬ 
ced, even by Mr de Luc, for the transference. We mufh 

(a) We may here afk, How comes-there to be fuch a 
Benumbed? or in what Hate is it? 
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now add, that the eledric phenomena, which Mrde Luc 
calls like the phenomena of watery vapour, are all fup- 
pofitions; and that therefore the explanation is a fyflem 
of fuppofitions, framed fo as to be like the fyflem oF 
watery vapour. For Mr de Luc will grant, that, on 
the one hand, we fee nothing like the water in the elec¬ 
tric phenomena ; and, on the other hand, there is no¬ 
thing in watery vapour like the motions of the eledro- 
meters, which are the only phenomena from which Mr 
de Luc profeffes to reafon. 

We alfo fear that the very curious experiments of 
Count Rumford on the melting of ice, and the propa¬ 
gation of heat through liquids, will oblige Mr de Luc 

to change the talks of the ingredients, both of vapour 
and of eledric fluid. Watery and not fire, feems to be 
the carrier or deferent fluid; and we think that Frank¬ 
lin and uEpinus have made it highly probable that elec¬ 
tricity, and not air, is the carrier. 

W^e have alfo great difficulty in conceiving (indeed 
we cannot conceive) how the deferent fluid, from which 
the eledric matter has been detached by its fuperior af¬ 

finity with the fide A, can overcome the fame fuperior 
affinity of the eledric matter with the fide B(a), and car- 
ry it off; how. the deferent fluid penetrates the non-con- 
duding pane, in order to carry off the eledric matter in 
the form of fluid; and how it cannot do this, except 

by means of a conduding canal, into which it is expreff- 
ly faid that it does not penetrate. It mu ft not he faid that 
it runs along the furface of this canal: for the fmalleft 
wire will be a fufficient condudor, covered a foot thick 
with fealing wax. This indeed, according to Mr de 

Luc, allows the deferent fluid to pafs; but it muft alfo, 
according to him, ftrain it pretty clear of all eledric mat¬ 
ter. For we cannot help thinking, that the procefs 

(although purely ideal) has a clofer refemblance to what 
we fhould obferve in a ftream of muddy water poured 
on a ftrainer, both fldes of which are previoufly foul. 
If we were dffpofed to amufe ourfelves with a figura¬ 
tive hypothefis, we could give- one on the principle of 
filtration that is very pretty, and pat to the purpofe, of 

glafs coated, and charged and difdiarged by conduding^ 
canals. 

With refped to the fiiggeftion of this theory by Vol¬ 
ta’s theory of eledric influences, and the ignorance of 
naturalifts before that time of the true ftate of tilings,, 
we muft obferve, that Mr Ruffel propofed the fame 
analogy to the conlideration of his hearers many years 
before ; and it was very generally known. The elec¬ 
tric influences had been fully detailed by iEpinus and’ 

Wilcke in 1759, and applied with peculiar addrefs and 
force of evidence by Mr Cavendilh before 1771 ; and 
they were defcribed nearly in the fame way by Lane,, 
Lichtenberg, and others.. 

And with refped to Mr Volta'S general principle,, 
which Mr de Luc prizes fo highly, and by which lie 
explains every thing, we mull obferve, that it is not true 
as a phenomenon in eledricity ; but, on the contrary, the 

pofitive Jlate of a body is renderedflranger, or more remark¬ 
able, by inducing the negative fate on a neighbouring body. 
See n° 32*. and 66,—Mr Volta was milled by the appear¬ 

ances of the eledrophorus, which had engaged all his 
attention,, and modelled all his notions on thefe fubjeda. 

__ His* 

quantity of eledric matter already lodged in B ?_Ig.ik 
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His obfervations had been confined to dilks; and though 
thefe are excellent inftruments for producing very fen- 
fible effe&s, they are quite unfit for examining the ge¬ 
neral nature of ele&ric influences. Even without much 
knowledge of dynamics, a perfon mufl perceive that the 
a&ion of their different parts on the ele&rometer may 
be very different, by reafon of their different pofitions 

and diftaaces from it. Befidcs, the ele&rometers of the 
apparatus deferibed by Mr de Luc in fe£t. 440. &c. did 
not indicate the real condition of the dilks to which they 
were attached, but the condition of the remote ends of 
overcharged condu&ors of confiderable length. There¬ 
fore, although all the ele&rometers fell lower when the 
other group of difks was brought near, the pofitive 

ftate of the neareft difk was greatly augmented. The 
moil unexceptionable apparatus for this purpofe would 
be a row of poll filed balls on infulating (lands, placed 
in contadl, the whole charged pofitive ; and when ano¬ 
ther fuch group, or a long body, is brought near, let 
the balls be feparated at once, and examined apart by 
a very fmall ele&rometer, made in the form of our fi¬ 

gure 8. We prefume to fay that, if the other group 
is properly managed, and made to communicate tho¬ 
roughly with the ground, the pofitive ele&ricity of the 
balls neareft to it will be found greatly augmented, and 
that every one of them will be found in that precife 
Hate of electrification that is pointed out by the iEpi- 
mian theory. Mi de Luc has made and narrated the 
experiments with the dilks, and the curious figures ob- 
ferved by Liclitenbergb, with great judgment and fi¬ 

delity ; and they are claffical and valuable experiments 
for the examination of the theory. We may here men¬ 
tion a very neat way of executing the apparatus of bails, 
which was pra&ifed by a young friend, who was fo 
kind as to make the experiments for us, when our 
thoughts were turned to Mr de Luc’s theory. Each 
ball was mounted on a (lender glafs rod varuifiied. The 
lower end of the (talk was fixed in a little block of 
wood which had a fquare hoh through it, by which it 
Hided fteadily along a horizontal bar of mahogany, 1 up- 
ported at the ends about an inch from the table. The 
balls were made to feparate at once, and equally, from 
each other, by a chequer-jointed frame, fuch as is feen 
in the toy (hops, carrying a company of foot ioldiers, 
who open and clofe their ranks and files by pulling or 
pufhing the ends of the frame. Taking out the pins of 
the middle joints of this chequered (rame-work, and 
widening the holes for receiving the glafs (talks, it is 
plain that all the balls will feparate at once, in the very 
date of ele&ricity in which they were when in the 
neighbourhood of the non-infulated group. This ap¬ 
paratus confided of, fix balls. We found the ball next 
the other group much more ftrorigly pofitive than be¬ 
fore bringing that group near; and it was generally the 
third ball which feemed equally ele&ric in both dura¬ 
tions. We added nine bulls more, connecting the whole 
by a fimilar contrivance ; and found it a mod inftruc- 
tive apparatus for the theory of the didributiou of the 
ele&rie fluid. We wifh that it had occurred to us when 
the n° 62, &c. were under confideration. 

With refpe<d to the condition in which the eleftric 
matter is faid to be lodged in the fide A of the coated 
pane, where Mr de Luc fays that it is fixed, engourdi, 
in the non-conducing furface (which condition Mr de Luc 

eonfiders as charadteriftic of fuch fubdanccs), we mud 

fay that the defeription of its (late is by no means agree¬ 
able to what we have obierved. The powers of this 
eleCric matter are no more benumbed or enervated (it is a 
very unphilofophical phrafe), than if it were in a con¬ 
ducing body at the fame didance from the oppofite coat¬ 
ing. If coatings be applied to a block of glafs of two 
or three inches in thicknefs, and if the electrification be 
fo moderate that it would not fly from the one co> ing 
to the other when the glafs is removed-—no fenfible dif¬ 
ference will be found between the ele&ricity of the 
two coatings with or without the glafs. The eledlric 
matter in the (ide A has not its powers engourdi; they 
are balanced by the powers of the fide B. 

But how will Mr de Luc explain the charging a pane 
negatively? How will ►c bring off a quantity of eledric 
mattery greater (according to his own account) than 
what will be benumbed on the other fide ? Nay, we muff 
a(k, where does he find it ? Is there a quantity already 

benumbed there ? What is to revive it ? 
Let us now confider a little the conflitution of the 

ingredients of this eledtric fluid, by which all thefe 
things are brought about. And in doing this, let 
us ban iff, when poflible, all figurative language ; and, 
in the precife and dry plirafeology of dynamics, let us 
(peak of the motion of (ingle particles of the electric 

Jluidy deferent jluidy and eleCric matter. By expanfive 
powery muff certainly be meant fuch a power as that by 
which air, gafes, inflamed gunpowder, (leam, and the 
like, enlarge their bulk, and which is clearly manifefted 
as a mechanical preffure, by burfting veffcls, impelling 
bullets or pidons, &c. as well as by the a&ual enlarge¬ 
ment of the bulk of the fluid. We have no other in¬ 
dications of its being a force; and therefore our notions 
of its mode of acting muff be derived folcly from wliat 
wtc underjland of this power in air or the other fluids. 
Newton’s Prtncipia are our authority for faying that all 

that we know of it is, that it acts as a number of cor- 
pufcles would act, wffich repel each other with a force 
inverfely proportional to their diffances; this action not 
extending beyond the adjoining corpufcle, not even to 
the fecund. We know a good deal of the propagation 
of preffure and progreffive motion through fuch a fluid, 
when it is confined in a. veil'd, or fyffem of veffels, of 
any form, and fome few fimple circumftanccs which 
take place in the elaffic undulations which may be ex¬ 
cited and propagated through it. Wc have but a very 
indifiinft notion of the motions which one mafs of fuch 
a fluid will produce in another mafs, when both are at 
liberty to expand. This is very indiffinCt; but we are 
certain that it will be like the motion of two maffes of 
air blown or driven againff each other. Now theie 
electric fluids, by their expanfive powers, muff a£l like 
thofe others with which we are more familiarly ac¬ 
quainted. And here we venture to fay, that the appear¬ 
ances in electricity are fo far from being like thefe, 
that we cannot imagine any thing more remarkably dif¬ 
ferent. We (hall mention but one thing. Every mark 
that we have for the prefence of eleCric fluid obliges its 
to grant, that in an overcharged body it is crowded in¬ 
to the external furface, fo that the quantity has little 
or no relation to the quantity of matter in any body, 
but merely to its furface. This is quite unlike air, or 
any other expanfive fluid, which is uniformly diftribu- 
ted through the whole fpace comprehended by the 

furface which bounds it. We never faw any thing 
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like (Ircams of this ekHrlcfluid, impelling or any way ad- 

ingon each other, except in the transference byfparks; 
and there it was indeed like the motions of air, for it was 
not electric fluid, nor electric matter, but ele drifted air. 

X,et us next confider the tendencies by which the re¬ 

lations of thefe expanlive fluids to other bodies are pro¬ 
duced, and the eledric motions are faid to be explained. 

We obferve that Mr de Luc avoids the ufe of the words 
attradion and repulfion, fo much employed'by the Bri- 
tifh philofophers. He confiders thefe tendencies as de¬ 
terminate impulfions, and adopts the dodrine of Le 

Sage of Geneva, who has not only laid Newton under 

great obligations, by a mechanical explanation of gra¬ 

vity, but has alfo explained expanAon, eladicity, che¬ 
mical affinity, and all IpeciAc tendencies, to the fatif- 
fadion of the mod eminent mathematicians. To fuch 
only Mr de Luc profeffes to addrefs himfelf. who are 
not contented with a doctrine which fuppofes bodies to 
ad where they are not. But, unfortunately, Mr le 
Sage has never obliged the world with this explanation. 

We are not molt eminent mathematicians ; but we are' 
able to prove, that Mr le Sage’s favourite theorem,'men¬ 
tioned by Mr de Luc in § 157, ij8, as demontlrated 
by Mr Prevolt, the editor of Lucrece Neutonien, is a 
complete derelidion of the Arft principles of Mr le 
Sage, and is alfo incompatible with mechanical laws. 
Mr de Luc fhould have given a demonftration of the 
theorem on which all his fy Item refted ; otherwife it is 
only reviving “ dixit philofophus, ergo verum." 

But let us fee what thefe tendencies perform. Mr 
de Luc fays, that the fluid, fetting out from a body by 

its expanAve power, would move in a ftraight line with 
'inconceivable velocity, and would immediately defert 
even this globe, were it not defleded by its tendency to 
other bodies. We do not fee whence this immenfe ve¬ 
locity is derived. But let it go off; it is defleded from 
its redilineal courfe by its tendency to fome conduding 
body, which it reaches, but cannot, nor does not enter; 

and therefore tnufl continually circulate round it, as the 
planets circulate round the fun, following its outline, if 
not too abrupt, but flying off from all points in the di- 
redion of the axis of the point, See. Here we are at 
home ; for this is a plain dynamical problem of central 
forces. All that we (hall fay on this head is, that Mr de 
Lnc has certainly not confidered the planetary motions 
with attention, when he hazarded this very comprehen- 
five propofition. If he will take the trouble to do this, 
he will fee that every part of it is inconflftent with the 
acknowledged laws of mechanifm, and that the motions 
are abfolutely impoffible. Befldes, we know that it 
will not fly off from a hundred points placed together, 
which is a ftill more abrupt line, if they do not projed 
beyond the brim of a pit in which they Hand ; yet this 
pit only makes the outline more abrupt. We farther 
believe, that no perfon can form to himfelf any diftiud 
notion of fuch circulations round every conduding bo¬ 
dy ; they will be more numerous, and infinitely more 
confufed and jarring, than all the vortices of Des Cartes. 
How can fuch motions take place round a bunch of 
brafs wire buried in fealing wax ? Yet he muff grant 
that they really happen there ; or what prevents the 

eledricfluid from being flrained clear of all eledric mat¬ 
ter in palling through the air ? 

We would alfo alk, why the tendency is always from 

the body containing mofl of the fluid to that containing leaf ? 
Suppi.. Vgl. I. Part II. 

It is not enough to fay that it is fo : this would only 
be contriving a thing to fuit a purpofe ; a rerfon fhould 
be giveu if we pretend to explain. Now the tendency 
to a diflant body is to t-he matter in that body, without 

any relation to the fluid in it, or in the body from 
which it came. 

On the whole, we cannot think this theory is any 
thing hut telling a jflory of ideal beings, in very figura¬ 

tive language, which gives it fome animation and inte- 

refl. The different affinities, tendencies, and powers, 
are only ways of expreffing certain fappofed events, and 

fuited to tliofe events : but it gives no explanation of 
the obferved mechanical phenomena of eledricity, fbewing 

from acknowledged principles that they inufl; be fo. 
What a difference between this laboured and intri¬ 

cate mechanifm, and the Ample, perfpicuous, and dif- 
tind theory of ^Epinus ! Even Mr Ruffel’s explana- 
tion is more intelligible, and more applicable to the 020- 
tions which are really obferved. That gentleman faw 
the neceffity of confidering them as the fubjeds of me- 

chanical dlfcuflion, and that all that was wanted was to 

And out what law of dillant adion would tally with the 
phenomena. The Scotch philofopher was careful to 
warn his hearers that he only propofed a conjedure. The 

Swede calls his performance Ttntamen Theorice, Scc. and 
begins and concludes it with exprefsly faying, that it is 
only a hypothefls. The Englifh nobleman calls his dif- 
fertation an Attempt to explain fome of the phenomena, 

&c. None of thefe philofophers call their works a sys¬ 

tem, which comprehends all theories, whether that of 
Volta or of any other fuccefsful inquirer. 

We hope to be excufed for treating fo largely of this 
fubjed. It ftruck us as a very proper example of the 

bad confequences of indulging in Agurative language. 
It muff be very feducing, when fo fcrupulous and°fo 

eminent a pjhilofopher as Mr de Luc is led aftray by it. 

We conclude this long article by obferving, that 

whatever may be the fate of Mr JEpinus’s hypothetical 
theory, his claffiAcation of the fads, and his precife de¬ 

termination of the mechanical phenomena to be expederf 
from any prqpofed Atuation and condition of the fub- 
llances, will ever remain, and be an unerring diredion 

in future experiments; and the whole is an jliuflxious 
fpecimen of ingenuity, addrefs, and good reasoning. 
We hope to make this flill more evident, when we ap¬ 
ply it to the quiet and manageable phenomena of Mag- 

NET1SM 

Pondere ei menfurd. 

APPENDIX; 

CONTAINING AN ABSTRACT OF MR COULOMB^ 

EXPERIMENTS. 

Mr Coulomb in the Mem. de l9Acad, de Paris for 
1786, relates feveral experiments made for afeertaining 
the difpoAtion or diftribution of the eledric fluid in an 
overcharged body. Their general refults were, 

I. That the fluid is diftributed among bodies accord¬ 
ing to their Agure, without any eledive affinity to any 
kind of fubftance. 7 7 

For when a ball, or body of conduding matter, and 

of any fhape, is eledriAed to any particular degree, as 
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ELECTRICITY. 
indicated by his eledrometer, if it be touched by ano¬ 
ther equal and fimilar body, fimilarly fituated in refped 
of the touching points, the electricity is always reduced 

to 4- 
2. In an overcharged conducting body, the fluid clif- 

fufes itfelf entirely along the furface, without penetra¬ 
ting into the interior parts. 

The conducting body AB (fig. 57.) had pits a, b, 
&e, made in various parts of its furface. They were 
half an inch in diameter, and lome of them others 

-r^tlis, others -^ths, &c. in depth, c represents the 
edge of a fmall circle of gilt paper, ~th of an inch in 
diameter, fixed perpendicularly on the end of a fine 

thread of gum lac. The body was eiedrified and 
touched with this little eledrofeope, by fetting it flat 
down on the furface. The circle c was then preferred 

to an electrometer which moved 90 degrees by a force 
not exceeding ^Wth of a French grain. When this 

contact was made with the even furface of the con¬ 
ductor, it was flrongly electrified, and part icularly when 
it touched any eminence, or the ends of long cylinders, 
See, The paper being exceedingly thin, and placed in 
full contact, it may be fuppofed to bring off with it 
the quantity of fluid coirefponding to that part of the 
furface, or rather a greater quantity. But when it was 
made to touch the bottom, even of the lhalloweft of tliefe 
pits, it did not affed the eledrometer in the leaft. 

He demonflrates the following elementary theorem : 
The attraCfion or repulfion being fuppofed to be pro¬ 

portional to the inverfe of any power m of the diftance; 

that is, being as — : if m be greater than 3, the adion 

of all the maffes of fluid which are at a finite diftance is 
nothing in comparifon with the adion in contad ; and 
therefore the fluid muft be uniformly diffufed, in the 
fame way as if each particle adted only on the adjoining 

particles. 
But if m be lefs than 3, for example, if m be 2, as 

ieenis to he the cafe in eledricity, the adion of all the 
maffes at a finite diftance is not infinitely fmall in com- 
pavifon with the adion in contad, and the redundant 
fluid muft go toward the furface, and no redundant fluid 
will be retained in the interior parts. The demonftra- 

tion is to this effed. 
Let A<?BF (fig. 38.) be a perfediy conducing bo¬ 

dy of any fhape, and let d a e be a thin flice feparated 
from the reft by the plane de ; let dee be precifely 
equal and fimilar to d ae> and Itt a be be perpendicular 
to the feparating plane ; then the aCtion of all the par¬ 
ticles in the thin flice dae (when eftimated in the di¬ 
rection a b) on the particle b, muft balance the aCtion 
of all the reft of the fluid in the body ; for b is fuppo- 
fed to be at reft. Now, as the law of continuity will 
be obferved in any diftribution of the fluid, through the 
whole body, it is plain that, by taking ah fufficiently 
fmall, the difference of denfity at a and at c may be infi¬ 
nitely fmall ; therefore the adion of the fluid in daewA\ 
be infinitely near to an equilibrium with the adion of 
dee ; and the adiori of the fluid in the reft of the body 
on the particle b will be infinitely fmall. This cannot 
be, when the adion of a mafs of fluid at a finite diftance 
is not infinitely fmall in comparifon with the adion in 
contad, unlefs we fuppofe that the quantity of iluid at a 
finite diftance is alfo infinitely fmall, or nothing ; that 
is, unlefs the whole redundant fluid is conftipated on the 

furface, and the interior parts are merely faturated. 

The preceding propofitions arc quite analogous to 
propositions in Mr Cavendifit’s differtation in the Phi- 
lofophical Tranfadions for 1771. 

In the Memoirs of the fame Academy for 1787, Mr 

Coulomb endeavours to afeertain the denfity of the fluid 
in different bodies which touch each other. When the 
bodies do not differ extremely in magnitude, he deter¬ 
mines this by the immediate application of them to the 

electrometer ; but when one is extremely fmall in com¬ 
parifon with the other, he firft determines the force of 

the large body, and then touches it 20 or 40 times 
with the fmall one, till the force of the large body is 

reduced to t> t> &c* The general refult was, that 
when the furfnees of the fpheres had the proportion ex- 
preffedin the firft column of the following Table, then 
the denfity hi the fmall one had the proportion expref- 
fed by the numbers of the fecond column, and never at¬ 

tained the magnitude 2. 

1 . ..1 

4.1,08 
16.1,3 

64.1,65 
Infinite ..2 

This is extremely different from the proportions 
which obtain when the two fpheres communicate by 
very long (lender canals, which he found exactly con¬ 
formable to the determinations of the theory : blit in 

Mr Coulomb’s experiments the fpheres touched each 
other, and had no other communication. 

He then endeavours to afeertain the denfity of the 
fluid in the different parts of the furface of thcfe touch¬ 
ing fpheres, in order to obtain fome experimental know¬ 
ledge of the diftribution. He touched them (while in 
mutual contad) with the little paper circle, and exami¬ 
ned its eledricity by his eledrometcr, and made his cf- 
timation on the fnppofition that it brought off one-half 
of the eledricity of the touched part. 

When the globes were equal, he found the denfity 
to be o in the point of contad, and fcarcely fenfible 
till he took the paper 30 degrees from the point of 
contad. From this it increafed rapidly to 6o°; flow- 
ly from thence to 900; and from thence to 180° it was, 
almoft uniform. The denfities were nearly 

o .... at ... o° 

I 30 
4 . . . . — .... 60 

5 90 
6 . . . . — . . . . ibo 

He alfo found, that the more the globes differed in 
bulk, the more is the denfity changed in the fmall globe, 
and it is the more uniform in the great one, increafing 
rapidly from o, at the point of contad, to about 70, and 

beyond this being fenfibly uniform. 
Hence we may conclude, that the eledricity is dif¬ 

fufed with almoft perfed uniformity in a globe com¬ 
municating with another at a great diftance by a flen- 
der canal (as Mr Cavendifh has demonftrated) ; while, 
from the reafoning employed before, it is probable that 
it is alfo uniformly diffufed all along the canal ; and 
therefore, that the quantities in two fuch globes are very 
nearly as the diameters, and the denfuies inverfelyas the 
diameters, as Mr Cavendifh demonftrated, on the fup- 
pofition that the fluid in the canal is incompreffible. 

He found that a fmall globe, placed between two 
equally large ones, fhewed eledricities of the fame kind 

with that of the other two, when the radius of the 
great 
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ELECT 
great one was not more than five times that of the mid¬ 
dle one, but (hewed no eledricity when the difpropor- 
tion was greater. 

When three equal globes were in contact, the denfi- 

ty of fluid in the middle globe was-- of that of the 
* »3 4 

other two. A fmall globe being removed to a very 

fmall difiance from an overcharged great one, after ha¬ 
ving been in contafl, (hewed oppofite eledricity in the 
fronting point ; when a little farther off, it was neutral; 
and beyond this, it was overcharged- 

The diameters being n and 8, the fronting point of 
the fmall one was negative till the diftance was i ; 
here it was neutral, and when it was removed farther, it 
was pofitive. When the diameters were 11 and 4, the 
fmall globe was negative till their diftance was 2, where 
it was neutral. When the diameters were 11 and 2, the 
diftance which rendered the fmall globe neutral in the 
fronting point was 24-. 

All thefe fads are perfectly conformable to a mathe¬ 
matical dedudiou, from the fuppofition that the redun¬ 
dant fluid is fpread over the furface, and that the in¬ 
terior points are neutral. If any fort of doubt fhould 
remain in the minds of thofe who are not convcrfant in 
fuch difeuflions, it mu ft be greatly removed by the fad, 
that it is quite indifferent whether one or both globes 
be folid, or be an extremely thin (hell. 

When an eledrified body is touched with a long 
wire, and by another of equal diameter and length, 

coated to any thicknefs with lac or fealiug wax, the 

R I C I T 7. 
two wires take off precifely the fame quantity of elec¬ 

tricity. This was demonftrated by touching a globe re¬ 
peatedly till the eledricity was reduced to \ 

Hence we muft conclude, that the eledric fluid does 
not form adive atmofphfcres around bodies, by the 
ad ion of vvhofe particles in contad (mathematical or 
phyfical) the phenomena of attradion and repulfion are 

produced, but by tne adion of the fluid in tue body* 
agreeable to the theory of iEpinus. 

Such are the obfervations of Mr Coulomb. They 
are extremely valuable, becaufe they confirm in the 

completed; manner the legitimate confequences of the 
theory. 

We think that the materiality of that which is 
transferred from place to place in the exhibition of 

eledric phenomena, is greatly confirmed by feme obfer¬ 
vations of Mr Wilfon’s in the Pantheon. When a 
fpark was taken from the whole of the long wire ex¬ 

tended in that vaft theatre, the ieufation was fo different 
from a fpark which conveyed even a much greater 
quantity of fluid from a pretty large, but cornpad, fur- 

face, that they could hardly be compared. The lait uTas 
like the abrupt twitch with the point of a hooked pin, 
as if pulling off a point of the fkin ; the fpark from the 

long wire was more like the forcible piercing with a 
needle, not very (harp, breaking the fkin, and°pu(hing 

it inward. We had this account from the Doctor in 

converfation. He aferibed it, with feeming juttice, to 
the momentum acquired by the fluid accelerated alow*- 
that great extent of wire. 

6l 9 
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Xie&ricity, •Animal Electricity. See Galvanism, in this Sup- 
feledrome- plement. 

L ELECTROMETER, is an inftrument which mea- 
fures the quantity of eledricity in any eledrified body. 

The moft common eledrometers are deferibed in the 
article Electrxcity (Encycl.), n° 27, and 182—233. 
A very valuable one is likewife deferibed in n° 85. of 

the article Electricity in this volume ; but there are 
ftill two eledrometers, of which we have hitherto given 
no account, though they are of fuch value, that to pafs 
them unnoticed would be unpardonable. The firft, which 
is incomparably the moft accurate and delicate inftru- 
ment of the kind that we have feen, was invented by Mr 
Coulomb, and is adapted to afeertain the fmallell quan¬ 
tity of redundant eledricity. The fecond is a late in¬ 
vention of Mr Cuthbertfon, the ingenious improver of 
the air-pump, and is employed only to meafure the 
charge of large jars and batteries. 

Electrometer, by Air Coulomb of the Royal A- 
cademy of Sciences at Paris, deferibed in the Memoirs 
for 1785. 

Mr Coulomb had made fome experiments in exami¬ 
nation of Dr Hook’s theory of fprings “ lit teiifio fic 
T>is /” and found, that it was furpriiingly exad, in re- fard. to the force neceflary for twitting elaftic wires. 

laving fufpended a nicely turned metal cylinder by a 
fine wire in the diredion of its axis, and having given 

it feveral turns, and left it to regain its natural pofition, 
he obferved, that it performed all its revolutions of u*n- 
twifting and twitting in times precifely equal, whether 

thefe ofcillations were of a few degrees, or confided of 

E L E 

feveral revolutions. He thenqe concluded, that the Fl a 
force with which the wire endeavoured to regain its 
natural pofition was exadly proportional to its diftance '- 
from it. ^Engaged, foon after, by order from the Mi- 

nifter of Marine, in an examination of the phenomena 
of the mariner’s compafs, he took this method of Ap¬ 
pending his needles, in order to obtain exad meafures 
of the forces which caufed them to deviate from the 

magnetic meridian. He made fome obfervations with 
needles fo fufpended ; which are highly valuable to the 
philo fop her engaged in that ftudy. When his fuccefs 
in this refearch had fully gratified his wifiies, he turned 
his thoughts to the examination of the law of eledric 
adion by the help of an eledrometer fufpended in the 
fame manner. It is confiruded as follows : 

. -ABDC (fig. l.) reprelents a glafs cylinder, 12 Hate 
inches in diameter and in height. This is covered byx^v^* 
a glafs.plate fitted to it by a projeding fillet on the un¬ 
der furface. This cover is pierced with two round 
holes ot tth inches in diameter. One of them/is in, 
the centre, £nd it receives the lower end of the ^lai's 
tube//;, of 24 inches height, which is fixed in theliole 
with a cement made of fealing wax, or other eledric 

fubftance. The top of this tube receives the brails 
collar H (fig. 2. 11" 3.), bored truly cylindrical, and 
having a fmall flioulder, which refts on the top of the 

tube. This collar is fattened with cement, and receives the 
hollow cylinder <• (fig. 2. n° 2.), to which is joined the 
circular plate a b, divided on the edge into 360 degrees. 
It is alfo pierced with a round hole G in the centre, 

which receives the cylindrical pin i (fig. 2. n° 1having 
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Electronic- a milled head b, and an index # 0, whofe point is bent 

ter. down, fo as to mark the divifions on the circle ah. This 
--' pin turns ftiffly in the hole G, and the cylinder * 

turns fteadily in the collar H. To the lower end of the 
centre pin is faftened a little pincer q, formed like the 
end of a port-crayon, and tightened by the ring q> fo 
as to hold fall the fufpenfion wire, the lower end of 
which is grafped by a fur.ilar pincer P 0 (fig. 3. ), tighten¬ 
ed by the ring The lower end f 0 is cylindrical, and it 
is of fuch weight as to drain the wire perfedly ftraiglit, 
but without any rifk of breaking it. It may be made 

half of the weight that will juft break it. 
This pincer is enlarged at C, and pierced w ith a hole, 

which receives tightly the arm g C q of the electrome¬ 
ter. This is eight inches long, and confifts of a dry 
fdk thread, or (lender draw of fome grafs completely 
dried, and dipped in melted gum lac or fine fealing 
wax, and held upright before a clear fire, till it form 
a flender cylinder of about joth of an inch in diameter. 

This occupies fix of the eight inches, from g to q : 
the remaining two inches is a fine thread of the lac or 

fealing' wax, as it drains off in forming the arm. At a 
is a ball of pith of elder or fine cork, one-fourth or one- 
half of an inch in diameter, made very fmooth, and gilded. 
It is balanced by a vertical circle £ of paper, of large di- 

menfions, ftiffened with varnifh. The refiftance of the 
air to this plane foon checks the ofcillations of the arm. 

The whole is feen in its place in fig. I. where the 
arm hangs horizontally about the middle of the height 
of the great cylinder. In its ofcillations the ball a 
moves round in a circle, whofe centre is in the axis of 
the whole inftrument. Its fituation is indicated by a 
graduated circle Z O drawn on a (lip of paper, and 
adhering to the glafs with varnifti. The electrified bo¬ 
dy, whofe a&ion is to be obferved, is another fniall ball 
of cork /, alfo gilt, or a brafs ball well polilhcd. This 
is carried by a (talk of gum lac tn ?, inclofing a dry filk 
thread. This (talk is grafped by a clamp of cleft deal, 
or any fimilar contrivance which lies firm on the glafs 
cover. When this ball is let down through the hole 
m9 it (lands fo as to touch the ball a on the arm when 

that ball is oppofite 0 on the graduated circle. 
To eleClrify the bjill t, we employ the infulating 

handle, fig. 4. which is a (lender (lick of fealing wax or 
lac, holding a metal wire that carries a fmall polifhed 
metal ball. We touch with it fome ek&rified body, 

fuch as the prime eondu&or of a machine, the knob of 
ajar, &c. Introduce this ele&rified ball cautioufly in¬ 
to the hole m, and touch the ball t with it. The ball a 
is immediately repelled, and goes to a diftance, twilling 

the fufpenfiou-wire, till the force of twift exerted by the 
wire balances the mutual repulfion of the balls t and a. 

Such is the procefs for examining the law of elec¬ 

tric aCtion. But when we would examine the a&ion of 
different bodies in different Hates, another apparatus is 
wanted. This is reprefented by the piece c A d (fig. 
5.), confiding of a plug of fealing wax A, which fits 
tight into the hole m, and is pierced by the wire c d9 
hooked at c, to receive a wire connecting it occafionally 

with an electrified body, and having below a poliftied 
metal ball d. 

The inftrument is fitted for obfervation in the follow¬ 
ing manner: Turn the milled button b at top, till the 
twift-index t 0 is on the mark 0 of the twift circle. Then 

turn the whole in the collar H, till the ball a Hands 

oppofite to the mark 0 of the paper circle * OQ^ and at EieCtrome. 
the fame time touches the ball t or d. ter. 

The obfervation is made thus : The ball t is elec- 
trified as already faid, and a is repelled, and retires 

from t, twilling the wire, and, after a few ofcillations, 
fettles at a diftance correfponding to the repulfion. Now 
turn the twift-index, fo as to force the ball a nearer to 

t. We eftimate the force of this new repulfion by add¬ 
ing the motion of the twift-index to the angle at which 
the ball firft reded. By turning the twift-index Hill 

more, we bring the balls dill nearer, and have a mea- 
fure of another repulfion. —And thus may we obtain 
as many meafures as we pleafe. 

In this way Coulomb afeertained the relation be¬ 
tween the repulfion and the diftance to be the inverfe du¬ 

plicate ratio of the diftances. He difeovered the law 
of difiipation by air in contaCl, and the relation which 
this hears to the primitive repulfion, by obferving the 

gradual approach of a to t as the electricity difiipates 
from both, and by (lackening the twift-index till the 
ball a retires to its primitive diftance. He afeertained 

the difiipation along iniperfed conductors and the 
length neceffary for infulation, by completely infulating 
the ball t, and obferving the lofs by air in contaCl with 
it, and then Aiding a metal rod down the infulating 
ftalk, till the difiipation began to exceed what took 
place by the air alone. He examined the proportion 
of redundant fluid in communicating bodies, by con¬ 
necting them alternately with the piece, fig. 5. ; as alfo 
by eleClrifyingone ball, and obferving its repuliive force, 
and then (haring its eleCtricity with another, and ob¬ 
ferving the diminution. He examined the graduation 
of his cleCtrometer, by (haring the eleCtricity of one 
ball with an equal ball, which gave him the poiition 
that indicated one-half; and, by repeating this, for one- 
fourth, &c. in the fame manner as we praClifed and re¬ 
lated in Electricity (Suppl.), 110 141, &c. 

An example of one or two of tliofe trials will give a 
clear conception of the conclufions deduced from thefe 

obfervations. 
The ball t was introduced and eleCtrified ; a was re¬ 

pelled, and fettled at 40°; the index was twifted 140°, 
which brought a to 20 ; and the time was noted. The 
eleCtricity gradually difiipated, and a came nearer to /. 

The index was untwifted 30°, and a retired a little be¬ 
yond 20° ; but on waiting a few feconds, it (toed ex¬ 

actly at 20°. The time was again noted. The inter¬ 
val was exaCtly three minutes. The conclufion from the 

experiment was as follows : 
When the ball was brought to 20°, the repulfion was 

evidently 140 -T 20, or 160. Three minutes after¬ 
wards it was 2 10 + 20, or 1 30 ; and 3c0 were loft in 
three minutes, or io° per minute. The mean force was 
145. Therefore the mean, lofs per minute was 
Obferve alfo, that the primitive force correfponding to 
the diftance was 40 ; and the force correfponding to 

20 was 160, or inverfely as 20* to 402. 
But obferve, that the diftances were not meafured 

by the angles, but by the chord of the angles.* The 
obliquity of aClion mull alfo be accounted for ; and the 
real lever is lefs than the arm, in the proportion of ra¬ 

dius to the cofine of 4- the angle. 
The wire ufed by Coulomb in his firft experiments- 

on the law of aCtion was of fi*ch ftrength, that y-J^tk 

of a French grain, applied at the point a, held it faff 
till 
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Eie&rome-till the twifi index was turned 360°; To that one de- 

ter. gree correfponded to a grain. A foot of 

r_v this wire weighed ^th of a grain. Experience having 
fhewn that this was a fenlibility far exceeding what was 
ncceffary for the meafures that he had in view, and 
made the inflrument too delicate for common ufes, he 
fnbflituted much flronger and fhorter wires, and recom¬ 
mends much fmaller dimenfions for the whole inlhument. 
We have made two of only five inches in diameter and 
14 inches high ; the arm a g being 2 4 inches, and the 
fufpenfion a Tingle fibre of filk, carrying 30 grains. 

It is far more fenfible than Bennet’s gold leaf elec¬ 
trometer. The fame inflrument, with a lilver wire fuf¬ 
penfion, and a thread of lac projedfing from the end gy 

as an index to coincide more clofely with the fcalc, is 
Tufficiently nice for all experiments of meafurement. It 
is always proper to have the diameter of the cylinder 
double the length of the arm, that the adtion of the 
glafs may not diflurb the pofition of the arm. . It is 
greatly improved by having a round hole in the bottom 
of the inflrument, in which the cylinder C 0 of the 
lower pincer may hang freely : this prevents much tedi¬ 
ous ofcillation. For ordinary experiments, for meafur- 
ing charges of batteries, and the like, a much lefs deli¬ 
cate inflrument, with a fufpenfion-wire {trained at both 
ends, is abundantly delicate, and vaflly more manage¬ 
able. The wire fhould extend as far below the arm as 
above it, and fhould be grafped below, by a pincer turn¬ 
ing by a milled head in a hole at the end of a {lender 
fpring. This enables us to adjufl the inflrument fpeedi- 
lv. Having placed the twift-index at 0, turn this lower 
button gently till the ball a points exaClly to o on the 
paper circle. Even in this coarfefl {late we have found 
it more delicate, and much more exadt, than the electro¬ 

meter deferibed in Electricity (Suppl.), n° 85. which 
was much more cofily, and liable to accidents. Cou¬ 
lomb’s eledlrometer has the great advantage of wading 
very little dedlricity ; whereas Henly’s, or Brookes’s, 
or de Luc’s, wade it very fail when it is intenfe. 

We improved it greatly by taking away the appara¬ 
tus with the ball t, and fubftituting the piece, fig. 5. 
for it, after changing its condrudtion a little. Inilead 
of the wire c d, we ufed the fmallcd glafs tube that we 
could varnifh on the infide, by drawing through it a 
filk thread dipped in varnifh. Having varnifhed it with 
lac both within and without, a brafs ball d was fixed 
on its lower end, and a fine wire, with a ball at top, 
was put down into the tube, fo as to touch the ball be¬ 
low. When the plug was fitted into the hole m once 
for all, the fituation of the ball A differed no alteration. 
When delicate ‘experiments are to be made, the upper 
ball c is touched by the charger, fig. 4. which electrifies 

d. C is immediately drawn out with a glafs forceps ; 
and thus d is left completely infulated. When external 
cleClricity, fuch as the faint eleClricity of the atmo¬ 
sphere is to be examined, the wire is allowed to re¬ 
main in the tube.—N. B. A fcrupulous experimenter, 
who may obje& to the draining fpring recommended 

above, may fubditute a fmall weight, which will be con- 
ilant in its aCtion. 

The reader will obferve, that this ele&rometer, as 
hitherto managed, meafures only repulfions. It is not 
fo eafy to meafure attractions with it ; and Mr Cou¬ 
lomb was obliged to take a very circuitous method, du¬ 
ring which a great deal of ele&ricity was difiipated. 

In this refpect, the eledlrometer deferibed in the article 

Electricity (SuppL) lias the advantage ; but in every 

other refpedt, Mr Coulomb’s is the fined eledlrometer 
that has yet been publifhed, giving abfolute meafures, and 
this with great accuracy. T'he Hon. Mr Cavendifh 
lias employed the condrudlion in his mod valuable ex¬ 

periments on the force of gravity (Phil* Tranf. 1798, 
Part II.) ; an experiment which Newton would have 
been delighted with obferving. 

Cuthbertfon's Electrometer, is thus deferibed by 
himfelf in the lad number of the fecond volume of Ni- 

cholfon’s Philnfophical ‘Journal. GH (fig* 6.) is an 
oblong piece of wood, about 18 inches in length and fix 
in breadth, in which are fixed three glafs lupporters, 

D, E, F, mounted with brafs halls, a> c, b. Of thefe 
fupporters E and F are exactly of the lame length ; 
but D is four inches fliorter. Under the brafs ball a 
is a long brafs hook ; the ball c is made of two hemi- 
fpheres, the under one being fixed to the brafs mount¬ 
ing, and the upper turned with a groove to fhut upon 
it, fo that it can be taken od' at pleafure. The ball b 

has a brafs tube fixed to it, about three inches long', 
cemented on the top of F, and the fame ball has a hole 
at the top, of about one-half inch diamater, correfpond- 
ing with the infide of the tube. AB is a draight brafs 
wire, with a knife-edged centre in the middle, placed a 
little below the centre of gravity, and equally balanced 
with a hollow brafs ball at each end, the centre, or 

axis, reding upon a proper fliaped piece of brafs fixed 
in the infide of the ball c ; that fide of the hemifphere 

towards c is,cut open, to permit the end c A of the ba¬ 
lance to defeend till it touches the ball a, and the upper 
hemifphere C is alfo cut open to permit the end r B to 
afeend ; i is a weight, weighing a certain number of 
grains, and made in the form of a pin with a broad 

head ; the ball B has two holes, one at the top, and the 
other at the bottom ; the upper hole is fo wide, as to 
let the head cf the pin pafs through it, but to dop at 
the under one, with its {hank hanging freely in b ; k is 
a common Henley’s quadrant electrometer; and when hi 
ufe it is ferewed upon the top of c. 

It is evident, from the conllru&ion, that if the foot 
dand horizontal, and the ball B be made to touch l, it 
will remain in that pofition without the help of the 
weight i; and if it fhould by any means receive a very 
low charge of eleCtric fluid, the two balls b, B, will re¬ 
pel each other ; B will begin to afeend, and, on account 
of the centre of gravity being above the centre of mo¬ 
tion. the afeenfion will continue till A red upon a. If 
the balance be fet again horizontal, and the pin i be 
put into its place in B, it will caufe B to red upon 
with a prefiure equal to that weight, fo that more elec¬ 
tric fluid mud be communicated than formerly before 
the balls will feparate ; ar-d as the weight in B is increa- 
fed or diminifhed, a greater or lefs quantity of ele&ric 
fluid will be required to effeCt a feparation. 

When this inflrument is to be applied to a jar, or 
battery, one end of a wire L mud be inferted into a 
hole in b> and the other end into a hole of any ball pro¬ 
ceeding from the infide of a battery, as M. A chain,, 

or wire, or any body through which the charge is to 
-pafs, mud be hung to the hook at m> and carried from 

thence to the outfide of the battery, as is reprefented 
by the line N. k mud be ferewed upon c> with its in¬ 
dex towards A. The reafon of this inflrument being 
added, is to fliew, by-the index continuing to rife, that 

the charge of the battery is increafing, becaufe the 

other 
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EWlrome- other part of the inflrument does not acl till the battery 
u r has received its required charge. 

It is almoft needlefs to obferve that this inflrument 
confifts of three electrometers, viz. Henley's eledrorne- 
ter, Lane's difcliarging eledrometer confiderably im¬ 
proved, and Brookes's fled yard electrometer improved 
likewife. By this combination and thcfe improvements, 

we pofiefs all that can be required in an" electrometer 
for batteries and large jars ; for, by /*, we fee the pro- 
grefs of the charge ; by the feparation of B b, we have 
the repulfive power in weight; -and by the ball A, the 
difeharge is caufed when the charge has acquired the 
flrength propofed. 

In the journal from which this abftraCl is taken, the 
reader will find fome curious experiments made with 

batteries by means of this eleCtrometer ; but one will 
be fumcient to explain its ufe. Prepare the eleCtro- 
meter in the menner fhewn in the figure, with the jar 
M annexed, which contains about 16S fquare inches of 
coating. Take out the pin in B, and obferve whether 
the ball B will remain at refl upon b; if not, turn 
the adjlifting ferew at C till it juft remains upon A. 
Put into B the pin, marked/', weighing 15 grains; 
take two inches of watch-pendulum wire, fix to each 
end a pair of fpring tongs, as is reprefented at G m, 
book one end to m, and the other to the wire N, com¬ 
municating with the outfide of the jar; let the uncoat¬ 
ed part of the jar be made very clean and dry ; and let 
"the prime conductor of an eleCtrical machine, or a wire 
•proceeding from it, touch the wire L ; then, if the ma¬ 
chine be put in motion, the jar and eleCtrometer will 
charge, as will be feen by the riling of the index of k ; 
and when charged high enough, & will be repelled by 
b, and A will defeend and difeharge the jar through 
the wire which was confined in the tongs, and the wire 
will be fufed and run into balls. The ingenious author, 
by breathing through a glafs pipe^ into the jar, damped 
ft a little in the iniide. Then loading B with a pin of 

30 grains, he obtained fuch a charge as fufed eight 
inches of watch pendulum wire, difpofed exaCtly as the 
two inches were difpofed in the former experiment. Bv 
repeating and varying his experiments, he found that 
double quantities of eleCtrical fluid, in the form of a 
difeharge, will melt four times the length of wire of a 
certain diameter. 

ELECT. ROPHORUS. See Electricity in this 

Supplement. 

ELEPHAS, the Elephant. Sec Encyclopedias 
where the natural hiftory of this huge and fagacious 
animal is detailed at confiderable length. Since that 
article was pubhfhed, we have feen the third volume of 
the Afiatic Researches, in which fome important qiief- 
tions, which we were then obliged to leave in uncer¬ 
tainty, feem to be decided by John Corfe, Efq. They 
relate, t/?, To the mode in which elephants copulate ; 
which Bnffon aflerts (and in proof of his aflertion ad¬ 
duces the Itru&ure and pofition of the generative organ 
in the female) to be performed while that female re¬ 
mains recumbent on the back ; but which Mr Corfe in¬ 
fills from ocular evidences takes place after the manner 
sn which the horfe copulates with the mare. 2d, To 
the method of receiving nourifhment from the mother; 
which is not, as Buffon avers, bv the trunk, but by the 
mouth, which fucks the dug, while the trunk of the 
young animal gralps it round to prefs out the milk. 

Bd, To the period of their going with young; which 
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Mr Corfe conceives cannot be lefs than two years ; 
whereas Button and Pennant aifign only nine months 
for the geftation of their young. His reafons for this 

fuppofition are unanfwerable, and fhall be given in his 
oivu words. 

“ As far as I know, the exaCt time an elephant goes 
with young has not yet been alcertained; but it cannot 
be lefs than two years, as one of the elephants brought 
forth a young one, twenty one months and three days 

after fhe was taken. She was obferVed to be with 
young in April or May 1788, and fhe was only taken 
in January preceding ; fo that it is very likely fhe mull 

have had connection with the male fome months before 
fhe was fecured, otherwife they could not have difeo- 
vered that fhe was with young, as a foetus of lefs than 
fix months cannot well be fuppofed to make any alte¬ 
ration in the fize or fhape of lo large an animal The 

young one, a male, was produced October 16, 1789, 
and appeared in every refpeCt to have arrived at its full 
time. The gentleman to whom it belongs examined 
its mouth a few days after it was brought forth, and 
found that one of its grinders oil each fide had partly 
cut the gum.” 

When Mr Corfe wrote his memoir, the young ele¬ 
phant was aCtive and well, and beginning to eat a little 
grafs. In Africa the Hottentots feed on the elephant ; 
and M. Vailant declares, that an elephant's foot, when 
baked in their manner, is a moil delicious morfel. 

ELEPHANTIASIS (fee Medicine, n° 352. Eti- 

cycl) is one of the mod dreadful maladies with which 
the human race is anywhere afflicted. It is not indeed 
common, if it be found at all,'in the temperate climates 
of Europe ; but it is frequent in the Eaft and Weft In¬ 
dies, where it too often baffles the /kill of the ableft 
phylicians. In the fecond volume of the Afiatic Re- 
fearches we have the following prefeription for its cure : 

“ Take of fine frefh white arfenic one tola, or io<> 
grains ; of picked black pepper' fix times as much : let 
both be well beaten at intervals for four days fiiccefiive- 
ly in an iron mortar, and then reduced to an impalpa¬ 
ble powder in one of ftone with a flone peflie, and thus 
completely levigated, a little water being mixed with 

them. Make pills of them as large as tares or fmall 
pulfe, and keep them dry in a fhady place. One of 

t-hofe pills muft be fwallowed morning and evening with 
fome betel leaf, or in countries where betel is not at 
hand, with cold water : if the body be cleanfed from 

foulnefs and obftruCtions by gentle cathartics and bleed¬ 
ing before the medicine is adminiftered, the remedy will 
be fpeedier.” 

This prefeription, we are told, is an old fecret of the 
Hindoo phyficians, which they confider as a powerful 
remedy again ft all corruptions of the blood, whether 

occafioned by the elepliantiafis or the venereal difeafe, 
which they call the Perjian fire, and which they apply 
likewife to the cure of cold and moifl diftempers, or 
palfy, diftortions of the face, relaxation of the nerves, 
and fimilar difeafes. As the Hindoos are an ingenious 

and fcientific people, it might be worth fome European 
phyfician's while to make trial of this ancient medicine 
in the Weft Indies, where the elephantiafis or kindred 
difeafes prove fo frequently fatal. 

ELEVATION, in architecture, denotes a draught 
or description of the principal face or fide of a building ; 
called alio its upright or orthography. 

ELLIPSE, or Ellipsis, is one of die conic fec- 

tions, 
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tions, popularly called an oval; being called an ellipfe 
or elUpJts by Apollonius, the firft and principal author 
on the eonic fe&ions, becaufe in this figure the fquares 

* of the ordinates are lefs than, or defective of, the rec¬ 
tangles under the parameters and abfciffes. See Conic 

Sections, Eneycl. 
ELLIPSOID, is an elliptical fpheroid, being the 

folid generated by the revolution of an ellipfe about 
either axis. 

ELLIPTOIDE, an infinite or indefinite ellipfis, de¬ 

fined by the indefinite equation ^ jm+n bxm .a — xn 
when m or n are greater than 1 : for when they are 
each = 1, it denotes the common ellipfe. 

There are feveral kinds or degrees of elliptoides, de¬ 
nominated from the exponent m + n of the ordinate y. 

As the cubical elliptoide, exprefied by ay3 := b x* 

• a — x; the biquadratic, or furfolid ay4 zz bx2.a— xz; 
fee. 

EMINENTIAL equation, a term ufed by fome 

algebraifts, in the inveftigation of the areas of curvili- 

neal figures, for a kind of aflumed equation that con¬ 

tains another equation eminently, the latter being a par¬ 

ticular cafe of the former. 

ENAMELLING of Vessels for the Kitchen. 

In the year 1779 the Society of Emulation in Paris 
propofed as a prize queftion, 99 To difeover a compofi- 
tion fit for making kitchen utenfils whieh fhould be 
free from the difadvantages attending copper, lead, tin¬ 
ned veflels, glazed earthen-ware, &c. whieh fhould be 
as flrong as pofiible, lefs coflly than the veflels ufed at 
prefent, and which fhould be able to bear the highefl 
degree of kitchen fire, and the mod fudden ehanges 
from heat to cold.” 

In confequence of this propofal, Mr Sven Rixman ©f 
the Royal Academy of Stockholm, without any inten¬ 
tion ot being a candidate for the premium offered by 
the Society of Emulation, inftituted a fet of experi¬ 
ments on fmall veffels of copper and hammered iron, 
with the view of giving to them a coating of what 
may properly be called enamel, which fhould not have 

] ENA 
fully ftirred. The veffel which he intended to coat, 
having firft been wetted by dipping it in water, had as 

much of the aforefaid powder applied to its infkle, by 
means of a very fine filk fievc, as would adhere to it of 
itfelf, or could be made to do fo by prefiing it with 
the finger. After this veffel had been dried and gra¬ 

dually heated, it was expofed to a fudden and violent 
heat, partly in a coal-fire, kept up by a pair of bellows 
(the veffel being at the fame time covered, fo that no 

coals or afhes could fall into it), and partly in an affay- 
fng furnaee. 

In the coal-fire, and with a heat as violent as is com¬ 
monly ufed to make copper-folder run, the mixture was 
melted, in about the fpaee of a minute, into an opaque 
white enamel, whieh evenly covered the furface of the 
copper, and fixed itfelf pretty firmly to the metal ; it 
alfo bore hard blows without breaking, and refilled the 
trials made by boiling things in it, and by applying 

acids to it. The forementioned mixture was alfo redu¬ 
ced into a fine powder in a glafs mortar, and made into 
a fort of thin pafte with water ; it was then applied to 
the veffel with a fmall brufh, an operation as eafy as 
that of applying any other wet colouring matter. He 

likewife tried this pafte, by covering veffels with it in 
the fame way the potters apply their common glazing 

for ftone-ware. By both the above-mentioned proeeffes 
he obtained a very fmooth coating, particularly by the 
latter, which is more quickly performed. When the pafte 
is applied, the veffel fnould be made a little warm, fo* 
alfo fhould the pafte itfelf. 

If the conftituent parts of thefe two fubftances be con-- 
fidered (that is to fay, that gypfum is eompofed of calca¬ 
reous earth faturated with vitriolie (fulphtiric) aeid, and 
fluor fpar of a particular acid united to filiceous earth ; 
alfo, that the whole, when put into the fire without the 
addition of any other fubftance, is, of all earthy or ftony 
mixtures, that whieh the moft cafily melts into an o- 
paque white glafs, not very brittle), and if, on the 
other hand, the a&ion of acids be attended to—we fhall 
eafily conceive thefe fubftances muft attach themfelves 

Enamel- 
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the defedls of tinning, and which, when applied to iron, ftrongly to copper, and that the varnifh formed by them 

fhould take from it the inconveniency of rufting, and cannot afterwards be dffiolved or adted upon by acids, 
of blackening many forts of vi&uals when they are The greateft difficulty attending on this Ample' mix- 
dreffedin it. Thefe experiments he fuhmitted to the ture is, the flrong and fudden heat neceffary to apply it 
academy, of whieh he was a member ; and as we think 

them important, we fhall lay the fubftance of them be¬ 
fore our readers. 

The moft common, and the cheapeft, kind of white 
enamel that is to be met with in the (hops (which is an 
opaque white glafs, eompofed of powdered quartz, of 
glafs of lead, and of calx of tin), was tried for coat¬ 
ing kitchen-utenfils ; and he found that it was excellent 
for the purpofe, as it produced a coating, which was 
not only clean arid agreeable in its appearence, but pof- 
feffed likewife all the power of refilling the adtion of 
fire and of acids that could be defired. But, as it is 
very difficult to apply, is very dear for common ufe, 
and is befides considered as not being capable of refill¬ 
ing violent blows or falls, he made various experiments 
with fubftanees of lefs price; of which the following are 
certainly worthy of being related. 

I. The white femi-tranlparent fluor fpar was redueed 
into a fine powder*, with an equal quantity of nnburnt 
gypfum, and afterwards calcined in a flrong fire with a 

white heat; the whole being, from time to time, care. 

with efiedt, that heat being greater than is commonly 
to be obtained in an allaying furnace. On that ac¬ 
count, M. Riuman endeavoured to render it more fu- 
fible by the addition of fome other fubftance. 

Of his experiments made with this view, fome failed, 
and others fucceeded. We fhall record only fuch as were 
fuceefsful, and at fame time attended with fuch mode¬ 
rate expence as not to preclude them from common ufe.. 

2. With the fubftances employed in his lirft experi¬ 
ment, which, with the author, we fhall henceforth call 
n° 1. he mixed an equal quantity of what is called fu¬ 

ff le glafs (vitrum fufbile), eompofed of.fix parts of 
lime, four of fluor fpar, two of quartz reduced into a 
fine powder, and one tenth of a part of manganefe ; 
the whole having been. calcined, and ground with wa¬ 
ter in the manner eolours are ground, he fpread it on 
the veffel with a brufh. This mixture ran pretty well 
upon the copper in the coal fire ; it alfo attached itfelf 
very ftrongly to it, and produced an enamel whieh was 
firm and hard, and feemed likely to bear wear ; but 

it was of a dark grey colour, and without any brillian¬ 

cy* 
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cy, The mixture did not melt more readily in the af- in enamelling) to remove the vefTel from the fire as foon Fnamel- 

faying furnace. as it had acquired a brilliant appearance therein, or as Ung. 
Two parts of n° 1. with one part of the fufible glafs, foon as the enamel was completely melted. 

and a quarter of a part oi manganefe, had nearly the 8. Twelve parts of glafs of lead, or of litharge, with 

fame effect. This lad mixture# indeed, was rather more eight parts of dint glafs, and two of flowers of zinc, 
eafily melted, but it had a darker colour. were melted, in the lpace of feven minutes, into a clear 

3; Eight parts of n° t. with one half of a part of yellow glafs, which, when ufed for enamelling, was dif- 
borax, one quarter of a part of nitre, and half a part pofed to form bubbles; but, by continuing the heat for 
of manganefe, were melted, in the fpace of ten minutes, a longer time, the bubbles were difperfed,' and he ob- 

into a brown liver-coloured glafs ; which, in the af- tained a pretty good enamel, of a yellow brown colour 
faying furnace, produced upon the copper vefTel a black with a greeniih cad, very hard and firm. It refided 
enamel, which had a dull furface. In other refpedts it the a&ion of the vegetable acids, like the enamels al- 
was firm, even, and hard; but it did no$ fufficiently co- ready fpoken of, but it was a little attacked by the mi* 
ver the veft'el by a fingle application, nor was it capable neral acids. 

of refiding the a&ion of acids. 9. He powdered and mixed together five parts of flour 
4. One part of the brown glafs mentioned in the lad fpar, five parts of gypfum, two parts of minium, one 

experiment, with three parts of nv 1. became in the half of a part of borax, two parts of flint glafs, one half 
aflaying furnace with a red heat, almod as fluid as the of a part of calx of tin, and only one twenty-fifth of a 
lad, and held an even and fmooth furface; but it was of part of calx of cobalt. This mixture was melted in a 
a dark colour, and had not any brilliancy. It was not crucible in fix minutes, by help of the bellows, and pro* 
fenfibly adled upon by vitriolic (fulphuric) acid. duced an opaque glafs of a pearl colour, a little incli- 

5. Four parts of n° 1. mixed with one half of a part nirig to blue, on account of the calx of cobalt. It 
of litharge, were melted in a crucible, with the help of was pretty hard, and, after being ground with water 
the bellows, in five minutes,To as to become as fluid as in the ufual way, it became of a very good confidence, 
water. This mixture, during the fufion, emitted a fo as to be very fit for fpreading over veflels, to which 
fmell of fulphureous acid, and formed an opaque glafs it adhered very ftrongly. If any bubbles formed on 
of a draw colour ; which, after being ground, as ufual, the vefTel during its drying, they might be rubbed down 
and fpread upon a copper vefTel, produced an enamel with the finger, and the whole furface rendered fmooth 
which covered the vefTel very evenly, and was with- and even. After being warmed, and gradually heated, 
out bubbles. It was like wife, perhaps, the harded of it was put into an aflaying furnace made very hot with 
all, but could not be melted in the aflaying furnace, birch charcoal, whieh had been juft kindled under the 
requiring a ftronger fire kept up by the bellows. It muffle. After a minute it melted, and began to appear 
preferved its draw colour, but without any luftre, and brilliant; fo that, he found it neceflary to take out the 
refided the adtion of acids better than the common gia- vefTel very quickly, which was already very evenly coat- 

zing of the potters. . ed with a thick, and fufficiently hard, enamel, the fur- 
6. Mr Rinman mixed together equal quantities of face of which, however, had no brilliancy. 

gypfum, fluor fpar, and what the potters call white The colour remained always inclining to green, be* 
lead* (a), and which Fryes for the bafis of their glazing, caufe the copper had been a little attacked by the acids 
This mixture, after being calcined, melted in five ini- of the gypfum and flour fpar duriqg the fufion ; but 
nutes, with the afliftance of a pair of bellows, into a in other refpedls this enamel was very firm, was very 
very white, hard, and opaque enamel, which was very little hurt by flight blows, and bore very well fudden 
eafily poured out of the crucible. This enamel, treat- changes of heat and cold. Weak acids had no a&ion 
ed like the others, ran very freely, equally, and with- upon it; but he had fome reafon to think that it would, 
out bubbles, by the heat of the aflaying furnace. It in length of time, have been a£ted upon, to a certain 
was alfo pretty hard and ftrong, but without any luftre, degree, by vitriolic (fulphuric) acid. Its colour, ex- 

and had green and yellowT fpots, occafioned by the acids cept the forementioned fhade of green, was white, with 
of the gypfum and flour fpar, which had a&ed upon a dull, and rather changeable furface. 

the copper during the fufion of the enamel. It, how- The calx of cobalt which has been juft mentioned, 
ever, bore melting two or three times, and then ap- and which Mr Rinman made ufe of merely with the in- 
peared of a white colour; it was but very little affe&ed tention of obtaining a fine colour, was prepared by fa- 

by other acids. . tnrating a folution of cobalt in aquafortis (nitric acid) 
7. Equal parts of fluor fpar, of gypfum, or litharge, with common fait, and evaporating to drynefs; by 

and of pure flint glafs, powdered and mixed together, which means he obtained a fine rofe coloured calx. A 
melted in five minutes, by the help of a pair of bellows, very fmall quantity of this calx, when mixed with any 
and produced a white and hard glafs, very like that of fufible glafs, gives it a beautiful blue colour. 

the laft experiment, but rather harder. After being Of the various fpecies of enamel, which had been 
applied on the veflel in the ufual manner, it formed, deferibed in the courfe of thefe experiments, and which 
with the greateft heat of an aflaying furnace, an ena- may be all applied, with more or lefs advantage, to 
mel of a yellowifli white colour, firm and hard, but kitchen utenfils, the lead expenfive are n°s 1, 2, and 
without luftre. In order to avoid the formation of 5 ; but they are alfo thofe which require the greatelt 
bubbles, care was taken (as ought always to be done heat. On the other hand, n° 9. may be recommended 

as 

(a) This fubftance is itfelf a mixture, being compofed of four parts of lead and one of tin. 
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Enamel- as the moil eafy of fufion, and, at the fame time, very 

, durable when ufed for coating veffels in which vi&uals 

are to be drefTcd, which is here the principal objerit, and 
is of far greater importance than the brilliant appear¬ 
ance refnlting from the enamel generally ufed by artiils, 

which however may be employed when the faving of 
expencc is not regarded. 

The enamels hitherto deferibed are not applicable to 
veffels made of iron, though they may be employed to 
cover copper with great advantage. Iron will not in¬ 

deed bear the common pra&ice of enamellers, namely, 
to be put into the fire and taken out again feveral times ; 
for the fparks which fly from iron, when in a hot 
fire, detach and carry off the enamel from the parts 

contiguous to thofe where the fparks are formed. The 
acids, too, of the gypfum and fluor fpar, made ufe of 
in the. enamels already mentioned, acted upon the iron 
during the fufion of the enamel, from which refulted 
bubbles and bare fpots, which entirely fpoiled the ap¬ 
pearance of the work. Our author therefore continu¬ 
ed his experiments with a view to difeover a proper 
enamel for veffels made of this metal. 

10. He reduced into a very fine powder, and ground 
together, nine parts of minium (red oxide of lead), 
fix parts of flint glafs, two parts of pure potafh, two 
parts of purified nitre, and one part of borax. This 

mixture was put into a large crucible, which it only 
half filled ; he covered the crucible fo that no coals 
could fall into it, and gradually increafed the fire under 

it. When the effervefeenqe had entirely ceafed, he 
caufed the mixture to melt, by ufing the bellows for 
four or five minutes ; by thefe means he obtained a 
clear and compaft glafs, which he poured out of the 
crucible upon a piece of marble. Having quenched it 
in water, and reduced it to a very fine powder in a 
glafs mortar, he ground it with water to the confidence 
of a very thin paHe. He then covered an iron veffel 
with it on both Tides, which, after having dried and 
heated it by degrees, he put under a muffle well heated 
in an afflaying furnace. The enamel melted very readily 
in the fpace of half a minute, and with a very brilliant 
appearance. . He immediately withdrew the veffel, and 
let it cool : it was found to be entirely coated with a 
beautiful enamel of a black colour which colour ap¬ 

peared to be caufed by a thin layer of calcined iron, 
winch might be feen through the tranfparency of the 
enamel. 

A copper veffel having been covered with the fame 
enamel, the fine colour of the copper was vifible through 
the thin coat of glafs ; and it was as well defended from 
ruil by this coating as it would have been by an enamel 
of a flronger kind. 

II. To hinder the colour of the metal from being 

feen through the coating, he added to the mixture, ufed 
in the preceding experiment; only one hundredth part 
of the calx of cobalt deferibed in n° 9. The whole 
was melted into a beautiful blue glafs ; it was prepa¬ 
red for enamelling, and applied in the manner before 
deferibed, upon another iron veffel. The enamel pro¬ 
ved to be fmooth, thick, and brilliant, like the prece¬ 
ding, but it covered the veffel more perfe&ly ; it was 
of a fine blue colour, with fome black fpots in thofe 
parts where it had been moll thinly applied, 

12. The glafs of n° 10. reduced into powder, and 
ground with potters white lead, of which mention has 
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already been made, melted with the fame facility ; it 
produced a very fmooth enamel, of a grey colour, but 

more firm and hard than the former, and, on account of 
the addition made to it, of a Hill lefs price. By mixing v. 

with the fame glafs a fmall quantity of crocus iriartis, he 
obtained a very fine enamel, of a dark red colour, not 

to mention other colours in it Hill more beautiful. The 
Crocus martis he ufed in this experiment was prepared 
from a folution of iron in aqua regia (nitro muriatic 
acid), which was evaporated to drynefs, and the matter 
thus edulcorated and calcined. 

13. In order to render the forementioned enamel 
more folid, and to give it what is called body, he melt¬ 
ed together a mixture of twelve parts of flint glafs, 
eighteen parts of minium, four parts of potafh, four 

parts of nitre, twexparts of borax, three parts of calx 
of tin, and one eighth part of calx of cobalt, obferving 
always tlie ufual precautions. He obtained a glafs of 
a light blue colour, which, after having been ground 
with water, and fpread upon fmall iron bairns, or tea 
cups, produced, by means of a brifk fire in an affaying 
furnace, an enamel which was fmooth and even, and of 
a pearl colour. The coating was of a proper thicknefs, 

to obtain which requires a certain degree of dexterity’' 
and practice. He alfo tried to paint upon this enamel 

with what is called mineral purple (purpura minerals)* 
which lie ufed with a little powdered quartz, nitre, and 
borax ; it produced a very beautiful red colour. 

'Though this laH mentioned compofition is more beau¬ 
tiful when applied upon iron, and more even than the 
preceding, jt lias the difadvantage, on account of the 

falts which it contains, of not refilling the adion of the 
firongcr vegetable acids, and Hill lefs that of the mine¬ 
ral ones. But as a veffel when coated with this ena¬ 
mel bears, without any injury, fudden changes of heat 
and cold, and alfo to have any greafy mixtures baked 
or boiled in it (even thofe which are of a caufiic alka¬ 
line natuie, or thofe which contain the ufual weak acids 
which are ufed in the preparation of our food), it may 
be applied to veffels of various kinds, among others, to 
tea cups ; particularly as it is neither brittle nor fub- 

jea to crack, provided it is not expofed to violent 
blows. It is hardly necefTary to fay, that this enamel 
can only be applied upon veffels made of hammered 
iron, and not upon thole of call iron, thefe laH being 

always too thick to be heated with lufficient quicknefs; 
for the greater is the fpace of time necefTary to make 
the veffels red hot, the greater is the quantity of Rales 
formed upon them, and, of courfe, the enamel becomes 
more injured. 

Our author makes fome other judicious obfervations 
on the enamel for iron, of which he has deferibed the 

compofition, and fays, that, independent of its ufe for 
coating kitchen utennis, it might be made to ferve 
many other purpofes, fucli as preferving things made 
of that metal, not only from ruH, but alfo, as he proved 
by experiment, to a certain degree, from calcination. 

ENCAUSTIC Painting. See Painting in this 
Supplement. 

ENFIELD (William, L. L. D.), well known in 
the learned world by feveral ufeful and elegant publi¬ 
cations, was born at Sudbury, on March 29. O. S 

1741, of parents in a humble walk of life, but of vevv 

refpedable charaders. His amiable difpofitiou and 
promifing talents early recommended him to the Rev 

4 K Mr 
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Enfield. Mr HextalP, the diffenting minifter of that pla^e, who 

... — y— | took great care of his education, and mfufed into his 

young mind that tafte for elegance in compohtion which 

ever afterwards diftinguifhed him. 
In his 17th year he was fent to the academy at Da- 

veritry, then under the direction of the Rev. Dr Afh- 
vvorth, where he paffed through the ufual courfe of in- 
ftrudion preparatory to the office of the miniftry ; and 

with Inch fuccefs did he cultivate the talents of a 
preacher, and of an amiable man in fociety, that, on 
leaving the academy, he was at once chofcn, in 1763, 
mini her of the very refpeCtable congregation of Benn's 

Garden in Liverpool. 
In that agreeable town he paffed feven of the happieft 

years of his life, very generally beloved and efteemed. 
He married, in 1767, the daughter of Mr Holland dra¬ 
per in Liverpool, with whom he paffed all the reft of 
his days in moft cordial union. His literary reputation 
was extended, during his refidence in this place, by the 
publication of two volumes of fermons, which were very 

well received, and have ferved to grace many pulpits 
befides that in which they were originally preached. A 
collection of hymns and of family prayers, which he 

alfo publifhed at Liverpool, did credit to his tafle and 

judgment. 
About 1770, he was invited to take a fhare in the 

conduCt of the academy at Warrington, and alfo to oc¬ 
cupy the place of minifler to the diffenting congrega¬ 
tion there, both vacant by the death of the Rev. Mr 
Seddon. His acceptance of this honourable invitation 

was a fource of variety of mixed fenfations and events 
to him, of which anxiety and vexation compofed too 
large a fhare for his happinefs. No affiduity on his 
part was wanting in the performance of his various du¬ 
ties ; but the difeafes of the inllitution were radical and 
incurable ; and perhaps his gentlenefs of temper was ill 
adapted to contend with the difficulties, in matter of 
difcipline, which feem entailed on all diffenting acade¬ 
mies, and which, in that fituation, fell upon him, as the 
domeftic refident, with peculiar weight. He always, 
however, poffeffed the refpeCl and affeCtion of the beft 
difpofed of the ftudents; and there was no reafon to 
fuppofe that any other perfon, in his place, could have 
prevented that diffolution which the academy under¬ 

went in 1783. 
During the period of his engagement there, his 

indefatigable induftry was exerted in the compofi- 
tion of a number of works, moftly, indeed, of the 
elafs of ufeful compilations, but containing valuable dif- 
plays of his powers of thinking and writing. The moft 
confiderable was his “ Inftitutes of Natural Philofo- 
phy” (quarto, Johnfon, 1783) ; a clear and well-arran¬ 
ged compendium of the leading principles, theoretical 
and experimental, of the fciences comprifed under that 
head. And it may be mentioned, as an extraordinary 
proof of his diligence and power of comprehenfion, 
that, on a vacancy in the mathematical department of 
the academy, which the ftate of the inflitution render¬ 

ed it impolfible to fupply by a new tutor, he prepared 
himfelf, at a fhort warning, to fill it up ; and did fill it 
with credit and utility, though this abftrufe branch of 
fcience had never before been a particular objeCt of his 
ftudy. He continued at Warrington two years after die 
academy had broken up, taking a few private pupils. 

In 1785, receiving an invitation from the principal 

diffenting congregation at Norwich, he accepted it, Enfield, 
and firft fixed his refidence at Tliorpe, a pleafant vil* v—« 
lage* near the city, where he purfued his plan of taking 
a limited number of pupils to board in his lioufe. He 
afterwards removed to Norwich itfelf; and, at length, 
fatigued with the long cares of education, entirely cea- 

fed to receive boarders, and only gave private inftruc- 
tions to two or three feleCt pupils a few hours in the 
morning. This too he at laft difcontinued, and devo¬ 
ted himfelf folely to the duties of his congregation, and 

the retired and independent occupations of literature,f 
Yet, in a private way and fmall circle, few men had 
been more fuccefsful in education, of which many lin¬ 

king examples might be mentioned, and none more fo 
than the members of his own family. Never, indeed, 
was a father more defervedly happy in his children ; but 
the eldeft, whom he had trained with uncommon care, 
and who had already, when juft of age, advanced in his 
profeffional career fo far as to be chofen town-clerk of 

Nottingham, was moft unfortunately fnatched away by 

a fever a few years fince. 
This fatal event produced effeCls on the doclor’s 

health which alarmed his friends. The fymptoms were 

thofe of angina peftoris, and they continued till the ufual. 
ferenity of his mind was reftored by time and employ¬ 
ment. Some of the laft years of his life were the moft 
comfortable : employed only in occupations which were 
agreeable to him, and which left him mafter of his own 
time ; witneffing the happy fettlement of two of his 
daughters ; contra&ed in his living within the domeftic 
privacy which he loved ; and connected with foine of 
the moft agreeable literary companions, and with a fet 
of the moft cordial and kind-hearted friends that per¬ 

haps this ifland affords, he feemed fully to enjoy life as 
it flowed, and indulged himfelf in pleafing profpeCts for 
futurity. Alas ! an unfufpeCted and incurable difeafe 
was preparing a fad and fudden change : a fchirrous 
contraction of the tedium, the fymptoms. of which were 
miftaken by himfelf for a common laxity of the bowels, 
brought on a total ftoppage, which, after a week’s 
ftruggle, ended in death. Its gradual approach gave 
him an opportunity to difplay all the tendernefs, and 
more than the ufual firmnefs of his nature. He died 
November 3. 1 797, amidft the kind offices of mourn¬ 

ing friends, and his laft hours were peace ! 
Befides the literary performances already mentioned. 

Dr Enfield completed, in 1791, the laborious ‘ afk of 
an abridgment of “ Brucker’s Hillory of Philofophy,” 
which he comprifed in two volumes quarto. It may 

be truly faid, that the tenets of pliilofophy and the 
lives of its profeffors were never before difplayed in fo 
pleafing a form, and with fuch clearnefs and elegance 
of language. Indeed it was his peculiar excellence to 

arrange and exprefs other mens ideas to the utmoft ad¬ 
vantage. Perhaps, at the time of his deceafe, there 
was not in England a more perfect mafter of what is 
called the middle ftyle in writing, combining the qua¬ 
lities of eafe, elegance, perfpicuity, and correCtnefs, en¬ 
tirely free from affeCtation and llngularity, and fitted for 

any fubjeCt. If his caft of thought was not original, 
yet it was free, enlarged, and manly. What he was in 
the capacity of a teacher of religion, his feveral congre¬ 
gations will teftify with grateful and affectionate re¬ 
membrance. Few minifters have paid fuch unremit¬ 

ting attention to the perfection of their pulpit compo- 
fitions 5 
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EnjjeM fitiona; nor was it only by detached difcourfes that he 
inculcated the truths of morality and religion, but by 
methodical plans of inftruftion, drawn up with great 

-'care and comprehenfion. The valuable (lores of this 
kind which he left behind him will not be configned 
to oblivion ; but, it is hoped, will inform and improve 
numbers to whom the voice of the preacher could never 
have extended. In delivery, his manner was grave and 
impreffive, depending rather on the weight of juft enun¬ 
ciation than on the arts of oratory. Little need be 

added to this (ketch of the moral qualities of the excel¬ 
lent man above commemorated. If moderation, com¬ 
pliancy, and gentlenels were ever prevalent in him to a 
degree of excefs, who that knew him will blame an ex¬ 
cels which opened his foul to every emotion and office 
of affection and friendfhip ? 

This account of Dr Enfield, which is taken from the 
Monthly Magazine, is acknowledged by its author to 
be the effufion of friendfhip ; but we believe that the 
panegyric, though high, is in general juft. It is our 
duty, however, to warn our readers againft placing im¬ 

plicit confidence in the Do&oPs reprefentation of an¬ 
cient philofophy; for though we have frequently found 
him correft, and have therefore quoted him with ap¬ 
probation ourfelves, we have likewife found him fome- 
times miftaking the fenfe of his authors. In a work 
like his, miftakes were indeed unavoidable ; for when 
he refolved to comprefs the fubftance of Brucker’s five 
volumes within the compafs of two, he could not avoid 
fometimes giving what he thought the fenfe of the an¬ 
cients, when accuracy required their very <words to be 
given. This we believe to be the fource of thofe errors 
in Ins elegant hiflory, which we have heard others un- 
juftly attribute to defign ; for had it been his defign to 
deceive, he would not furely have ftored his margin 
with references to enable every reader to deted the de¬ 
ceit. 

ENGINEER, is the appellation of him whofe pro- 
feffion it is to^contrive or make any kind of ufeful en¬ 
gine or machine. He is denominated either a civil or 
military engineer, according as the obj.-dls of his pro- 
feffion refpeft civil or military purpofes. See Forti¬ 

fication, Encycl. and Machine in this Supplement. 

ENGONASIS, in aftronomy, the fame as Hercules, 
one of the northern conftellations 

ENGRAFTING. See Grafting, Encycl, where 
it is faid that there is little hope of producing mixed 
fruits by engrafting one tree upon another of the fame 

clafs. We confefs ourfelves to be unwilling to relinquifh 
this opinion ; but it would be very’unfair to withhold 

from the public any fad which feems to militate againft 
it, and has come to our knowledge. We (hall therefore 
tranferibe from the P hi lof op hie al Magazine the following 
communication from Dr Thornton, ledlurer on medical 
botany at Guy's Hofpital, refpe&ing a fuppofed lufus 
nature, which he conliders as the confequence of en¬ 
grafting. 

In the firft volume of the Philofophical Tranfatfions, 
N° 29. published November 1667, you have the follow¬ 
ing communication, intitled, 

“ Some ITortulan Experiments about the engrafting 
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of Oranges and Lemons or Citrons, whereby is produ- Enneadeca- 

ced an individual Fruit, half OrangS and half Lemon, te^iS 
growing together as one Body upon the fame Tree ” 

We have here orange trees (faith the intelligence 
from Florence) that bear a fruit which is citron on one 
fide and orange on the other. They have been brought v 1 " 

hither out of other countries, and they are now much 
propagated by engrafting. This was confirmed to us 
(fays the editor of the Trarifadtions of the Royal So¬ 
ciety) by a very ingenious Engliffi gentleman, who af¬ 
fected, that himfelf not only had feen, but bought of 

them, anno 1660, in Paris, whither they had been feat 
by Genoa merchants ; and that on fome trees he had 
found an orange on one branch and a lemon on ano¬ 

ther branch (which is not fo remarkable as what fol¬ 
lows) ; as alfo, one of the fame fruit, half orange and half 
lemon; and fometimes three quarters of one and a quar¬ 
ter of the other. 

In the third part of the Reports of the Board of 
Agriculture, among the foreign communications, we 
fee, with equal plealure and aftouiffiment, an account of 
the American apple, which, by a peculiar mode of bud¬ 

ding ^a), is half fweet and half four, half white and 
half red, without the lead confufion of the refpedivc 
halves. 

At Mr MafoiPs, floriil, Fleet-flreet, oppofite the 
Bolt and Tun, there is a produftion now, September 
1798, to be feen half peach and half ne&arine. It has 
all the foftnefs and yellow down of the peach, and the 
(leek red fmoothnefs of the ne&arine ; fuppofed to be 
a lufus nature, but probably is rather the fportings of 
art than of nature, and which perhaps will be the caufe 
why we (hall in future fee many other fuch vegetable 

wonders, which, as we fee, were known to our an- 
ceftors. 

ENNE ADECATERIS, in chronology, a cycle or 
period of 19 folar years, being the fame as the golden 
number and lunar cycle, or cycle of the moon. 

ENSETE. See Musa, Encycl. 

EOLIPILE. See ^Eolipile, Encycl, 

EPAULE,'or-EsPAULE, in fortification, the fnoul- 
der of the baftion, or the angle made by the face and 
flank, otherwife called the angle of the epaule. 

EPISCOPACY, the government of the church by 
diocefen bifhops. See Encycl. 

# Scotch EPISCOPALIANS, are a focietvof Chrff- 
tians, certainly as refpedable, if not fo numerous, as 
any other in the kingdom which diffents from the wor¬ 

ship and difeipline of the dlabiifhed church. For mafiv 
years, however, the public worffiip of that fociety was 
proferibed by the legiflature ; and there is reafon to 
fufped that its real principles are not yet univerfally 
underftood. If this be fo, it furely becomes the editors 

of a work in which fome account is given of almoft eve¬ 
ry denomination of Chriftians down to the novel fed 
which ftyles its members Bereans, to do juftice to the 

venerable remains of what was once the eftabliffied church 
of their native country. 

That the reformation from popery was, in Scotland, EftabW 

tumultuous and irregular, is known to all Europe; and me«t of E- 

very few of our readers can be ignorant that there wasPifcoPac? 
4 K 2 neither 

in Scotland, 

(a) the manner in which the extraordinary neaarine-peach firft produced in this country was efFeded, was 
hy inferting the bud of one fruit upon the (lock bearing a different fort. * 
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neither order in the reformed church, nor decency in 
her wo r {hip, till James VI. with much add refs, aecom- 

plifhed the ellabliihment of a very moderate epifcopacy. 
To this form of church-government the better part of 

the nation was fufficieotly attached ; and it continued to 
be the ecckffiaftical pebtyy fupported by the date, till 

the grand rebellion, when it was overthrown by the par- 
tizans of the national covenant. It was re (to red, how- 
ever, in 1662; and again abolifned in 1689 by that Con¬ 
vention which placed the Prince and Princefs of Ordnge 

on the ancient throne of the- Scottifh monarchy 
Thefe events are fo univerfally known, that it is Suf¬ 

ficient in this place barely to mention them ; but there 
are probably many of our readers who do not know 
that, during the whole period of her legal edablifhment, 
the Scotch epifcopal church had-no public liturgy.* It 
appears indeed, that the hrd reformers made vile of the 
Engliffi book of common prayer ; and there is or. re¬ 

cord fufficient evidence that John Knox himftlf, though 
he disapproved of fome things in that book, had no ob- 
je&ion either to dated forms of prayer in general, or 
to a fubordination among the miniders of the-gofpel ; 
but vliis fucceffor. Andrew Meivil, who pofftffed neither 
liis learningmor his worth, had influence enough to in¬ 
troduce into the church a perfect parity of miniders, 
and to excite among the people a very general abhor¬ 
rence of liturgical worfhip, 80 rooted indeed was that 
abhorrence, that, as every one knows, an attempt to in¬ 
troduce into the chuvch of Scotland a book of common 
prayer, copied with Some alterations from that of Eng¬ 
land, ‘produced thz folemn league and covenant^ which in¬ 
volved in one common ruin the unfortunate Charles and 
his darling Epifcopacy. At the reftoration of the mo¬ 
narchy, the Epifcopal conflitution of the church was 
reffored, but no new attempt-was made to eftablifh the 

ufe of a public liturgy ; and except at the ordinations 
‘of the clergy, when the Englifh forms were ufed, no 
fervice bock was feen in a Scottiffi church. 

For fome years after Epifcopacy had ceafed to be the 
religion of the date, the deprived clergy made no al¬ 
teration in their modes of focial worfhip. Having re- 
fufed to transfer to King William that allegiance which 
they had fworn to King James, they were treated, du¬ 
ring his reign, with fuch Severity, that on the Lord’s 
day they durft not venture further than to officiate “ in 
their own hired houfes, where they received fuch friends 

as chofe to come in unto them and in thofe fmall 
congregations, if congregations they may be called, 
they continued to pray, if not extempore, at lead with¬ 
out book, till the acceffion of Anne to the throne of 
her ancedors. The attachment'of that Princefs, not 
only to the'constitution, but alfo to the worfhip of the 

church of England, was well known to them; and they 
very reafonably thought, that they could not more ef¬ 
fectually recommend tliemfelves to her protection than 
by adopting the ufe-of the Englifh liturgy, which the 
mod enlightened ^mong them had long profefTed to ad¬ 
mire. It was accordingly introduced by degrees into 
Scotland; and an a£l of parliament being paffed on the 
3d of March 1712, “ to prevent the didurbing of thofe 
of the Epifcopal communioimu that part of Great Bri¬ 
tain called Scotland, in the exercife of their religious 
worfhip, and in the tife_pf the liturgy pf the church of 
England,’’ that liturgy was univerfally adopted by the 

Scotch JJpifcopalians ; and public xhapels, which had 

8 ] E 1J I 
hitherto beep prohibited,.were everywhere built, and Scotch 

well frequented. 7 /- 
That thofe who had refufed allegiance to King Wil- , '*mmJ 

liain and Queen Anne fhould fcruple to pay it to a 
new family, clogged as it was by fo many oaths, can 
excite no wonder; nor is it at all wonderful that, for 
their attachment to the abdicated family, the public 
worfhip of the Scotch Epifcopalians was, after the inr 
fur reef ipn of 1715 and 1716, laid unde;; fpme redraints. 
Thefe* however, were neither rigoroufly Severe, nor of 
long^duration ; and by the year 1720, their congrega¬ 
tions were as numerous as formerly, confiding, efpecial- 

ly in. the northern counties, of men of all ranks, even 
fuch as held offices.of trud under the edablifhed govern¬ 
ment, who frequented the Epifcopal chapels in prefe¬ 

rence to the pariih churches. 
Hitherto the Epifcopalians had been fafely conduc¬ 

ed through all,dangers and difficulties by the prudence 
of Dr Rofe, the deprived bifhop of Edinburgh; but Soon 
after his death, which happened on the 20th of March 
1720, divifions broke out among them, which threaten? 

ed to prove more fatal to their church than any perse¬ 
cution to which they had yet been fubjeCed. For rea- 
fons which will be feen afterwards, it is proper to trace 

thofe divilions from their fource. 5 
No native of Britain, who knows any thing of the Sources of 

hidory of his country, can be ignorant that Dr. San- 

croft, the archbifhop of Canterbury, and five other bi-gcorck 
(hops, were at the Revolution deprived of their fees by pifcopah- 
an aC of parliament ; becaufe, like the Scotch bifhops, ans. 
they could not bring themfelves to transfer to King 
William and Qjjeen Mary that allegiance which they 

had fo lately fworn to King James. As thofe prelates 
were extremely popular for the vigorous opposition 
which they had given to fome of the Popifh projeCs of 
the late king, and as a number of inferior clergymen, 
of great eminence for piety and learning, were involved 
in the fame fate with them—it need not excite great 
furprife, that a fweeping deprivation, which, in all its 
circumdances, was perhaps without a precedent in eo 
clefiadical hidory, produced a fchifin in the church of 
England. The deprived clergy, confidering the biffiops 
who were placed in the fees thus vacated as intruders, 
and all who adhered to them as fchifmatics, opened fe- 
parate chapels under the authority of the primate and 
his nonjuring fuffragans; and contended, that they and 
their adherents condituted the only orthodox and ca¬ 

tholic branch of the church in England. 
Both churches, however, made ufe of the fame litur¬ 

gy; and during the lives of the deprived prelates, there 
was no other apparent difference in their wordrip than 
what neceffarily refulted from their paying allegiance to 
different fovereigns. But this uniformity was not of 
Jong duration. The biffiops, who had been poffeffed of 
fees before the Revolution, were fcarcely dead, when 
their fucceffors, being under no civil redraint, found,, ip 

the principles which they had brought, with them from 
the edablidiment, the means, not only of .dividing their 

own little church, but likewife of fowing the feeds of 

diffenfion among their brethren in Scotland. r.« 
It lias been obferved elfewhere **, that in the church* Supper 

of England there are three opinions refpe&ing the ■na."°fotj^e 
ture and end of the Lord’s Supper, which, in oppofi-^ * tt“ 

tion to each other, have been all patronifed by^men of 

great eminence for theological learning. It appears, 
indeed. 
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Scotch indeed, from the firft liturgy fet forth by authority in wife to the mod ancient liturgies 

I 

EliansPa" t^ie ,rci?n King Edward VI. that the’ reformers of 
v that church from the errors of popery unanimouily 

Sacrifice 

--extant, as well as to 
what the fathers of the firft three centuries have taught 
concerning the nature of the Lord’s Supper. The con-, 

fequence was, that fuch of them as were fcholars foon 
difcovered, that the Scotch communion office approach¬ 

ed much nearer to the moft ancient offices than the 
Engliffi ; and a powerful party was formed for reviving 
the nfe of it in Scotland. 

Had thofe men aimed at nothing farther, it is pro¬ 
bable they would have met with very little oppofitiou. 
Their opponents, who, in general, were lefs learned 
than they, were fo ftrongly attached to the houfe of 
Stuart, that they would have adopted almoft any thing 

fan&ioned by the royal martyr’s authority ; but the 
advocates for the Scotch office knew not where to hop. 

Scotch 
Epifcopa- 

lians. 

held the Lord’s Supper to be a euchariltical 

and this opinion, which has been adopted by great 

numbers in every age finee, Teems to have been the moil 
prevalent of the three among thofe clergy who were 
deprived of their livings at the Revolution. It is in¬ 

deed countenanced by feveral paffages in the prefent or¬ 
der for the adminiflration of the Lord’s Supper ; and 

therefore, though there are other things in that order 
which cannot be eafily reconciled to it, arclibifhop San- 
croft arid his fuffragans, whatever their own opinions 
might be, chofe not to widen the breach between them- 

felves and the eftabliffiment, by deviating in the fmalleft 

degree from the form in which they had been accuftom- They wifhed to introduce fome other ufages of the pn- Revival of- 
ed to celebrate that facrament. Their fuccefibrs, how- mitive church ; fuch as the commemoration of the faith- a ciellt 

an'4,f Con- ful departed, and the mixture of the euchariftiV cupgt5’ 
(See Supper of the Lord, 110 2. and 3. Encycl.) ; and 

'ever,, in office, were men of different difpofitions 

fidering themfelves as totally unconne&ed with the 

Hate, and no longer bound by the a& of uniformity, 
one party, at the head of which was bifliop Collier, 
the celebrated ecclefiaftical hiflorfan (a), judged it pro¬ 
per to make fuch alterations in the communion office 
as might render it more fuitable to their own notions 
of the Lord’s Supper, and bring it nearer, both in mat¬ 

ter and form, to the moft ancient liturgies of the Chrif- 
tian church. 

Of the pvopofed alterations, fome were perhaps pro¬ 
per in their circumftances ; whilft others, to fay the 
beft of them, were certainly needlefs, if not inexpedient. 
They were accordingly all oppofed by another power¬ 

ful party of nonjurors; and the queftions in difpute 
were referred, firft to Dr Rofe, the deprived biffiop of 
Edinburgh, and afterwards to Dr Atterbury and Dr 
Potter, the Biffibps of Rochefter and Oxford. What 
judgment the two Engliffi prelates gave in this contro- 
verfy we know not; but that of biffiop Rofe did him 
much honour. Declining the office of umpire between 
the parties, he recommended mutual forbearance arid 
occafional communion with each other, according to 
either form ; and employed a gentleman, well verfed in 
ecclefiaftical literature, to prove that fuch a compliance 

of biffiop’s with each others innocent prejudices was 
hot uncommon in the pureft times. 

Thef* deputes among the Engliffi nonjurors, and the 
appeal which was rqade to Dr Rofe, drew, more clofe^ 
ly than hitherto it had been drawn, the attention of the 
scotch Epifcopal clergy, not only to their own liturgy, 

which had been authorifed by King Charles I. b\it like- 

, 2. ^-, WII^ 
their brethern, perceiving no authority from Charles I. 

for thefe things, and being accuftomed to confider them 
as Popiffi practices, a violent controverfy was ready to 
bur ft forth about what every enlightened mind muft 
confider as matters of very little importance. 

That the euchariflic cup was in the primitive church 
mixed with a little water, is a fa6l incontrovertible ; 
that the praftice was harmlefs and decent, it is wonder¬ 
ful that any man ffiould deny : but that fuch 3 mix¬ 

ture is ejfential to the facrament, we cannot believe, for 
the reafons affigned in the article referred to ; and 

therefore it ought furely to have been no obje& of con¬ 
tention. 

That the faithful departed were commemorated in 
the primitive church long before the invention of pur- 
gatory, is known to every fcholar ; that in thofe days 
fuch a commemoration tended to invigorate the faith 
and the charity of Chriftians, it would, in our opinion, 
be very eafy to prove 7 and that at prefent every Chrif- 
tian prays in private for his deceafed friends, we have 

proved elfewhere by arguments, of the confutation of 
which we are under no apprehenlion (See GkEFK-church 
in tins Supplement) : but we fee hint the necejfily of in¬ 

troducing fuch prayers into'public worffiip at any pe¬ 
riod ; and we perceive impropriety in doing it at a pe¬ 
riod when, from various circuiriflances, they may caufe 
weak brethren to err. But thofe who < pleaded for the 
revival of this pra&ice in the beginning of the current 
century, were blinded by theft very erudition (b); And 

thofe who oppofed it feein not to have been acquainted 

_ - _ with 

WVJ. IearneL t^ugh violent man, of whom the reader will find Tome account in the Encyclopedia 

was, with Dr Hi ekes and others, confecrated by the deprived'prelates^ for the pitrpofe of prefervine the Eoift 
copal fucceliioii in what they confidered as the true church' of England. 6 P 

(b) Paradoxical as this aflertion may at firft5 fight appear, nothing ft m6re‘certain than that erudition hnd 
even fcience, ti partially cultivated, is as likely to blind as to enlighten hnderftandffig. When a man de¬ 

votes all his time, and all his attention, to one purfuit, he cbntra&ihucH a fohdnefs for it; as-gradually to confft . 
der !t as the only valuable purfuit, which will infallibly lead to truth, and to nothing but truth ; and in - this dif- 
poiitidn o. mind, he is rearly to embrace the moft extravagant abfurdity to'which it rnaycohduft him Of this 

the reader will find one very finking in fiance in page 547 of* this- voluble, where the^ celebrated Euler appears 

r i*° dai anal)’fis» as to place implicit confidence in it, even when he himfelf feems fenfible that- 
it had led him to a conclufion contrary to common fenfe, and the nature of things.- That Dr Bentlev wa, 

very eminent philologift, is univerfally known ; that- his emendatory critieifms on the Claffics are oftenHiarmv* 
no man will deny ; and yet,. milled by bis favourite pnrfuits, he never pronounces more dogmatically than whin 

he dogma which he utters is untenable.. We appeal to his critidfms on Milton,, Perhaps there is *ot a man 
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with the workings of a benevolent and devout mind, or 
indeed to have known in what the eifence of a prayer 

_, con fi fts. 
The ancient ufages, however, were not the only fub- 

je&s which, on the death of bifhop Rofe, furnifhed 
matter for controverfy among the Scotch Epifcopalians. 
That excellent prelate, together with the deprived arch- 

bifhop of Glafgow, and the deprived bifhop of Dun- 
blain, had, from time to time, as they faw occafioo, 
raifed to the Epifcopal dignity fome of the moil defer- 
ving Prefbyters of the church ; but it was refolved, for 
what reafon we do not very well know, that none of 
the new bifhops fhould be appointed to vacant diocefes 
during the life of any one prelate who bad pofiefied a 
legal eftablifhment ; fo.that biihop Rofe, who furvived 
all his brethren, was for feveral years the ecclefiaftical 
governor of the whole Epifcopal church in Scotland. 

On his death, therefore, though there were four bifhops 
in Scotland, and two Scotch bifhops refiding in Lon¬ 

don, there was not one of thofe prelates who could 
claim to himfelf the authority of a diocefan over any 
portion of the Catholic church. This they at firft una- 
nimoufly acknowledged ; and one of them, in the name 
of himfelf and his brethren, recommended to the clergy 
of the diocefe of Edinburgh to eleeft, after the primitive 
plan, a fuccefTor to their late venerable diocefan. The 
advice was followed ; the election was made, and ap¬ 
proved by the bifhops : and Dr Fullarton, the bifhop 
chofen, became bifhop of Edinburgh, by the fame means 
and the fame authority as, in the primitive church, St 
Cyprian became bifhop of Carthage, or Cornelius bi¬ 
fhop of Rome, 

The clergy in other diftri£ls, following the example 
of thofe in Edinburgh, diocefan Epifeopacy was about 

to be revived throughout all Scotland upon principles 
purely ecclefiaftical, when fome of the bifnops, whom 
Dr Rofe bad left behind him merely for preferving the 
Epifcopal fuccefiion, conceived a new and very extra- 

y ordinary conftitution for the Scotch Epifcopal church. 
College of Whether they were envious of their colleagues, and of- 
bilhops. fended that none of the ele&iona had fallen upon them; 

whether they were fo ignorant as not to know that di¬ 
ocefan Epifeopacy had fubiifted long before the con- 
verlion of the Roman empire, in abfolute independence 
on the ftate ; or that they were adluated, as there is 
reafon to fufpe<ft, by fome political principle which 

they could not with fafety avow ;—fo it was, that they 
oppqfed diocefan Epifeopacy of every kind, and pro¬ 
posed to govern the whole Scotch church by a college 

Sc- tch 
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of bifhops. Againft this unprecedented Scheme the 
more learned bifhops oppofed all their influence ; and 
being exceedingly difagreeable to the inferior clergy, 

it was very foon abandoned by its authors themfelves, 
who, after fome acrimonious controverfy, were ghd to 
'tome to an agreement with their diocefan brethren. s 

Of this agreement, or ccncordate as it was called/theThofe dlvu 
following were the principal articles: i. “That theSons heal. 
Scotch or Englifh liturgy, and no other, might beecb 

indifferently ufed in the public fervice ; and that the 
peace of the church fhould not be diflurbed by the in- 

trodudlion of any of the ancient ufages which had late¬ 
ly excited fuch diffenfions. 2. That no man fhculd 
thenceforward be confecrated a bifiiop of the Scotch 
church without the confent and approbation of the ma¬ 

jority of the bifhops. 3. That the bifliops, by a ma¬ 
jority of voices, fhould choofe one of their number to 
prefide in the meetings of his brethren, and to convo- 
cate fuch meetings when he judged them neceffary : 

that this prefident fhould be fly led Primus Epifcopus, 
or more fhortly Primus ; but that he fhould not pof- 
fefs metropolitical power, or claim any kind of jurisdic¬ 
tion without the bounds of his own diocefe or diftridl, 

4. That upon the vacancy of any diocefe or diflridt, 
the prefbyters fhould neither eledt, nor fubmit to, ano¬ 
ther bifhop, without receiving a mandate by the Pri¬ 

mus, ifiued with the confent of the majority of his col¬ 

leagues/’ 
This concordate was in x731-2 fubferibed by all the 

bifliops then in Scotland, who immediately became dio- 
cefans, and thought no more of the college fyftem. It 
was afterwards, with a few additions, for afcertaining 
more precifely the prerogatives of the Primus; for re¬ 
gulating the conduct of fynods; for exempting bifhops 
from the jui ifdidlion of other bifhops, in whofe difb idts 
they might chance to refide ; and for preventing infe¬ 
rior clergymen from deferting their congregations, or 
removing from one diflridl to another, without the con¬ 

fent of the bifhops of both—thrown into the form of 
canons ; and thefe canons have continued to be the 
code of the Scotch Epifcopal church down to the pre- 

fent day. 
The members, and more efpeeially the clergymen of political 

this church, had always been confidered as unduly at opinioiiSo 
tached to the family of Stuart ; and though there was 
undoubtedly at firft fome ground for that fufpicion, 
the writer of this article knows, from the moft incon¬ 
trovertible evidence, that it was continued too long, 

and carried by much too far. Jacobitifm was impu¬ 
ted 

alive who will refufe to Dr Warburton the praife of learning and ingenuity. The addrefs with which he de¬ 
tects the double doctrines of the ancient philofophers, is fometimes almotl aftonifhing ; yet, milled by his own 
ardour in this purfuit, he difeovers hidden meanings everywhere, and has found a rational fyftem of religion ip 
fome of the ancient myfteries, where there is every reafon to believe that nothing in reality was to be found but 
atheifm and vice. Juit fo it is with the ardent reader of the Chriflian fathers. If he devote all his time to 
the ftudy of their writings, he not only becomes enamoured of his employment, but acquires gradually fuch a 
veneration for the charadler of his mailers (and venerable they undoubtedly are) a3 renders him afraid to quef- 
tion any thing which they advance, and unable to diftinguffh between their teftimony, which is deferving of all 
credit, and their reafonings, which are often inconclufive. We truft it is needlefs to difclaim any wifh to dif- 
courage, by this note, the ftudy either of the Chriflian fathers, the Greek philofophers, philological criticifm, 
or the modern analyfis; we only wifh to diffuade men of letters from devoting their whole time to any one pur¬ 
fuit whatever ; for they may depend upon it, that fuch partial ftudies contraft the mind. One of the moft emi¬ 

nent mathematicians at prefent in England is reported to have .declared his contempt of the Paradife Lofty be- 
eaufe he found in it nothing demonjirated! 
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Scotch ted to the fociety as its dinftinguifhing tenet; but the IEpifcop.- niembers of that fociety have at ali times contended, that 

> !ans‘ their diftinguifhing tenets were the apoflolical inftitution 
otEpifcopacy, and in the exercife of thofe powers which 
are purely fpiritual, the independency of the church upon 
the ftate. In politics, indeed, they have unanimoufly 
maintained, that the only ruler of princes or legijlatures I is God, and not-the people. They are, of courfe, no 

friends to the fafhionable dodlrine of re fill a nee, which 
* they believe to be not only condemned in exprefs terms 

by Chrift and two of his apoftles, but to be alfo the 
fource of that anarchical tyranny which lately de¬ 
luged Europe with blood. They confider a limited 9 monarchy, like that of Britain, as the moft perfect form 

of civil government which the world has ever feen; and 
hereditary monarchy is infinitely preferable to one that is 
eledive : and with refpett to the title of the monarch, 
when they take a retrofpedlive view of the origin of all 
civil governments, they cannot but look upon a per* 

manent and unqueftioned eftablifhment as an indication 
of the plan and determination of Providence furnifhing 
the beft right to a crown which any modern fovereign 

TO can claim. 

Peifecution Surely thefe are harmlefs opinions; and yet the worfhip 
of thofe who held them was, in 1746 and 1748, laid un¬ 
der fucli reftraints as were calculated to produce difaffec- 
tion where it did not previoufly exift. Two laws were 

then enacted againft the Scotch Epifcopalians ; which, 
under the pretence of eradicating their attachment to the 
houfe of Stuart, were fo contrived as to preclude fucli 
of their clergy as were willing to pay allegiance to the 
reigning fovereign, and to pray for the royal family by 
name, from reaping the fmailed benefit from their loyal¬ 

ty. The experiment was tried by fome of them ; of 
whom one venerable perfon, who was never fufpefted of 
undue attachment to the houfe of Stuart, is dill alive; but 
he, and his complying brethren, had their chapels burnt, 
and were themfclves imprifoned, as if they had been 
the moft incorrigible Jacobites. This was a kind of 
perfecution which, fince the Reformation, has had no 
precedent in the annals of Britain. A prieft of the 
church of Rome, by renouncing the errors of Popery, 
has at all times been qualified to hold a living in Eng¬ 
land ; a diffenting miriifter, of whatever denomination, 

might at any time be admitted into orders, and rife to 
the higheft dignities of the Englifh church;—but while 
the laws of 1746 and 1748 remained in force, there 
was nothing in the power of a Scotch Epifcoj&l cler¬ 
gyman to do from which he could reap the fmallefi; be¬ 
nefit. By taking the oaths to government, he was not 
qualified to hold a living in England, or even to enjoy 

a toleration in Scotland ; and his clerical character be¬ 
ing acknowledged by the Englifh Bifliops, he could not 
by thofe prelates be canonically reordained. 

Upon the clergy, however, thofe laws of uncommon 

rigour were not long rigoroufiy executed. After a few 
years, the burning of chapels, and the imprifoning of 

n min filers, were occurrences far from frequent; but the 
Toleration, laws to which we allude affeded likewife the political 

privileges of fuch laymen as frequented the Epifcopal 
chapels : and in that part of their operation, thofe laws (were never relaxed till 1792, when they were wholly 

repealed, and the Epifcopalians in Scotland tolerated 
like other well affeded diffenters from the national efta- 
blfihment. 

;■ ]. E P 1 
While Epifcopacy was the eftabliihed form of church Scotch 

government in Scotland, the clergy of that: church fub- EPifcoPa’ 
feribed a confdlion of faith fumintd up in twenty five . A^rs* 
articles, which the rtader will find in the hiftory attri¬ 

buted to John Knox. It'is fufficient to obferve in this Faith of 

place, that in effciitials it differs little from the articles^e.^cocc^ 

of moft other reformed churches; and in every thingc^r^>a 
which does not immediately relate to pcipijlry, it is mo¬ 
derate and unexceptionable; perhaps more fo than the 
prefent confeffion of either of the Britifh churches. 
During the period which intervened between the Re¬ 
volution and the year 1792, no fubfeription was in¬ 
deed required from Scotch Episcopalian clergymen to 

any fummary of Chriilian dodhine ; but at their ordi¬ 
nations, thofe clergy foie irmly profeffid their belief of 

all the canonical hocks of the Old and New Tefta- 
ments ; declared their perfuaficn that thofe books con¬ 
tain fufficiently all dodlrines neceflary to falvation, 
through faith in Jefus Chrift; and were obliged to 
read daily in their chapels the Englifh book of Com¬ 

mon Prayer, which contains the Apoftles, Nicane, and 
Athanahan creeds. But now thofe clergymen are en¬ 
joined by act of parliament to fnbfcribe the 39 ar¬ 

ticles of the church of England ; fo that the princi¬ 
ples of their faith are well known. No doubt there 
are differences of opinion among them about the fenfe 

of fome of thofe articles ; and it is well known that 
there are fimiiar differences among the Englifh clergy 
themfclves: but there is every reafon to believe, that 

the faith of the Scotch Epifcopalians has, in every 
important point, been at all times orthodox. 

We are aware, that they have been reprefented as 
unfriendly to the Englifh fervice ; but fueh a represen¬ 
tation appears to be either a wilful falfehood, or the 
offspring of ignorance. The only reformed liturgy 
that ever had the fan 6t ion of a civil eftablifhment in T 

Scotland, is the Bock of Common Prayer, and Admini Their wor* 
Jlration of the Sacraments, and other parts of Di vine Ser- fhip. 
vice authorifed by King Charles I. In that book, the 

order of adminiftration of the Lord’s Supper differs in 
fome particulars from the Englifh order, and is nnquef- 
t ion ably better -adapted to the opinions of thofe who 

confider that holy ordinance either as an euchariftical fa- 
enfiee, or as a feaft upon a facrifice. In the one or 
other of thefe lights, the Lord’s Supper is viewed by a 

great majority of the Scotch Epifcopalians ; and of 
courfe the Scotch communion office is ufed in a great 
majority of their chapels : but it is not ufed in them 
all. T. heir bifhops, who, when in England, communi¬ 

cate with the eftablifhed church, leave the inferior cler¬ 
gy at liberty to ufe either the Englifh or the Scotch 

form, as is moft agreeable to themfelves and to the 
people among whom they mini Her; and to filence the 
clamour of fymbolizing with the church of Rome, 

which was fome years 'ago either ignorantly or malici- 
oufly raifed againft them, they altered the arrangement* 
of the Scotch prayer of confecration, fo as not only to 
bring it nearer to the moft primitive forms, but alfo to 

make it absolutely inconfiftent with the real prefence 
as taught either by the church of Rome or by the Lu¬ 

theran churches. On this fubje&, feeGreek-Church 
n° 17. in this Supplement* 

. Thu.s ^ave we given a fhort view of the diftfnguifh-Englifli 
mg principles of what muft furely be confidered as a clergymen, 
very refpeaable fociety of Chriftians, and the* only re- in Scotland. 

formed 
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formed Epifcopal fociety in that part of Great Britain 
called Scotland. There are, indeed, chapels in Scotland 

, diilindl from the church of vyhicff vve have been treat- 
•ing, where the Englifh liturgy is read by clergymen 
who have received Epifcopal ordination either In Eng¬ 

land or in Ireland ; but thole chapels being all inde¬ 
pendent of each other, and under the infpettion of no 

biihop, the perfons who frequent them feelm to be ra¬ 
ther Congregationalifls than Episcopalians, and certain¬ 

ly do not eonllitute what can, with any propriety, be 
called an Epifcopal achurch. 

EQUANT, in adfonomy, a fanciful circle, intro¬ 
duced into fcience to remove fome of the defedls of the 
Ptolemaic fyilem of the univerfe. In this artificial 
fyltem of epicycles and eccentric circles, the idea of cir¬ 
cular and equable motion was by no means abandoned ; 
but while each of the heavenly bodies revolved in its 
own orb, the centre of that orb was fuppofed to be car¬ 
ried at the fame time round the circumference of ano¬ 
ther circle. The more obvious inequalities were thus 
explained with a geometrical precilion. With all its 
nice combination, however, of circles, the fyflem was 

foon found to have defers ; to remove which, the fine 
contrivance of the equant was introduced. Though 
the angular motion of a planet viewed from the earth 
was confefTed to be unequal, a point could be conceived 
from which it would be feen to move with perfect uni¬ 
formity. That point was made the centre of the e- 
quant, and lay at the fame didance from the centre of 
the eccentricity on the one fide, as the earth was re¬ 
moved on the other. “ Nothing (fays Dr Smith, 
from whom this account of the equant is taken) can 
more evidently fhew how much the repofe and tranquil¬ 
lity of the imagination is the ultimate end of philofo- 
:jphy, than the invention of this equalizing circle.” 

EQUATION of a curve. See Algebra (En- 

cycl.) Part III. chap. ii. 
Secular Equation, in aftronomy. See Astronomy 

in this Supplement^ no 25—38. 
EQUICURVE circle, the fame with Circle of 

Curvature, which fee in this Supplement. 
Two Abyflinian fhrubs of 

the genus Mimosa, which 

fee EncycL 
ERKOOM, an Abyflinian bird, part of a large tribe, 

il in which (fays Mr Bruce) the greatefl variety lies in 
his beak and horn. The horn he wears fometimes upon 
the beak and fometimes upon the forehead above the 
root of the beak.” This bird is by naturalills called the 
Indian crow or raven; and our author, though lie 
feems to think this claflifieation improper, admits that 
he has one chare&eridie of the raven ; he walks, and 
does not hop or jump in the manner that many others 

of that kind do ; but then he at times runs with very 
great velocity, and, in running, very much refembles 
the turkey or buftard when his head is turned from 
you. 

The colour of the eye of this bird is of a dark brown, 
or rather reddifh, cad, but darker dill as it approaches 
the pupil; he has very large eyelafhes, both upper and 
lower, but efpecially his upper. From the point of 
the beak to the extremity of the tail is three feet ten 
inches; the breadth, from one point of the wing to 
the other extended, is fix feet, and the length twenty- 

two inches ; the length of the neck ten inches, and its 
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tliicknefs three inches and a half; the length of the 
beak, meafuring the opening near the head draight to ' 
the point, ten inches ; and from the point of the beak 

to the root of the horn, feven inches and three eighths. 
The whole length of the horn is three inches and a half. 
The length of the horn, from the foot to the extre¬ 
mity where it joins the beak, is four inches. The 
thicknets of the beak :n front of the opening is one 

inch and feven eighths. Phe thicknefs of the horn in 
front is one inch and five-eighths. The horn in height, 
taken from the upper part of the point to the beak, 

two inches. The length of the thighs feven inches, 
and that of the legs fix inches and five eighths. The 
tliicknefs in profile feven lines, and in front four lines 

and a half. It has three toes before and one behind, 
but they are not very ftrong, nor feemingly made to 

tear up carcafes. The length of the foot to the hinder 
toe is one inch fix lines, the innermoft is one inch 
feven lines, the middle two inches two lines, and the 

lad outer one two inches one line. This bird is all of 
a black, or rather black mixed with foot-colour ; the 
large feathers of the wing are ten in number, milk- 
white both without and within. The tip of his wings 
reaches very nearly to his tail ; his beak and head mea- 
fured together are eleven inches and a half, and his 
head three inches and a quarter. At his neck he has 
thofe protuberances like the Turkey-cock, which are 
light blue, but turn red upon his being chafed, or in 
the time the hen is laying. 

The erkoom, though not eafily raifed, dies (fays 
our author) both drong and far. It has a rank fmell, 

and is faid in AbyfTinia to feed upon dead carcafes. 
This, however, he thinks a midake, as lie never law it 
following the army, nor approaching a dead carcafe ; 
and as often as he had occafion to open this bird, he 
found in its domach nothing but the green fcarabeus 
or beetle. It builds in large thick trees, always, if it 
can, near churches ; lias a covered ned like that of a 
magpie, but four times as large as the eagle’s. It places 
its ned firm upon the trunk, without endeavouring to 
make it high from the ground : the entry is always on 
the ead fide. 

ETON is a place which, on account of its college, 
fhould not be omitted in a repofitory of arts, fciences, 
and literature ; and as no notice is taken of it in the 
Encyclopedia, we iliall deviate for oirce from the plan 
which we had laid down for this Supplement, and 
which is, not to admit into it deferiptions of places in 
our own ifland that may be vifited by the greater part 
of our readers with little trouble. 

Though in a different county, namely, Buckingham- 
fhire, Eton may be faid to be one and the fame town 

with Windfor, for which fee EncycL It is pleafantly 
fituated on the banks of the Thames, in a delightful 
valley, which is of a remarkably Wealthy foil. Its col¬ 
lege was founded by Henry VI. for the fupport of a 
provod and feven fellows, one of whom is vice-provod, 
and for the education of feventy King’s fcholars, as 
tlicfe are called who are on the foundation. Thefe, 
when properly qualified, are ele&ed, on the fird Tuef- 
day in Auguft, to king’s college Cambridge, but they 
are not removed till there are vacancies in the college, 
and then they are called according to feniority ; and * 
after they have been tliree years at Cambridge, they 

claim a fellowfhip. Befides thofe on the foundation 

tkesc 

Eton. 
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i. there are feldom lefs than three hundred fcholars, 

“'often many more, who board at the mailers houfes, or 
within the bounds of the college. The fchool is divi¬ 

ded into upper and lower, and each of thefe into three 
claffes. To each fchool there is a mailer and four 

affitlants or uihers. The revenue of the college is about 
L. 5000 a-year. Here is a noble library, and in the 
great court is a fine flatue of the founder, ere&ed at 
the expence of a late provoit Dr Godolphin dean of 

St Paul’s. The chapel is in a good ilyle of Gothic ar- 
chite&ure. The fchools and other parts, which are in 
the other ilyle of building, are equally well, and feem 
like the defign of Inigo Jones. 

At Eton there is a fingular, and we think a laudable, 
feilival called the Montem, celebrated triennidlly (for¬ 
merly duennially) by the fcholars of the fchool upon 

Whit-Tuefday. The following account of this feilival, 
taken from the Monthly Magazine, will probably'be 
acceptable to many of our readers. 

It commences by a number of the fenior boys taking 
poil upon the bridges or other leading places of all the 

avenues around Windfor and Eton foon after the dawn 
of day. Thefe youths fo polled are chiefly the bed 
figures, and the rnoil a&ive of the iludents; they are 
all attired in fancy dreffes of filks, fatins, See. and fome 

richly embroidered, principally in the habits or faihion 
of running footmen, with poles in their hands ; they 

are called falt-bearers > and demand fait, i. e. a contribu¬ 
tion from every paffenger, and will take no denial. 

When the contribution is given, which is ad libitum, 
a printed paper is delivered with their motto and the 
date of the year, which paifes the hearer free through 

all other fait-bearers for that day, and is as follows, viz. 
Pro more et monte, 

1799* (A) 
Vivant Rex et Regina.” 

Thefe youths continue thus colle&ing their fait at 
all the entrances for near feven miles round Windfor 
and Eton, from the dawn of day until about the clofe 
of the proceffiorl, which is generally three o’clock in 
the afternoon. 

The proceffion commences about twelve o’clock at 
noon, and confifts of the Queen’s and other bands of 

mufic; feveral flandards borne by different fludents ; 
alUhe Etonian boys, two and two, drefTed in officers’ 
uniforms ; thofe of the king’s foundation wearing blue, 
the others fcarlet uniforms, fvvords, &c. 

The Grand Standard bearer. 

The Captain, or Head Boy of Eton School. 
The Lieutenant, or Second Boy. 

His Majefty, attended by the Prince of Wales, and 
other male branches of the royal family on horfeback, 
with their fuite 

The Queen and PrincefTes in coaches, attended by 
their fuite. 1 

Band of mufic, followed by a great concourfe of the 
Nobility and Gentry in their carriages and on horfe¬ 
back. 

The proceffion commences in the great fquare at 
Eton, and proceeds through Eton to Slough, and round 
to -Salt Hill, where the boys all pafs the king and 

queen in review, and afeend the Montem ; here an ora- 
Suppl. Vol. I. Part II. 
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and tion is delivered, and the grand ftandard is difplayed 

with much grace and aClivity by the flandard bearer, 
who is generally fele&ed from among the fenior boys. 

There are two extraordinary falt-bearers appointed 
to attend the king and queen, who are always attired 

in fanciful habits, in manner of the other falt-bearers 
already deferibed, but fnperbly embroidered. Thefe 

falt-bearers carry each an embroidered bag, which not 

only receives the royal fait, but alfo whatever is collett- 

ed by the out-flationed falt-bearers. The donation of 
the king and queen, or, as it is called upon this occa- 

fion, the royal fait y \ s always fifty guineas each; the 

Prince of Wales thirty guineas ; all the other princes 
and princeffes twenty guineas each. As foon as this 

-ceremony is performed, the royal family return to 

Windfor. The boys are all fumptuoufiy entertained at 
the tavern at Salt Hill ; and the beautiful gardens at 
that place are laid out for fnch ladies and gentlemen as 

choofe to take any refrdhments, the different bands of 
mufic performing all the time in the gardens. 

About fix o’clock in the evening all the boys return 
in the fame order of proceffion as in the morning (with 
the exception only of the royal family), and, marching 

round the great fquare in Eton fchool, are difmilfeiL 
The captain then pays his refpeds to the royal family 
at the queen’s lodge, Windfor, previous to his depart 
ture for Ring s College, Cambridge ; to defray which 

expence, the produce of the montem is prefented to 

him; and upon Whit-Puefday, in the year 1*796, it 
amounted to more than 1000 guineas. The day con¬ 
cludes by a brilliant difplay of beauty, rank, and fa- 

fhion, a promenade on Windfor Terras, bands of mufic 
peifoiming, See. and the feene highly enlivened and en¬ 
riched by the affable coudefcerifion of the royal family, 
who indifciiminately mix with the company, and oa- 
rade the Terrace till nearly dark. 

Spontaneous EVAPORATION. See Weather, 
no 17, Sec. Encycl. 

EUDIOMETER, an mflrument for afeertaining 
the purity of the atmofpherical air. Many have been 

the contrivances of chemifts for this purpofe (lee Eu¬ 

diometer, Encycl.) ; but perhaps the bell eudiometer 
is that of Morveau (or Guyton, as he now choofes to 
call himfelf), of which mention has been made in Che¬ 

mistry, nw42o. in this Supplement. The following 
fhort defeription will make the nature and ufe of llus 
mflrument plain to every reader. 

AB, (Plate XXVIII.) reprefents a fmallglafs retort 
with a long neck; its whole capacity being from feven 

to nine folicl inches. It mufl be chofen of fuch a cur¬ 
vature that, when the neck is fet upright, the bulb may 
form at its lower part a cavity to retain the matters in. 

troduced. The extremity of the neck of this retort 
is ground with emery to enter the glafs tube CD, 
which is open at both ends, and about 12 or 15 inches 

m length. The retort then clofes the tube in the man¬ 
ner of a ground (topper, and intercepts all external com¬ 

munication. A cylindrical glafs veffel F is provided, 
of the form of a common jar, in which the glafs tube 

CD may be entirely plunged beneath the level of the 
water. Lafily, the fulphuret of potafh is prepared and 

broken into pieces fufficiently final! to be introduced 

4 J- into 

Eton, 
Eudiome¬ 

ter. 
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(a) Or whatever the year may be. 
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Thefe are to be inclofed, dry and even 

.. for ufe. Thefe conftitute the whole 

apparatus and preparation of materials. 
When it is required to examine an aeriform fluid, by 

feparating its oxygen, two or three pieces of the fuU 
phuret, of the fize of a pea, are put into the retort. It 
is then filled with water, taking care to incline it fo that 

all the air may pafs out from the bulb. The orifice of 
the retort is then to be clofed, arid inverted into the 
pneumatic tube, in order that the gas propofed for exa- 
mination may be transferred into it in the ufual manner. 

By an eafy manoeuvre of alternately inclining the re¬ 
tort in different directions, all the water is made to flow 

out of the bulb in which the fulphuret remains. When 
this is done, the retort is placed in the vertical fituation, 
and its extremity introduced into the tube of glafs CD, 
which rauit always be under water. A fmall lighted 

taper is then to be placed under the bulb. To fupport 
the retort in its pofition, the jar is provided with a 
wooden cover, in which there is a notch to receive it. 

The fir ft impreflion of the heat dilates the gafeous 

fluid fo much that it defeends almoft to the bottom of 
the tube, which is difpofed exprefsly for its reception ; 
otherwife the partial efcape would prevent an accurate 
determination of its change of bulk. But as foon as 

the fulphuret begins to boil, the water quickly rifes, not 
only in the inferior tube, but likewife in the neck of 
the retort, notwithftanding the application, and even 

the increafe of the heat. 
If the fluid be abfolutely pure vital air, the abforp- 

tion is total. In this cafe, to prevent the rupture of 
the veflel by too fudden refrigeration, the afeent of the 
water muft be rendered flower, either by removing 
the taper, or by increaflng the perpendicular height ; 

which will not prevent the abforption from continuing 

while any gas remains which is proper to fupport com- 

bullion. , • 
If the fluid be common air, or oxygen mixed with 

any other gas, the quantity of water which has entered 
the retort muft be accurately meafured after the cooling. 
It reprefents the volume of air abforbed. Care muft be 
taken to inclofe the remaining gas under the fame pref- 
fure, by plunging the retort to the level of the line at 
which the inclofed water refts, before the orifice is 

flopped. , 
This operation of meafuring, which is very eafy wnen 

meafuring veffels are at hand, may be habitually per¬ 
formed by a flip of paper pafted on the neck of the re¬ 
tort, upon which diviflons are drawn from obfervation, 
and which muft be covered with varnilh to defend it 

from the a&ion of the water. 
EUDOXUS of Gnidus was a celebrated philofopher 

of the fchool of Pythagoras. His firft preceptor was 
Archytas, by whom he was inftrudled in the principles 

of geometry and philofophy. About the age of twenty- 
three he came to Athens ; and though his patrimony 
was fmall, by the generous aftiftance of Theomedon a 
phyfician, he was enabled to attend the fehools of the 
philofophers, particularly that of Plato. The liberality 
of his friends afterwards fupported him during a vifit to 
Egypt, where he was introduced by Agefilaus to king 

Neftanebis II. and by him to the Egyptian priefts. It 
has been faid that he accompanied Plato into Egypt ; 
but this is inconfiftent with chronology ; for Nedtane- 

bis II. reigned in Egypt from the fecond year of the 

Evolu'e. 
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hundred and fourth Olympiad, to the fecond year of Evasion 

the hundred and feventh ; and it was before Plato open¬ 
ed his fchool, that is, before the ninety-eighth Olym- v 

piad, about the fortieth year of his age, that he vifited 
Egypt. Eudoxus is highly celebrated by the ancients 

for his (kill in aftronomy ; but none of his writings on 
this or any other fubjeift are extant. Aratus, who has 
deferibed the celeftial phenomena in verfe, is faid to 
have followed Eudoxus. He flouriflied about the nine- 
ty-fevefcth Olympiad, and died in the fifty-third year 

of his age. Etifeld's Hijl. of Philofophy. 
EVECTION is ufed by fome aftronomera for the 

libration of the moon, being an inequality in her mo¬ 
tion, by which, at or near the quadratures, lhe is not in 
a line drawn through the centre of the earth to the fun, 
as (he is at the fyzygies, or conjunction and oppofition, 

but makes an angle with that line of about 2° 51'. The 
motion of the moon about her axis only is equable ; 
which rotation i^ performed exa&ly in the fame time as 

fhe revolves about the earth ; for which reafon it is that 

fhe turns always the fame face towards the earth nearly, 
and would do fo exactly, were it not that her monthly 

motion about the earth, in an eliptic orbit, is not e- 
quable ; on which account the moon, feen from the 
earth, appears to librate a little upon her axis, fome- 
times from eaft to weft, and fometimes from weft to 

eaft ; or fome parts in the eaftern limb of the moon go 
backwards and forwards a fmall fpace, and fome that 
were confpicuous are hid, and then appear again. 

The term eveCtion is ufed by fome aftronomers to 
denote that equation of the moon’s motion which is 
proportional to the fine of double the diflance of the 

moon from the fun, diminifhed by the moon’s anoma¬ 
ly. This equation is not yet accurately determined 

fome Hate it at i° 30', others at i° 36', &c. It is the 
greateft of all the moon’s equations, except the equa¬ 

tion of the centre. Hutton's Dictionary. 
EVENLY even number. See Number, EticycL 

Evealt Odd Number. See Number, Encycl. 
EVOLVENT, in the higher geometry, a term ufed 

by fome writers for the involute or curve refulting from 
the evolution of a curve, in contradiftin&ion to that 

evolute or curve fuppofed to be opened or evolved. See 

Evolute and Involute, Suppl. 
EVOLUTE, in the higher geometry, a curve firft 

propofed by Huyghens, and flnee much ftudied by ma¬ 
thematicians. It is any curve fuppofed to be evolved 

or opened, by having a thread wrapped clofe upon it, 
fattened at one end, and beginning to evolve or unwind 
the thread from the other end, keeping the part evol¬ 

ved or wound off tight ftretched; then this end of the 
thread will deferibe another curve, called the involute. 
Or the fame involute is deferibed the contrary way, by 
wrapping the thread upon the evolute, keeping it al¬ 

ways ftretched. For the Involution and Evolu¬ 

tion of Curves, fee Involution in this Supplement. 
Imperfect E volute, a name given by M. Reaumur 

to a new kind of evolute. The mathematicians had 

hitherto only confidered the perpendiculars let fall from 
the involute on the convex fide of the evolute : but if 

other lines not perpendicular be drawn upon the fame 
points, provided they be all drawn under the fame an¬ 

gle, the effea will ftill be the fame ; that is, the oblique 
lines will all interfe& in the curve, and by their inter- 

fe&ions form the infinitely (mail fides of a new curve, 
to 
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Euphon. to which they would be fo many tangents. Such a produced a flar-formed figure ; and the author, having Euphon. 

~v-curve is a kind of evolute, and has its radii ; but it is continued his researches, pnblifhed the refult of them in 
an imperfect one, fmee the radii are not perpendicular a work entitled, Difcoveries refpe&ing the Theory of 
to the firft curve or involute. Sound, printed at Lefpfic in 1787. 

EUPHON, a mufical inftrument invented lately by Whilft he was employed in thefe invefligations, he 
Dr Chladni of Wittenberg, well known by his various refolved to invent a new mufical inftrument; and he be- 
publications on philofophieal fubje&s, efpecially the the- gan to confider whether it might not be poffible by 

ory of mnlical founds. The euphon con fills of forty- rubbing glafs t,ubes in a itraight line, with the wet fin- 
two immoveable parallel cylinders of glafs of equal gers, to produce founds in the fame manner as is done 
length and thicknefs ; but its conflru&ioii, tone, and in the harmonica by rubbing them circularly That 
the method of playing it, are totally different from thofe glafs tubes, like thole in his euphon, would not merely 
of the harmonica, with which indeed it has nothing in by fuch rubbing emit any tones, he had long known 

common but the glafs. See Harmonica, EncycL by theory and experience; and he therefore applied 
Dr Chladni gives the following account ol his inven- himfelf to the folution of the difficult queftiun, in what 

tion. In his 191I1 year he began to learn to play the manner the inftrument ought^to be conftruiled to an¬ 

il arpfi chord ; and he afterwards read a great many of fwer the intended purpofe ? After various fruitlefs at- 
the principal works on the theory of inufic, by which tempts for a year and a half, during which hi$ imagi- 

he found that the ph) fico-mathematical part of that nation was fo full of the idea, that fometimes in his 
fcfence was far more defective than other b anches of dreams he thought lie law the inftrument and heard its 

natural philofophy. Being therefore pofTefied with an tones, that is, like thole of the harmonica, but with 
idea that his time could not be bet ter employed than more diflin&nefs and lefs confufion, he at length, in a 
in endeavouring to make difeoverjes in this department, ftate between fleeping and waking , obtained a Solution 

he accordingly tried various experiments on the vibra- of the problem which haft given io much employment 
tions of firings and jhe different kinds of vibration in to his thoughts. On ,the fecond of June 1789, being 
cylindric pieces of wood, firft difeevered, through cal- tired with walking, he fat down on a chair, about.nine 
dilation, by the elder Euler; and found, that though in the evening, to enjoy a lliort (lumber; but fcarcely 

a great deal had been faid on the nature of thefe elaftic had he clofed his eyes when the image of an iiiflru- 
bodies, yet the manner of vibration and the proportion ment, fuch as he uifhed for, feemed to prefent itfelf 
of tonts in other elaftic bodies, which do not proceed, before him, and t .inried him fo much that he awoke as 
as in the former, in ftraight lines, but depend on the if he had been fit i rk by an cledlric ftiock. He imme- 
vibration of whole furfaces, were totally unknown, and diately ftarted tip in a kind of enthufiafrn ; and made a 

that the little which had been written on that fubje6l, feries of experiment, which convinced him that what he 
by fume authors, did not correfpond with nature. He had feen was pertctliy right, and that he had it now in 
had already long remarked, that every plate of glafs or his power to carry -s dtfig. into execution. He made 
metal emitted various tones according as it was held his experiments aim conilrubted his firft inftrument ia 
and (truck in different places; and he was defirous to fo private a manner that no peifon knew any thing of 
difeover the caufe of this difference, which no one had them. On the 6th >f March 179 his firft inihument 
ever examined. He fixed in a vice the axle of a brafs pf this kind was completed ; and in a few days he was 
plate which belonged to a polifhing machine, and found, able to play 011 it j eaiy pieces of niufic. It was 

that by drawing the bow of a violin over it, he produ-* now neceffary to give to this inftrument, as it was en- 
ced very different tones, which were ftronger and of tirely new, a new' name ; and that of euphon, which fia. 

longer duration than thofe obtained merely by ftri- nifies aiginftrument that has a plcafant lound, appeared 
king it. • to him the moil proper. * 

The obfervation, that not only firings but alfo other It was not, however, brought to perfe&ion at once, 
elaftic bodies may be made to produce founds by draw- for he made a fecond inftrument which was an improve- 
ing a violin bow over them, Dr Chladni does not give ment* of the firft, and a third which was an improve- 
as a difeovery of his own ; as the fo called iron violin ment of the fecond. In found, indeed, and particularly 
has beert long known, and as he had read of an inftrti- in the higher tones, the firft was equal to either of the 

*lnallpro-ment conflru&cd in Italy*, where glafs or metal bells other two; but the confirmation was deficient in 

Hawaii were mac*e to by means of two or more violin ftrength, fo that every week fome hours were neceffary 
ofthe Able^°.ws. ^rawn over them. But the idea of employing to keep it in proper repair; and it was impoffible to 
Mazzuchi. this inftrument to examine vibrating tones was firft: en- convey it the diftanoe of a mile without almofl totally 

tertained by himfelf. Having accurately remarked the deflroying it. Dr Chladni alfo, for want of better 
tones produced by the abovementioned metal plate, he tubes, employed thofe ufed for thermometers, and mark- 

found that they gave a progreffion which correfponded ed the whole and half tones by a coating of fealincr wax 
with the fquares of 2, 3, 4, &c. on the under fide ; but as the wax, owing to the^moi- 

Not long before he had read, in the Tranfa&ions of flure and vibration, often cracked and flew off, it was 

the Royal Society of Gottengen, the obfervations of attended with danger to the eyes. It was therefore 
Mr Lichtenberg on the phenomena produced by flrew- extremely difficult to give to the confirmation of the 
ing pounded refin over a glafs plate or cake of refin, inftrument fufficient ftrength ; but this the inventor at 
and he repeated many of his experiments. This led length accomplifhed, fo that his new euphon cannot be 

him to the idea that, perhaps, the various vibratory injured or put out of tune either by playing or by car- 

movements of fuch a plate would be difeovered by a di- riage. The third inftrument was fomewhat different 
verfity of phenomena, if he ftrewed over it fand or any from the firft and fecond; as the fore part, which in the 

thing of the like kind. By this experiment there was two former rofe upwards with an oblique angle, flood 

4 L 2 at 
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Eup!ion, at right angles, fo that it could be tranfported with 

Euphorbia. eafe in fl particular carriage made for that purpofe. I11- 

1 head of the thermometer tubes ufed in the firft, the 
Do&or now employs tubes of different colours. In the 

feeond inftrument thofe for the whole tones were of 

dark green glafs; but he ufed for the half tones, in 
both, a milk white kind of glafs. In a word, the 
euphon has fome refemblance to a fmall writing-defk. 
When opened, the abovementioned glafs tubes, of the 

ihicknefs of the barrel of a quill and about 16 inches 
long, are feen in a horizontal pofition. 1 hey are wet* 
ted with water, by means of a fpouge, and ftroked with 

the wet. fingers in the dire&ion of their length, fo that 
the increafe°of the tone depends merely on the itronger 

or weaker prefihre, and the flower or quicker move¬ 
ment of the fingers. The number of tubes at pvefent 
is forty-two. In the back part there is a perpendicular 
founding-board divided in the middle, through which 
the tubes pafs. It appears therefore that the euphon 
ought not to be confidered as an altered or improved 
harmonica, but as a totally new and different infirm 

ment. In regard to fweetnefs of found, it approaches 
very near to tlie harmonica; but It has feveral advantages 
which no,unprejudiced perfon, who examines both in- 

liruments, will deny. 
i. It Ampler, both in regard to its conftru&ion and 

the movement neceffary to produce the found, as nei¬ 
ther turning nor flampiug is required, but merely the 
movement of the finger. 2. It produces its found 
fpeedier; fo that as foon as it is touched you may have 
the tone as full as the inflrnment is capable of giving 
it; whereas, in the harmonica, the tones, particularly 
the lower ones, rmift be made to increafe gradually. 
3. It has, more diflin&nefs in quick paffages, becaufe 

the tone6 do not refound fo long as in the harmonica, 
where the found of one low tone is often heard when 

you wifh only to hear the following tone. 4. The uni- 
fon is purer than is generally the cafe in the harmoniea, 
where it is difficult to have perfeft glafles, which in 
every part give like tones with mathematical exa&nefs. 

It is however as difficult to be tuned as the harmo¬ 
nica. 5. It does not affed the nerves of the performer; 
for a perfon fcarcely feels a weak agitation in the fingers; 
whereas in the harmonica, particularly in concords of the 

lower notes, the agitation extends to the arms, and even 
through the whole body of the performer. 6. The ex¬ 

pence of this inftrument will be much lefs in future than 
that of the harmonica. 7. When one of the tubes 
breaks, or any other part is deranged, it can be foon 
repaired, and at very little expence ; whereas, when one 

of the glafles of the harmonica breaks, it requires much 
time, and is very difficult to procure another capable of 
giving the fame tone as the former, and which will cor- 

refpond fufficiently with the feries of the reft. 
EUPHORBIA (See EncycL). Of this plant three 

new fpecies were difeovered by Le Vaillant during his 

XXVIII ^ trave^s ^nto t^ie inter^or part? of Africa. The firft, 
%. 1. * which he calls the CucumbertEuphorbia, adheres to 

the earth no otherwife than by a few (lender roots. It 
rifes to the height of nine or. ten inches only ; and ex- 
adly refembles a cucumber, of which it has the bent 
fhape. It contains abundance of milky juice, which 
appeared to him as cauftic as that of the great euphor¬ 
bia. Its colour, which is a yellowifh-green,. tinted with 

a beautiful fhade of violet towards the root, gives it a 
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very attractive appearance : but woe betide the man who Euphorbia 
fhould be tempted to eat of it has it is a virulent poifon. ^ J1 . 
The fecond, to which he gave the name of the Melon- t xce” 

ribbed Euphorbia, does not rife more than three orFig. a. 

four inches from the ground, to which it adheres by a 
collection of fibrous roots, iffuing from feveral tubercles 
difpofed in the manner of a crown. The flem forms a 
flatted globe excavated at the fummit, and has ribs like 
the apple which in France is called calville blanche. 

Thefe ribs are elevated, thick, and convex, have a 
greenifh colour, and are marked with brown tranfverfal 

bands. From the fummit of the ribs iffue feveral little 
tufts of pedunculate flowers. The third he called the 

Caterpillar-Euphorbia, becaufe when he firft found Fig. 3, 

it, he thought he perceived on it feveral beautiful cater¬ 

pillars. The defeription of it in a few words is as fol¬ 
lows: From a very large tuberous root, which here and 
there throws out a few thready fibres, iffue feveral ilalks 
almoft of the length of the finger .* they creep along the 
ground, are twifted, woody, deftitute of leaves, and fur- 

nifhed with feveral rows of round tubercles, each guard¬ 

ed by two prickles. 
All thefe kinds of euphorbia are to be dreaded, the 

laft two in particular ; becaufe being low and mixed 
with the herbage like mufhrooms, animals, as they feed, 
run the rifle of eating them with their pafture. Our 
author confirms the account which has been given in 

the Encyclopedia of the favages poifoning the refervoirs 
of water with this plant, in order to procure the game 
which fnall drink of it. To effe& the death of the 

animal, it is neceffary that the poifon reach the blood 
and mingle with it. Yet, unconceivable as it may be, 

the animal, though poifoned, is not the lefs wholefome 
food, as our author fays he has experienced. However 
great may be the proportion of euphorbia thrown into a 

pond of water, he is perfuaded that it never diffufes itfelf 

through the whole mafs. It is his opinion, that the 
poifon is a refinous juice, which, being from its nature 
incapable of combining with water, fwims on the fur- 
face, and there forms a fhining greenifh oil, which with 
a little attention may be difeerned by the naked eye 
when the furface is fmooth. I tried (fays he) the qua¬ 
lities of this oil on myfelf, taking with a ftraw, from 
the furface of the bafin, afingle drop, which I put upon 
my tongue ; and it gave me that kind of burning pain 

which a cauftic occafions. I then took up fome water 
from the refervoir in the hollow of my hand, and blow¬ 

ing oft’ the oily fluid which fwam on the furface, I dip¬ 
ped the end of my tongue into the remainder, but could 
not perceive in it the flighted tafte different from that 
of water itfelf. He feems to think that milk is an an¬ 

tidote to the poifon of euphorbia; becaufe he fqueezed 
fome of the juice into a bafon of milk and gave it to 
an ape, which fwallowed part of it without the leaft 

injury. He confeffes, however, that the dofe was 

trifling. 
EUSTYLE, is the beft manner of placing columns, 

with regard to their diftance ; which, according to Vi* 

truvius, fhould be four modules, or two diameters and 

a quarter. 
EXCENTRIC, or Excentric Circle, in the an¬ 

cient Ptolomaic aftronomy, was the very orbit of the 

planet itfelf, which it was fuppofed to deferibe about the 

earth, and which was conceived excentric with it; called 

alfo the deferent,: s 1 - • t 
Xnfteadr 
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Sxcentric Inftead of thefe excentric circles round the earth, the 

li moderns make the planets defcribe elliptic orbits about 
Expe&a- ^ pun . acCounts for all the irregularities of their 

i _ - motions, and their various diflances from the earth, &c. 

more juilly and naturally. 
Excentric, or Excentric Circle, in the new aftrono- 

my, is the circle defcribed from the centre of the orbit 
of a planet, with half the greateft axis as a radius; or it 

is the circle that circumferibes the elliptic orbit of the 

planet. 
EXCHANGE. See EncycL under that word, and 

likewife under Bills of Exchange, where the antiquity 
of fuch bills, efpecially among the Chinefe, is mention¬ 
ed. In Profeffor Beckmann’s Hiftory of Inventions the 

reader will lind an ordinance of the year 1394 concern¬ 
ing the acceptance of bills of exchange, and alfo copies 
of two bills of the year 1404, which fufficiently prove 
that the method of tranfaCling buiinefs by bills of ex¬ 
change was fully eftablifhed in Europe fo early as the 

fourteenth century ; and that the prefent form and 
terms were even then ufed. The ordinance, which was 
iflued by the city of Barcelona, decreed that bills of ex¬ 
change finould be accepted within twenty-four hours 
after they were prefented, and'that the acceptance fiiould 

be written on the back of the bill. 
But there are queftions relating to bills of exchange 

of much greater importance than their antiquity ; and 

thefe queftions are not yet decided. For inftance, 
Ought a bill of exchange to be confidered by the law 
merely as a depofit belonging to the drawer, and fuccef- 
fively confided to the remittees ? or fhould it be confi¬ 

dered as transferable property, at all times abfolutely 
vefted in the holder, whofe negleCl therefore, when it 

vitiates the value, falls wholly on hfmfelf l 
In a work publifhed 1798 by Profefior Bufch of 

Hamburgh, entitled, Additions to the Theoretical and 
Pradical Delineation of Commerce (a), the reader will 
find fome arguments, which, to fay the leaft of them, 
arc certainly plaufible, to prove that bills of exchange 
ought to be at all times confidered as the abfolute pro¬ 
perty of the holder. This theory is then applied to 

the difficult and ftill unfettled cafe of the holder of a 
bill having many indorfements, where the drawer, 

drawee, and early indorfers, have all failed. It is evi¬ 
dent that, if the holder proves under each bankruptcy 
the whole amount of the bill, he will receive much more 
than his due. May he. make his ele&ion where to 
prove the whole demand, and where to prove the refi- 
due? or ought he not (which feems moft equitable) to 
be compelled to prove his debt againft his immediate 
predecefibr only ?—the afiignees of that predecdfor 
proving in their turn, in like manner (each party once 
only), back to the drawer. This is a cafe of great 
importance to difcounters, and the-reader will find 
fome judicious obfervations on it in the Profeffor’s 

work. 
EXEGESIS, or Exegetica, in algebra, is the 

finding, either in numbers or lines, the roots of the e- 
quation of a problem, according as the problem is either 

numeral or geometrical. 
EXPECTATION of Life, in the doChine of life 

annuities, is the ftrare, or number of years of life, which 

a perfon of a given age may, upon an equality of chance, 

expeCl to enjoy. 
By the expectation or (hare of life, fays Mr Simpfon 

(Select Exercifes, p. 273), is not here to be underftood 
that particular period which a perfon hath an equal 

chance of furvivfng ; this laft being a different and more 
fimple confideration. The expectation of a life, to put 
it in the moft familiar light, may be taken as the num¬ 

ber of years at which the purcliafe of an annuity, grant¬ 

ed upon it, without difcount of money, ought to be, va¬ 
lued. Which number of years will differ more or lefs 
from the period abovementioned, according to the dif¬ 

ferent degrees of mortality to which the feveral ftages 
of life are incident. Thus it is much more than an 
equal chance, according to the table of the probability 
of the duration of life which the fame author has given 

us, that an infant, juft come into the world, arrives 
not to the age of ten years ; yet the expectation or 
fhare of life due to it, upon an average, is near twenty 
years. The reafon of which wide difference is the great 
excefs of the probability of mortality in the firft tender 

years of life, above that refpeCting the more mature and 
flronger ages. Indeed if the numbers that die at every 
age were to be the fame, the two quantities above fpe- 
cified would alfo be equal; but when the faid numbers 
become continually lefs and lefs, the expectation muff 
of confequence be the greater of the two. 

EXPONENTIAL Calculus, the method of dif¬ 
ferencing, or finding the fluxions of exponential quan¬ 

tities, and of lumming up thofe differences, or finding 
their fluents. 

Exponential Curve, is that whofe nature is defined^ 
or exprefled by an exponential equation 5 as the curve 
denoted by ax = y, or by xx zz y. 

Exponential Equation, is one in which is contain¬ 
ed an exponential quantity as the equation a* = b, dr 
x* = a b, &c. 

Exponential Quantity, is that whofe power is a 
variable quantity ; as the exprefiion ax, or xx. Expo¬ 
nential quantities are of feveral degrees and orders ac¬ 

cording to the number of exponents or powers’, one over* 
another. 

EXTRA-Constellary Stars, fuch as are not 
properly included in any conftellation. ' 

Extra-Mundane Space, is the infinite, empty, vokE 
fpace, which is by fome fuppofed to be extended be¬ 
yond the bounds of the uriiverfe, and confequently Jfri 
which there is really nothing at all. The phrafe extra• 
mundane fpace has been fo long in ufe among our bell 
writers, that it is now impofiible to banifh it from the 
language ; and yet it has been the fource of fome exi 

trayagant miftakes. Many philofopbers coniider fpace 
as fomething real, diftinCt both from body and mind ; 
and no lefs a man than Dr Clarke confidered it as ail 
attribute of the Deity. Yet we think nothing more* 
evident, than that if body had never exifted, fpace would 
never have been thought of; and if this be fo, extras 
mundane fpace, inftead of denoting any real thing, or 

attribute infinitely extended, can mean nothing "more 
than the pojfibility. of enlarging the corporeal univerfC* 

however widely extended it may be. See Metaphysics* 
EncycL PartILch. iv. 

(a) Profefior Bufch publifhed in 1792 a work entitled A Theoretical and Practical Delineation of Commercei 

Exponen¬ 
tial, 

Extra-Con 0 
fleilary. 
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Extrado*, 
Exrrcmes, 
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EXTRADOS/the outfide of an arch of a bridge, 

vault, &c. See Arch in this Supplement* 
EXTREMES Conjunct, and Extremes DisjunSt, 

in fpherical trigonometry, are, the former the two circu¬ 
lar parts tjiat fie next the affumed middle part; and the 
latter are the two that lie remote from the middle part. 
Thefe were terms applied by Lord Napier in his uni- 
verfal theorem for revolving all right-angled and quad- 

rantal fpherical triangles, and publiflied in his Logarithm 
morum Canonis Defcriptio,ax\\\> 1614. In this theorem, 

Napier condenfes into one rule, in two parts, the rules 

for ail the cafes of right angled fpherical triangles, 

8 ] EXT 
which had been feparately demonftrated by Pitifcus, Extreme* 
Lanfbergius, Copernicus, Regiomontanus, and others. -v"— 

In this theorem, neglecting the right angle, Napier calls 
the other five parts circular parts, which are, the two 

legs about the right angle, and the complements of the 
other three, viz. of the hypothenufe, and the two oblique 
angles. Then taking any three of thefe five parts, one 
of them will be in the middle between the other two, 
and thefe two are the extremes conjunct when they are 
immediately adjacent to that middle part, or they are 

the extremes disjunct when they are each feparated from 

the middle one by another part. 

Face, or Facade, in archite&ure, is fometimes ufed 
Falconry. •*- for the front or outward part of a building, which 

immediately prefents itfelf to the eye ; or the fide where 

the chief entrance is, or next the dreet, &c. 
FALCONRY, is a fpecies of fport, about the an¬ 

tiquity of which there has been fome difpute. Un¬ 
der the word Hawking, Encycl. we have deduced what 
we thought fuflicient evidence of its being pradfifed 
among the Thracians, and likewife among the Britons 
before the invafion of this ifland by the Romans. Fla¬ 
vius Blondus, however, and Laurentius Valla, both wri¬ 

ters of the 15 th century, and the latter, one of the mod 
learned men of his time, affirm that no nation or people 
were accullomed to catch either land or water fowls 
with any rapacious bird trained for the purpofe. 

We were pleafed to fee our own opinion, fo different 
from this, completely eftablifned by the learned labours 
oF.Profeffor Beckmann. So early (fays he) as the time 
of Ctefias (and he refers to the page and edition of his 
author) hares and foxes were hunted in India by means 

* WJI Am- of rapacious biids. The account of Ariftotle *, how- 
maly lib ix. ever, is dill more to the purpofe, and more worthy of 

caP* 6* notice. “ In Thrace (fays he) the men go out to 
catch birds with hawks. The men beat the reeds and 
bnfhes which grow in marfliy places, in order to raife 

the fmall birds, which the hawks purfue and drive to 
the ground, where the fowlers kill them with poles.” 
The fame account is to be found in another book aferi- 
bed alfo to Aridode; and which appears, at any rate, 
to be the work of an author not much younger. Re- 
fpedling Thrace, which is fituated above AmphipoHs, 
a wonderful thing is told, which might appear incredi 
ble to thofe who had never heard it before. It is laid 

that boys go out into the fields, and purfue birds by 
the affidance of hawks. When they have found a place 
convenient for their purpofe, they call the hawks by 
their names, which immediately appear as foon as they 
hear their voices, and chafe the birds into the buflies, 
where the boys knock them down with flicks and 
feize them. What is dill more wonderful, when thefe 
hawks lay hold of any birds themfelves, they throw 
them to the fowlers 5 but the boys, in return, give 

them fome fhare of the prey. De mirabilibus aufcultat. Falconry, 

cap. 128. ’-v*"-4 
In this paffage, there are two additions which render 

the circumdance dill more remarkable. The firft is, 

that the falcons appeared when called by their names ; 
and the fecond, that of their own accord they brought 
to the fowlers whatever they caught themfelves. No¬ 
thing is here wanting but the fpaniel employed to find 
out game, the hood which is put upon the head of the 
hawk while it dands on the hand, and the thong ufed 
for holding it, to form a fhort defeription of falconry 
as flill practifed. Our falconers, when they have taken 

the bird from the hawk, give him, in return, a fmall 

fhare of it ; and in the like manner the Thracian hawks 
receive fome part of their booty. 

Other writers after Ariilotle, fucli as Antigonus, 
./Elian, Pliny, and Phile, have alfo given an account of 
this method of fowling. /Elian, who feldom relates 
any thing without fome alteration or addition, lays, that 

in Thrace nets were ufed, into which the birds were 
driven by the hawks ; and in this he is followed by the 
poet Phile. /Elian, alfo, in another place deferibes a 
manner of hunting with hawks in India, which, as we are 

told by feveral travellers, is it ill pratflifed in Perfia, where 
it is well underdood, and by other eadern nations. 

The Indians (fays he) hunt hares and foxes iu the 
following manner : They do not employ dogs, but 

eagles, crows, and, above all, kites, which they catch 
when young, and train for that purpofe. They let 

loofe a tame hare or fox, with a piece of fiefli fadened 

to it, and fuffer thefe birds:-to fly after it, in order to 
feize the defh, which they are fond of, and which, on 
their return, they receive as the reward of their labour. 
When thus indru£ted to purfue their prey, they are 
fent after wild foxes and hares in the mountains ; thefe 
they follow in hopes of obtaining their ufual food, and 
foon catch them and bring them back to their maders, 

as we arc informed by Ctefias. Indead of the flcfh, 
however, which was fadened to the tame animals, they 
receive as food the entrails of the wild ones which they 

have caught. 
It feems, therefore, that the Greeks received from In¬ 

dia 
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find Thrace the firft information refpefting the me- having got only to Kafan in 17731 he there obtained Falk, 

tiiod of fowling with birds of prey ; but it does not ap- permiffion to go and ufe the baths of Kifliar, from "““v— 

pear that this pradlice was introduced among them at which he returned again to Kafan at the end of the 
a very early period. In Italy, however, it mult have year, with his health apparently better, 

been very common, for Martial and Apuleius fpeak of But his difeafe foou returned with redoubled vio- 
it. as a thing every where known: the former calls a lence. From the month of December 1773 he had 
hawk the fowler’s fervant. never quitted his bed, nor taken any other nourifhment 

T. he ProfefTor traces the hiftory of this art with great than bread dried in the Swedifh manner (knaskebrced), 

learning down to the prelent time. It was carried to of which he fcarcely took once a day fome mouthfuls 
the highelt perfection at the principal courts of Europe dipped in tea. At fir lb he received the vilits of a few 
(he fays) in the 12th century, when the ladies kept friends; but afterwards denied himfelf to them, and 
hawjes, which were as much fondled by tliofe who was reduced to the ftridleft folitude. When M. Geor- 
wilhcd to gain their favour as lap dogs are at prefent. gi, member of the fociety of natural hiftory at Berlin, 
Among the oldeft writers on falconry, as an art, he who had been deftined to aflift and relieve the profeflbr 

reckons Demetrius, who about the year 1 270 was phy- in the duties of his expedition, went to fee him on this 
fician to the Emperor Michael Paleologus. His book, occafion, nothing feemed left of him but a fkeleton of 
written in Greek, was firft printed at Paris in 161 2 a wild and terrifying afpe£t. The few words he drew 
with a Latin tranllation ; but its precepts (fays our au- from him confifted in complaints, occafioncd by a holt 

tbor) would be thought of very little value at prefent. of difeafes which kept his body in torture, and threw 
IHor an account of the modern art of Falconry, fee him into the molt cruel fltepleffnefs. The laft evening 

Encyclopedia* M. Georgi kept him company till midnight. He fpoke 
FALK (John Peter), known to the world as one of little, and faid nothing that could give reafon to fuf- 

the fefentifie travellers employed by the late Emprefs pe£l the defign he was meditating. His hunter, and 
of Ruffia to explore her vaft dominions, was born in at the fame time his trufty fervant, offered to fit up 
Weftrogothia, a province in Sweden, about the year with him the night; but lie could not be perfuaded to 
1727. He ftudied medicine in the univerfity of Upfal, confent. 

and went, through a courfe of botany under the cele- M. Georgi being requefted the next day, March 31, 
brated Linnaeus, to whofe fon he was tutor. He pub- to come to the lodging of the unfortunate gentleman, he 
licly defended the difiertation (a) which that famous found him lying before his bed, covered with blood; 
botanift had compofed on a new fpecies of plants, which befide him lay a ra^.or, with which he had given him- 
he called ajlromeria, . felf a flight wound in the throat, the fatal piftol, and a 

In the year.1760, he was fo deeply afte&ed with de- powder-horn; all together prefenting a tremendous fpec- 
preffion of fpirits, that M. de Linne, in the view ofobli- tacle. He had put the muzzle of the piftol againft his 
ging him to take exercife and dfffipation, fent him to throat, and, refting the pommel upon his bed, lie dif- 
travel over the ifland of Gothland, to make a colledlion* charged the contents in fueh a manner, that the ball,, 
of the plants it produces, and the various kinds of corals having gone through his head, had ftuck in the cieling. 
and corallines which the fea leaves on its fhores. This His foldier had feeri him ftill fittting up in his bed at 
voyage was attended with 110 diminution of his diftem- four o’clock, at which time be ufually fell into a fhort 
per, which found a continual fupply of aliment in a fan- dumber. Iy his chamber was found a note written the 

guine melancholy temperament, in a too fedentary way evening before, betraying throughout the diftradted 
of life, and in. the bad Hate of his finances. ftate of his mind, but nothing declaratory of his defign, 

Profeflbr Forfkael having left Upfal for Copenhagen or that was of any importance, 

in 17f°, Falk^followed him thither,* in the defign of M. Falk, like all hypochondriac perfons, was not ve- 
applying, by the advice of M. de Linne, to be appoint- ry communicative, and on certain occadons was diftrufl- 
ed affiftant to M. Forfkael in his famous journey thro’ ful. But, at the fame time, he was of a fedate temper, 
Arabia ; but notwithftanding all the pains that M. Q2- complaifant, and upright, which made it a very eafy 
der, and feveral other men of literary reputation at Co- matter to bear with him, and fecure to him the indul- 

penhagen, took in his behalf, his application failed, as gence of all his acquaintance. His extreme fobriety 
the fociety that were to go on that important expedi- had enabled him to make fome favings from his pay, 
tiou was already formed. Obliged, with much difeon- though lie was very beneficent ; it was not, therefore,, 
tent, to return, he lierborifed as he travelled, and en- indigence that drove him to this a£l of violence. He 

rfehed the .Flora Suecica with feveral new difeoveries. was of a cold conftitution, preferring folitude and quiet 
A man in office at. St Peterfburgh having written to to fociety, to the company of his friends, and to ordi- 

^1. Linne to fend him a director for his cabinet of na- nary amufements, which yet he did not fhun, except 
tural hiftory, M. Falk accepted the poll, which led him in the latter period of his life. As to religion, he ffiew- 

to the chair of profeflbr of botany at the apothecaries ed on all occafions more refpedt for it than any ftrono* 
garden at St Peterfburgh,. a place that had been long effufions of zeal. It was folely to be aferibed to the 
vacant. His. hypochondriac complaint ftill continued violence of his diftemper, and the weaknefs of mind 
to torment him. When the Imperial Academy of Sci- which it brought on, that led him to put a period to 

ences. was preparing in 1768 the plan of its learned ex- his days. The fate of this unfortunate fcholar was ge- 
peditions, it took M. Falk into its fervice, though his nerally and juftly lamented. 

health was uncertain. He was recalled in 1771 ; but His papers were found in the greateft diforder. They 

__~__ contain*. 

(a) In the colle&ion known under the title of Lintuei Am&nitaUs Acadcmica. 
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banner, contain, however, very ufeful and important relations. 

fde particularly made it his bufinefs to inquire about 
the Kirguifes, and other Tartarian nations; and as he 
frequently remained for the fpace of nine months toge¬ 
ther in the fame place, he was enabled to procure fatis- 
faCtory notions concerning the objeCts of his inveftiga- 
tions. The®Imperial Academy, in 1774, appointed 
Profeffor Laxmann to arrange his manufcripts in order 

for publication ; which was done accordingly. 
FARMER (Richard, D. D.), fo well known as one 

of the commentators on Shakefpeai e, was a man of fucli 
pleafing, though fingular manners, that we regret the 

very imperfeCl account which we muft give of his life. 
One of us, who had the pleaftire of being a little known 
to him, has been fo much delighted with the natural 
cafe and pleafantry of his converfation, that we made 
ail the inquiries which we judged requifite to enable us 
to draw up fuch a biographical fketch of this agreeable 
man as might be acceptable to our readers, and not un¬ 
worthy of his character; but thefe inquiries were made 
in vain. Thofe to whom we applied knew little more 
of the incidents of his life than what we had previoufly 
found in a mifcellany, of which the writers feem to 
confider it as a principle of duty to vilify the character 
of every perfon who, like Dr Farmer, is the friend of 
order, and the enemy of fudden or rapid innovations. 
To that mifcellany, therefore, we mu ft be beholden for 
many fads; but we (hall certainly copy none of its ma¬ 

levolence. 
Dr Farmer was born at Leicefter 1735 ; but what 

v^as the Ration of his father we have not learned. Of 
his fchool education he received part, perhaps the whole, 
in his native town; and from fchool he was removed to 
the univerfity of Cambridge, where he devoted himfelf 
chiefly to claffical learning and the belles lettres. In 
1757 he was admitted to the degree of bachelor of arts; 
in 1760 to that of mafter of arts; a bachelor of divini¬ 
ty in 1767, and a do&or of divinity in 1775; in which 
year he was alfo ele&ed mafter of Emanuel on the de¬ 
cease of Dr Richardfon, and principal librarian on the 

•deceafe of Dr Barnardifton. 
The difturbances in America having by this time be¬ 

come ferious, the univerfity of Cambridge, with num- 
berlefs other loyal bodies, voted an addrefs to the king, 
approving of the meafures adopted by government to 
reduce the faftious colonifts to their duty. The ad¬ 
drefs, however, was not carried unanimoufly. It was, 
of courfe, oppofed by Jebb, fo well known for his free 
opinions in politics and religion, and by fome others, of 
whom one man, a member of the caput, carried his 
oppofition fo far, as a&ually to refufe the key of the 
place which contained the feal neceffary on fuch occa- 

fions. In this emergency, Dr Farmer, who was then 
vice-chancellor, is faid to have forced open the door 
with a (ledge-hammer; an exploit which his democrati- 
cal biographers affeCl to ridicule, by calling it his court¬ 
ly zeal, and the occafion of all his fubfequent prefer¬ 
ments. 

If it be indeed true that he broke the door in pieces 
with his own hands, his condudb muft be acknowledged 
to have been not very decorous; but if the office which 
he filled be taken into confideration, we apprehend it 
would be as difficult to prove that conduCl effentially 
wrong, as to vindicate the obftinate arrogance of him 

who occafioned it. The feai was the property of the 

univerfity, of which this outrageous fupporter of the Farmer 
bill of rights was but an individual member. The uni- m ,~~\ - 

verflty had refolved that it fliould be employed for a 
certain purpofe, which it was the duty of the vice chan¬ 
cellor to carry into effeCl; and fmee the feal was re- 
fufed to him, he had no alternative bu£ to get poffef- 

fion of it by force. We hope, however, that he em¬ 
ployed a fervant to break the door ; and, indeed, as 
vice-chancellor, he muft have had fo many Servants at 

his command, that it is not conceivable he would wield 

the fledge hammer himfelf. 
Some time after this he was made a prebendary of 

Canterbury, we believe through the recommendation of 
Lord North, then premier ; and it was at Canterbury 
that the writer of this fketch had the happinefs of be¬ 
ing introduced to him, and witneffing his hofpitality. 

After enjoying his prebend for feveral years, he refign- 
ed it on being preferred, by the prefent premier, to a 
refidentiaryfliip of St Paul's ; an'd we have reafon to 

believe that he declined a bifhopric, which was offered 
to him as a reward for the conftitutional principles 
which he was at pains to propagate, not only in his 

college, but, as far as his influence went, through the 

whole univerfity. 
It has been faid that the delights of the pipe and the 

bottle in Emanuel parlour outweighed, in his eftima- 

tion, the dazzling fplendor of the mitre; but he had 
other and better reaions for preferring a private to a 

public Ration. In early life, at lead before he was ad¬ 
vanced in years, he had felt the power of love, and had 
fuffered fuch a difappointment as funk deep in his mind, 
and for a time threatened his underftanding. From 
that period, though he retained his faculties entire, be 
acquired fome peculiarities of manner, of which he was 
fo far confcious as to be fenfible that they would hardly 

become the character of a bifhop: being likewife ftrong- 

ly attached to dramatic entertainments, which, if we 
miftake not, the Englifh bifhops never witnefs, and de¬ 
lighting in clubs, where he could have rational conver¬ 
fation without Rate or ceremony of any kind—he very 
wifely preferred his refidentiaryfhip to the higliell dig¬ 
nity in the church. At the time of his death, which 

happened in the autum of 1797? he was a fellow of the 
Royal and Antiquarian Societies, mafter of Emanuel 
college, principal librarian of the public library in the 
univerfity, one of the canons refldentiary of St PauPs, 

chancellor of the diocefe of Lichfield and Coventry, 

and prebendary of Worcefter. 
Though a good claffical fcholar, Dr Farmer has been 

celebrated only for that kind of literature which is con¬ 

nected with the Englifh drama ; and having a ftrong 
predileCtion for old Englifh writers, he ranked high 
among the commentators upon Shakefpeare. His ‘ Ef- 
fay upon the Learning of Shakefpeare,’ dedicated to 

Mr Cradock, the intelligent refident of Gumley-Hall 

in Leicefterfhire, has paffed through feveral editions. 
This effay was, in faCt, the firft foundation of his fame, 
which an unconquerable indolence prevented him from 
carrying to that height to which the exercife of his li¬ 

terary talents could not have failed to raife it. So great 
indeed was his love of eafe, that after having announced 
for fubferiptions a hiftory of Leicefterfhire, and actual¬ 

ly begun to print it, rather than fubmit to the fatigue 
of carrying it through the prefs, he returned the fub¬ 

feriptions, and prefented the MSS. and plates to Mr 
Nichols, 
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Nichols, the refpe&able printer of the Gentleman’s individual; and, with 

' Magazine, who has fince carried on the hiftory with a 
degree of fpirit, ability, and indufiry, perhaps unprece¬ 
dented in this department of literature; 

Indolence and the love of eafe were indeed the Doc¬ 
tor’s chief chara&eriflics ; and to them, with the dif- 

appointment already mentioned, may be attributed a 
want of propriety in his external appearance, and in 
the ufual forms of behaviour belonging to his ftation. 

The prevailing features of his chara&er diftinguifted 
themfelves by feveral oddities : There were three things, 
it was faid, which the mailer of Emanuel loved, viz*. 
old port, old clothes, and old books ; and three things 
which no one could perfuade him to perform, viz. to 
rife in the morning, to go to bed at night, and to fettle 

an account. When in-Cambridge, if an old houfe 
were pulled down, the mailer of Emanuel was always 

FAS 
. r ' ' . all his eccentricities, his death 

was a loft to that learned body, which, in the opinion 
of tome of its members, will not foon be made up. 

* tirne before his death, his charader was thus 
jufhly and ably drawn by the celebrated Dr Parr: 

“ Of any undue partiality towards the mailer of 
Emanuel College, I ft all not be fufpeded by thofe per- 
fons who know how little his fentiments accord with 
mine, upon fome ecclefiaftical, and many political mat¬ 
ters. From rooted principle and ancient habit he is a 

there in an old blue great coat, and a rufly hat. When 

in London, he was fure to be found in the fame garb 
at an old book-flail, or (landing at the corner of a dirty 
lanc^ poring through his glafs at an old play-bill. 

This charader is not drawn by a friendly pencil; 
but it is neverthelefs not unjiiil. ' His inattention to 
the common decencies of drefs and behaviour was noto¬ 
rious, infomuch that, in the company of flrangers, the 
eccentricity of his appearance and of his manners made 
him fometimes be taken for a perfon half crazed. The 
writer of this (ketch faw him one morning at Canter¬ 

bury dreffed in (lockings of unbleached thread, brown 
breeches, and a wig not worth a fliilllng; and when 
a brother prebendary of his, remarkable for elegance of 
manners, and propriety of drefs, put him in mind that 
they were to attend on the afehbiftop, Dr Farmer re¬ 
plied, that it had totally efcaped him ; but he went 

home, and dreffed himfelf like a clergyman. That he 
fat late reading, and occafionally drinking brandy and 
water, cannot be denied ; and it is literally true, that 
he could not, eafily be prevailed upon to fettle his ac¬ 
counts. Iiis accounts with fome of his pupils, when 
tutor of his college, were never fettled to the day of 
his death ; and the young gentlemen not unfrequently 

took advantage of this unconquerable indolence to bor- 
row of him conliderable fums, well knowing that there 
was 1 * tie chance of a demand being ever made upon 

their parents. One gentleman, in particular, told a 
friend of ours, who was himfelf a penfioner of Emanuel, 
that when he left that college, he was near fifty pounds 
in debt to Dr Farmer; “ a debt (faid he) which I 

would have fcrupuloufly paid, but,'after repeated feli¬ 
citations, I could get no bill from him.” 

Having been a warm partizan of government du¬ 
ring the American war, it will readily be believed that 
Dr Farmer was the determined enemy of levellers and 
anarchifts. _ He was fuch a whig as thofe who placed 
King William on the throne ; and of courfe deemed a 
violent tory by our prefent republicans, of whom, to 
fay the truth, he could hardly fpeak with temper. By 

his enemies he is admitted to have been a man of gene- 
rofity. As he obtained money eafily, fo he parted with 
it eafily. Whilfl he was always ready to relieve diftrefs 
his bounty was frequently bellowed on the patronage 
of learned men and learned publications. He was, ac¬ 
cordingly, a favourite with all good men who knew 

him. In his own college he was adored ; in the univer- 
fity he had, for many years, mote influence than any other 
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tory i I am a whig ; and we have both of us too much 
confidence in each other, and too much refpedl for our- 
felvcs, to diffemble what we think, upon any grounds, 

or to any extent. Let me then do him the juilice which, 
I am fure, that he will ever be ready to do to me. His 

knowledge is various, extenfive, and recondite. With 
much feeming negligence, and perhaps, in later years, i ’i 0 - r ^in iciLci years, 
(ome real relaxation, he underftands more, and remem¬ 

bers more, about common and uncommon fubjefts of 
literature, than many of thofe who would be thought 

to read all the day and meditate half the night. In 

quicknefs of apprehenfion, and acutenefs of diferimina- 
tion, I have not often feen his equal. Through many 

a convivial hour have I been charmed by his vivacity'; 
and upon his genius I have reflected, in many a frrioui 
moment, with pleai'ure, with admiration, but not with¬ 
out regret that he has never concentrated and exerted 
all the great powers of his mind in fome great work 

upon fome great fubjecl. Of his liberality in patroni- 
hng learned men I could po'int out numerous inftaqces. 
Without the fmalleft propenfities to avarice, he pofTef" 
fes a large income ; and, without the mean fubmiflion 
of dependence, he is rifen to a high ftation. His am¬ 
bition,. if he has any, is without infolence ; his munifi¬ 

cence is without oftentation ; his wit is without acri¬ 
mony ; and his learning without pedantry.” 

FASCINATION, the art of bewitching, enchant¬ 
ment, an unfeen inexplicable influence Under the 
title Serpens (Encycl.. n° 22.) we have mentioned fe¬ 
veral mftances of the fafeinating power of the tattle- 
fnake, which were related by men of chara&er, and 
certainly gained fome degree of credit among men of 

fcience. In Vaillant’s New Travels into the Interior 

Pailts °f 4fnca’ an account is given of (imilar indances 
of rafcination by African fervants, fome of them wit. 
nefled by himfelf, and others reported to him by men 
of veracity. 

On the confines of the European colony, at a place 
called Swart-land, our traveller faw a flirike on the 
branch of a tree, tremble as if in convuliions, whilft it 
uttered the molt piercing cries of diftrefs. Clofer at¬ 
tention led him to difeover upon the next branch of 

the fame tree a large ferpent, that, with ftretched out 
neck and fiery eyes, though perfe&ly ftill, was gazing 
on the poor animal. He thot the ferpent ; but, in the 

mean time, the bird had died. Having meafured the 
diftance between the place where the flirike was feen 
in convuliions and that, occupied by the ferpent when 
it was fhot, he found it to be three feet and a half - 

which convinced him and his attendants that the bird 
had not died either from the bite or the poifon of its ene¬ 
my. Indeed he ftripped it before the whole company, 

and made them obferve that it was untouched, and had 

not received the flighted wound.—In another diftrift 
of Africa, during the courfe of the fame travels, he 

4 M. faw 
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(aw a fmall moufe die In convulf.ons, occafioned by the 

fafcinating power of a ferpent, at the dnlancc ot two 
yards from it ; and when he confulted h.s Hottentots 
upon this incident, they expreffcl, he fays, no fort of 
aftoniflnnent, but affured him that the ferper>t had the 

faculty of attra&ing and fafcinating fuch animals as it 

wifhed to devour. * 
We have already had occafion to remark how regara- 

lefs this author is of inconfiftencies in his narrative ; and 

we perceive fomething like an inconfiftency m the nar¬ 
ratives before us. Though his Hottentots expreffed 
no furprife at the fafcination of the moufe, and decla¬ 
red that nothing was more common, he fays exprelsly, 
that to thofe who witnefied the fafcination of the miike, 
the fad appeared fo extraordinary, that, they could 

hardly believe it, even after they had feen it.. 
The molt wonderful inftance of fafcination which 

we have anywhere met with, was that of a Captain in 

the Dutch fervice at the Cape, who, after alluring our 
traveller that it is an event which happens very fre¬ 
quently, proceeded thus : “ My teftimony ought to 
have the more weight, as I had once nearly become my- 
felf a vidim to this fafcination. ' While in garnfon at 
Ceylon, and amufing myfelf, like you, in hunting in a 

mar Hi, I was, in the courfc of my fport, fuddenly Sei¬ 
zed with a convulfive and involuntary trembling, diffe¬ 
rent from any thing I had ever experienced, and at the 
fame time was ftrongly at traded, and in fpite of myfelf, 

to a particular fpot of the marfh. Direding my eyes 
to this fpot, I beheld, with feelings of horror, a fer- 
pent of an enormous fize, whofe look inftantly piei.ced 
me. Having, however, not yet loll all power of motion, 
I embraced the opportunity before it was too late, and 

faluted the reptile with the contents of my fufee. The 
report was a talifman that broke the charm. All at 
once, as if by a miracle, my convulfion ceafed ; I felt 
myfelf able to fly ; and the only 'inconvenience of this 

extraordinary adventure was a cold fweat, which* was 
doubtlefs the effed of my fear, and of the violent agi¬ 

tation my fenfes had undergone.” 
This in fiance of fafcination differs in one very mate¬ 

rial circumftance from the two fomewhat fimilar inilan- 
ces mentioned in the Encyclopedia. In both thefe, 
the eyes of the perfons fafcinated were fixed on the 
eyes of the fnake ; but here the Dutch Captain was 
ftrongly attraded towards the ferpent before he faw, or 
even fufpeded, that fo formidable an enemy was in his 
neighbourhood. If the ftory therefore be tiue, the ef¬ 

fed which he defcribes could not poffibly have been 
the effed of fear, but of fome unfeen influence on his 

whole nervous fvftem. 
The fubjed has of late attraded the attention of 

men of fcience, whofe local fituation gives them an op¬ 
portunity of making experiments upon different fer- 

pents, with a view to afcertain whether they really pof- 

fefs or not this molt unaccountable of all powers. In 
the year 1796 was printed at Philadelphia, a Memoir 
concerning the Fafcinating Faculty which has been afcn- 
bed to the Rattle fnake, and other American Serpents, by 
Eenjamin Smith Barton, M. D. Profeffor of natural 
hiftory and botany in the univerfity of Pennfylvania. In 
this memoir, the manner in which the fafcinating power 

is fuppofed to be exerted is thus ftated by the ingeni¬ 
ous profeffor ; 
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“ The fnake, whatever its fpecies may be, lying at 

the bottom of the tree or bufh upon which the bird 

or fquirrel fits, fixes its eyes upon the animal it defigns 
to fafcinate or enchant. No looner is this done, than 
the unhappy animal is unable to make, its efcape. It 
now begins to utter a moft piteous cry, which is well 
known by thofe who hear it, and underftand the whole 
machinery of the bufinefs, to be the cry of a creature en¬ 
chanted. If it is a fquirrel, it runs up the tree for a fhort 
diftance, comes down again, then runs up, and, laftly, 
comes lower down. £ On that occafion (fays an honeft, 
but rather credulous waiter*), it has been obierved, that * Ptofefi 
the fquirrel always goes down more than it goes up.* P~*- k 

The fnake ftill continues at the root of the tree, with 
its eyes fixed on the fquirrel, with which its attention 
is fo entirely taken up, that a perfon accidentally ap¬ 
proaching, may make a confiderable noife without the 

fnake’s fo much as turning about. The fquirrel, as 
before mentioned, comes always lower, and at laft leaps 
down to the fnake, whofe mouth is already wide open 
for its reception. The poor little animal then, with a 
piteous cry, runs into the fnake’s jatfs, and is fwallow- 
ed at once, if it be not too big ; but if its fize will not 
allow it to be (wallowed at once, the fnake licks it fe« 
veral times with its tongue, and fm 00 the ns it, and by 

that means makes it fit for fwallowing.” 
From Dr Barton’s memoir, it appears that the North 

American Indians are by no means of one opinion re- 
fpe&ing the fafcinating power of the rattle-fnake. Some 
intelligent friends of his, well acquainted with the man¬ 
ners, religious opinions,’ and fuperftitious prejudices of 
thofe people, informed him, that though they had,of¬ 
ten heard the Indians Tpeak of the ingenuity of thefe 
reptiles in catching birds, fquirrels, Ikc. they did not 
recoiled having ever heard them fay that fnakes charm 
birds. On the other hand, however, a Mohegan In¬ 
dian told the Doctor himfelf, that the Indians are of 
opinion, that the rattle-fnake can charm, or betwitch, 
fquirrels and birds, and that it does this with its rattle, 
which it (hakes, thereby inviting the animals to defeend 
from the trees, after which they are eafily caught. Ac¬ 
cording to this Indian, his countrymen do not think 
that the fnake, in any manner, accomplifhes the bufi¬ 
nefs-with its eyes. A Choktah Indian affnred the Doc¬ 

tor, that the rattle fnake does charm birds, &c. but 
he was honeft enough to confefs, that he did not know 
in what manner it does it. The interpreter, through 
whom the converfation was carried on with this Indian, 

faid that the fnake charms by means of its rattle. 
This opinion of the interpreter was the opinion of 

Dr Mead. That eminent naturalift, controverting, 

about fifty years ago, the common opinion, that Provi¬ 
dence has furniihed the rattle-fnake with its rattle to 
give warning to travellers, was the firft who afferted 
that this fingular appendage is given to the animal to 

terrify fquirrels and fmall birds, which are then fo ftu* 
pified by the fight of fo formidable an enemy, that at 
length they drop down, and become its prey ; and that 
this is what the Indians call fafcination. The fame 
opinion has been adopted by profeffor Blumenbacli of 
Gottingen, who, in his Manual of Natural Hiftory, 

thus expreffes himfelf on this curious fubje6l: 
That fquirrels, fmall birds, &c. fall down fponta- 

neoufly from trees into the mouth of the rattle-fnake, 

lying 
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Faicma* lying below them, is an undiiputed fact; and is the 

V fefs furprifing, as the like phenomena have been re¬ 
marked in regard to other fnakes, and alfo toads, hawks, 
and cats ; all of which, in certain circumftances, as ap¬ 
pears, have the power of drawing towards them fmall 
animals, merely by fixing their eyes ftedfaftly on them. 

In regard to the rattle-fnake, this eflfedl is produced by 
the rattle in its tail, the hilling noife of which makes 
fquinels, See. whether through curiofity, millake, or 
terror, feem to approach the animal as it were fponta- 
neoully. At any rate, I know, from the information 

of intelligent eye-witnefles, that it is a common ftrata- 
gem of the young favages in America to conceal them- 
felves in the bulhes, where they imitate the hilling noife 
of the rattle-fnake, and by thefe means attradl fquirrels, 
which they are then enabled to catch.” 

To this opinion Dr Barton eppofes an infuperable 
objection. It is, that this fafeinating power is by no 
means peculiar to the rattle-fnake With regard to 
the ftratagem of the favages, lie thinks that Dr'BIu- 
menbach has been impofed upon ; as neither he, nor 
any other perfon of whom he made the inquiry, ever 
heard of fueh a ftratagem. The young Indians, he 
fays, place a reed crcfs-wife in their mouth, and by a 
tremulous motion of the lips, imitate the erv of young 
birds; by which means they entice the old ones, fo that 
they can eafily Ihoot them : And this pra&ice may have 
given rife to the llory of their imitating the hilling 
noife of the rattle-fnake. 

Some have fuppofed that ferpents, under certain cir- 
cumftances, emit from their bodies a llupifying vapour; 
and that it is this vapour which produces the effedl 
called fafcmalton: But againft this opinion Dr Barton 
alleges the following arguments : “ I know, indeed 

(lays he), that in fome of the larger fpecies of ferpents, 
inhabiting South America and other countries, there 
is evolved in the ftomach, during the long and tedious 
procefs of digelliori in thefe animals, a vapour or a 
gas, whofe odour is intenfely fetid. I have not, how¬ 

ever, found that this is the cafe with the rattle-fnake, 
and other North American ferpents, that I have exa¬ 
mined. But my own obfervations on this head have 
not been very minute. I have made inquiry of fome per- 

fons (whofe prejudices againft the ferpent tribe are not 
fo powerful as my own), who are not afraid to put the 
heads and necks of the black fnake, and other ferpents 
that are deftitnte of venemous fangs, into their mouths, 
and have been informed, that they never perceived any 
difagreeable fmell to proceed from the breath of thefe 
animals. I have been prefent at the opening of a box 
which contained a number of living ferpents ; and al¬ 
though the box had been fo clofe as to admit but a 
very fmall quantity of frefh air, although the obferva- 
tion was made in a fmall warm room, I did not per¬ 
ceive any peculiarly difagreeable effluvium to arife from 
the bodies of thefe animals. I am, moreover, inform- 

* American by a member of this fociety *, who has, for a confi- 
Vfolofopbicalderable time, had a rattle-fnake under his immediate 

cctety* care, that he has not obferved that any difagreeable va¬ 
pour proceeds from this reptile. On the other hand, 
however, it is aflerted by fome creditable perfons of my 
acquaintance, that a moft offenfive odour, fimilar to 
that of flefh in the laft ftage of putrefa&ion, is conti¬ 

nually emanating from every part of the rattle-fnake, 

and fome other fpecies of ferpents. This odour ex¬ 

tends, under certain circumftances, to a confiderable Fafcina. 

diftance from the body of the animal. Mr William t^n* 
Bartram aftures me, that he has obferved * horfes to be 
fenllble of, and greatly agitated by it, at the diftance of 
forty or fifty yards from the fnake. They fhewed (he 
fays) their abhorrence by fnorting, winnowing, and 
ftarting from the road, endeavouring to throw their ri¬ 

ders, in order to make their efcapc.,> This fadf, rela¬ 
ted by a man of rigid veracity, is extremely curious £ 
and, in an efpecial manner, deferves the attention of 
thofe writers who imagine that this fetid emanation 
from ferpents is capable of affefting birds, at fmall dif- 
tances, with a kind of afphyxy. It even gives fome co¬ 
lour of probability to the ftory related by Metrodorus* 
and preferved in the Natural Hiftory of Pliny * Lil. i&. 

Some experiments, however, which were made in ^aP' 

Philadelphia a little before the Dodlor compofed his 
memoir, feem to have been decifive not only as to the 
fetor, but as to every thing which refembles fafeina- 
tion in the rattle-fnake. Birds which Tfrere put into a 

cage which contained a rattle fnake, flew or ran from 

the reptile, as though they were fenfible of the danger 
to which they were expofed. The fnake made many 

attempts to catch the birds, but could feldom fucceed. 
When a dead bird was thrown into the cage, the fnake 
devoured it immediately. He foon caught and devour¬ 
ed a living mole, an animal much more fiuggifh than 
the bird. Dr Barton himfelf faw a fnow-bird (fee Em- 
berize, EneycL) in a cage with a large rattle fnake. 
The little animal had been thus imprifoned for feveral 
hours when he firft faw it, but it exhibited no figns of 
fear. It hopped about from the floor of the cage to 
its rooft, and frequently perched on the. fnake’s back. 
Its chirp was nowife tremulous, but perfedlly natural. 
It ate the feeds which were put into the cage ; and by 
its whole a&ions moft evidently demonftrated that its 
fituation was not uneafy. 

Having thus difpofed of the do&rines of fome of his 
predeceffors, Dr Barton proceeds to fay : « The refult 
of not a little, attention to the fubjedl has taught me, 
that there is but one wonder in the bufinefs ; — the won¬ 
der that the ftory fliould ever have been believed by a 
man of underftanding and of obfervation.” Fafcina- 
tion, we are informed, is almoft entirely limited to birds 
that build low, and “ in almoft every inftance, I found 
that the fuppofed fafeinating faculty of the ferpent was 
exerted upon the birds at the particular feafon of their 
laying their eggs, of their hatching, or of their rearing 
their young, (till tender and defencelefs. I now began 

to fiifpetft that the cries and fears of birds fuppofed to 
be fafeinated originated in an endeavour to proteft their 
neft or young. My inquiries have convinced me that 
this is the cafe.” 

The rattle-fnake, which is the lazieft of all the fer¬ 
pent tribe, never moves in a fpiral manner or climbs up 
trees ; but the black-fnake, and fome other fpecies of 
the genus coluber, do. When impelled by hunger, and 
incapable of fatisfying it by the capture of animals on the 
ground, they begin to glide up trees or bufties upon 
which a bird has its neft. The bird is not ignorant of 
the ferpent’s objedt. She leaves her neft, whether it 

contains eggs or young ones, and endeavours to oppofe 
the reptile's progrefs. In doing this, fhe is a&uated by 

the ftrength of her inftindlive attachment to her eggs, 
or of affedtion to her young. Her cry is melancholy, 

3 M a her 
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FaufTe her motions are tremulous. Slie expofes herfelf to the 

H moil imminent danger. Sometimes fhe approaches fo 
e near the reptile that he feizes her as his prey. But 

this is far from being universally the cafe. Often fhe com¬ 
pels the ferpent to leave the tree, and then returns to 

her nett. 
It is a well known fa6l, that among fome fpecies of 

birds, the female, at a certain period, is accuttomed to 
compel the young ones to leave the nett ; that is, when 
the young have acquired fo much ttrength that they 
are no longer entitled to all her care. But they ftill 
claim fome of her care. Their flights are aukward, 
and foon broken by fatigue. They fall to the ground, 
where they are frequently expoled to the attacks of the 
ferpent, which attempts to devour them. In this fitua- 
tion of affairs, the mother will place herfelf upon a branch 
of a tree or bufh, in the vicinity of the ferpent. She will# 
dart upon the ferpent, in order to prevent the deftrue- 
tion of her young : but fear, the inttintl of felf-prefer- 
vation, will compel her to retire. She leaves the fer¬ 
pent, however, but for a fhort time, and then returns 
again. Oftentimes fhe prevents the dettru&ion of her 
young, attacking the fnake -with her wings, her beak, 
or her claws. Should the reptile fucceed in capturing 
the young, the mother is cxpofed to lefs danger ; for, 
vvhilft engaged in fwallowing them, lie has neither in¬ 
clination nor power to feize upon the old one. But 

the appetite of the ferpent tribe is great : the capacity 
of their ttomachs is not lefs fo. The danger of the 
mother is at hand when the young are devoured. The 
fnake feizes upon her : and this is the cataftrophe, which 
crowns the tale of fafcination ! 

FAUSSE Braye, in fortification, an elevation of 
earth, about three feet above the level ground, round 
the foot of the rampart on the outfide, defended by a 
parapet about four or five fathoms diftant from the up¬ 
per parapet, which parts it from the berme and the 
edge of the ditch. The faufle-braye is the fame with 

w hat is otherwife called Chem'in des rondes, and Bajfe en- 
cetnte ; and its ufe is for the defence of the ditch. 

FEATHER-edged, is a term ufed by workmen for 
fnch boards as are thicker on one edge, or fide, than on 
the other. 

FELTING, the method of working up woo! or 
hair into a kind of cloth or fluff, without either fpin- 
jiing or weaving it. In this country felting it little 
pradlifed except in hat-making; and as nine-tenths of 

thofe who are employed in the manufadlnring of hats 
know nothing of the principles on ’which they proceed, 
the following obfervations on the mechaniftn of felting 
mutt to them be both agreeable and ufeful. They are 
by M. Monge, and taken from the Annales de Chemle. 

If we examine, in a microfcope, human hair, wool, 
the hair of a rabbit, hare, beaver, &c. however great 
the magnifying power of the inftrument may be, the 
furface of each hair appears perfe&ly fmooth and even; 
or at leaft, if any inequalities are to be perceived, they 
feem rather to arife from fome difference in the colour 
and tranfparency of particular parts of thefe fubftances 
than from the irregularity of their furfaces ; for their 
image, when viewed by a folar microfcope, is termina¬ 
ted by even lines, without any roughnefs. The fur- 
face of thefe objedls, however, is by no means fmooth; 
on the contrary, it appears to be formed either of la- 
fuell# which cover each other from the root to the 

point, pretty much in the fame manner as the fcales of Felting*, 
a fifh cover the animal from the head to the tail; or, * 
more probably, of zones placed one over the other, like 
what is obferved in the ftrudlure of horns : to this con¬ 
formation it is that the fubftances here treated of owe 

their difpofition to what is called felting. 
If, with one hand, we take hold of a hair by the 

root, and draw it between two fingers of the other, 

from the root towards the point, we are hardly fenfible 
of any fridlion or refiftance, nor can we dittinguifh any 
found; but if, on the contrary, we hold the hair at the 
point, and draw it between the fingers, from the point 
toward the root, we are fenfible of a refiftance which* 
did not exift in the former cafe ; a fort of tremulous 
motion is likewife produced, which is not only per¬ 
ceptible to the touch, but may alfo be diftiriguifhed by 
the ear. 

It is evident, therefore, that the texture of the fur- 
face of a hair is not the fame from the root towards the 
point as from the point towards the root ; and that a 
hair, when grafped, mutt otter more refiftance in Aiding 

or moving progreilively towards the point than towards 
the root; i. e. in moving with its point foremoft. 

If a hair, after being taken hold of by the fore-fin¬ 

ger and thumb, be rubbed by them, in the longitudinal 
dire&ion of the hair, a progreflive motion takes place, 
and this motion is always towards the root. This efledl 
does not at all depend on the nature of the fkin of the 
fingers or its texture ; for if the hair be turned, fo that 
the point is placed where the root was, the movement 
then becomes contrary to what it was before; that is to 
fay, it is always dire&ed towards the root. 

What is obferved, in the above inftance, is entirely 
analogous to what happens when country children, by 
way of fport, introduce an ear of rye or barley between 
the wrift and the fhirt, the points of the beards of which 
are directed outwards. By the various motions of the 
arm, this ear, fometimes catching againft the fhirt, 

fometimes againft the fkin, takes a progreflive motion 
backwards, and foon gets up to the arm pit. It is 
Very clear that this eftetl is produced by the beards of 
the ear, and indeed chiefly by the afperities upon thofe 
beards ; which, being all directed towards the point, 
do not permit the ear to move in any other direction 
than towards that part to which it was united to the 

ftalk. There is no doubt that it is the fame with re- 
fpe6l to hair ; and that its furface is befet with afperi¬ 
ties, which, being laid one upon the other, and turned 

towards the points, permit no motion but towards the 
root. 

A tight knot, made in the middle of a hair, is very 
difficult to untie by the ufual means, on account of the- 
extreme thinnefs of the hair ; but if we place the hair 
in the bend of the hand, fo that the knot is in a line 
with the little finger, and, after grafping the hair by 
clofing the hand, we ftrike the lift feveral times againft' 
the knee, the afperities of one end of the hair being, 
now in a contrary diredlion to thofe of the other, each 
of the ends recedes a little, one of them one way, the 
other the contrary way ; the knot is thereby opened,,, 
and, by introducing a pin into the eye which is formed,, 

it is very eafy to finifh untying it. 
Thefe obfervations, which it would be ufelefs to mul¬ 

tiply, relate to long hair, that having been taken as an 

example; but they apply with equal propriety to wool, 
fursj 
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Felting*, furs, and in general to every kind of animal hair. The 

‘•'V—■* furface of all thefe is therefore to be confidered as com¬ 
peted of hard lamella placed one upon another, like 
tiles, from the root to the point ; which lamella allow 
the progrefiive motion of the hair towards the root, but 
prevent a fimilar motion towards the point. 

From what has been fa id, it is eafy to explain why 
the contact of woollen fluffs is rough to the fl<in, while 
that of linen or cotton cloths is jmooth ; the reafon is, 

the afperities upon the furface of the fibres of the wool 
(notwithflanding the flexibility of each particular fibre), 
by fixing thcmfelves in the fkin, produce a difagreeable 
fenfation, at leaft till we are aceuflomed to it ; where¬ 
as the furface of the fibres of hemp or flax, of which 
linen is made, being perfeClly fmooth, do not caufe any 
fuch fenfation. It is alfo evident, that the injury arifing 
to wounds or fores, from the application of wool, does 

not proceed from any chemical property, but is occa- 
fioned folely by the conformation of the furface of the 
fibres : the afperities of which attach thernfelves to the 
raw and expofed flefii, which they flimulate and irritate 
to fuch a degree as to produce inflammation. 

This conformation is the principal caufe of that dif- 
po fit ion to what is called felting, which the hair of all 
animals in general poffeffes. 

. The hatter, by ftriking the wool with the firing of 

his bow (fee Hat, EncycL), feparates the hairs from 
each other, and caufes them to fpring up in the air; 
the hairs fall again on the table, in all poffible direc¬ 
tions, fo as to form a layer of a certain thicknefs, and 

the workman covers them with a cloth, which he preffes 
with his hands, moving them backwards and forwards 
in various direClions. This preffure brings the hairs 
againff each other, and multiplies their points of con- 
tad ; the agitation of them gives to each hair a pro- 

grefilve motion toward the root ; by means of this mo¬ 
tion the hairs are twitted together, and thz lamella of 
each hair, by fixing thernfelves to thofe of other hairs 
which happen to be direded the contrary way, keep 
the whole in that compad flate which the preffure 
makes it acquire. In proportion as the mafs becomes 
compad, the preffure of the hands fliould be increafed ; 
not only to make it more clofe, but alfo to keep up the 
progrefiive motion and twitting of the hairs, which then 
takes place with greater difficulty : but throughout the 
whole of this operation, the hairs fix thernfelves only 
to each other, and not to the cloth with which they 
are covered, the fibres of which, as we have already 
faid, are fmooth, and have not that difpofition to felt¬ 
ing which we have deferibed above. 

It may not be amifs here to explain why that hair 
which is intended for making hats is always cut off 
with a fharp inflrument (although that cannot be done 
without lofing a part of its length), and not plucked 
out by the roots, as might be done after foftening the 
fkin: the reafon is, the bulb of the hair, which in the lat¬ 
ter cafe would come out with it, would render that end 
which was fixed in the fkin thick and obtufe ; and it 

Would confequeutly be lefs difpofed to introduce itfelf 
among the contiguous hairs, and to contribute by its 
jmogrefs motion to the contexture of the mafs. 

The above deferibed conformation of the furface of 
hairs and wool is not the only caufe which produces 
their difpofition to felting. It is not fufficient that 

«*ery hair poffeffes the forementioned tendency to move 

progreffively towards the root, and that the inclined /*- Felting, 
mella, by hooking thernfelves to each other, preferve the Ferguffon^ 

mafs in that flate to which compreffion has brought it ; v T'^ 
but it is alfo neceffary that the hairs fhould not be 
flraight, like needles; if they were fo, prefling and rub¬ 
bing them together would merely caufe them to conti¬ 

nue their progrefiive motion, without changing their 
direction ; and the effeCl of thofe operations would only 
be to make them move from the centre of the mafs, 
without producing any compa&nefs in it. Every hair 
mufl therefore be twitted or curled in fuch a manner 
that the extremity which is towards the root may be 
difpofed to change its direClion perpetually, to twill 
itfelf about other hairs, and to incline towards itfelf a- 
gain, in. cafe it fliould be determined thereto by any 
change in the pofition of the reft of its length. It is 

becaufe wool has naturally this crooked form that it is 
fo proper for felting, and that it may be made ufe of 
for that purpofe without undergoing any previous pre¬ 
paration. 

But the hairs of the beaver, the rabbit, the hare, &c. 

being naturally flraight, cannot be employed alone in 
felting till they have undergone a preliminary operation ; 
which confifts in rubbing or combing them, before they 
are taken off the fkin, with a brufh dipped in a folution 
of .mercury in aquafortis (nitric acid). This liquor, 
a&ing only on one fide of the fubftance of the hairs, 
changes their direClion from a right line, and gives 

them that difpofition to felting which wool naturally 
poffeffes. 

When the hairs are not intended to enter into the 
body of the mafs, but are only to be employed in ma- 
king a fort’of external coating, fuch as is fometimes 
given, to the outer furface of hats, the operation juft 

mentioned need not be performed; but the felt on 
which they are to be fixed being finifhed ; the hair is 
uniformly fpread upon the furface to which the coating 
is to be applied ; and, being covered with a cloth, it is 
preffed with the hands, and agitated for a certain time. 

By thefe means, the hairs introduce thernfelves, by the 
root, a certain depth into the felt, and are there fixed * 
by their lamella in fuch a manner as not to be eafily ex¬ 

tracted. A particular direction is afterwards given to 
them by means of a brufh, and they are made to keep 
this direction by having a hot iron patted over them. 
If the agitation were continued for a longer time, thefe 
hairs, not having their ftraightnefs deflroyed by the ope¬ 
ration before deferibed, would pals entirely through 
the felt, going out at the uppofite furface, as each 

hair follows exaCtly the direction it acquired at the be¬ 
ginning. 

It is owing to the very fame circumftances which* 
make wool and hair capable of felting, that woollen 
cloth is thickened by fulling. See Fulling in this- 
Supplement. 

PERGUSSON (Robert), who at an early period of- 
life obtained a confiderable degree of celebrity as 3 

Scottifh'poet, was born at Edinburgh, on the 5th of 
September 1750, according to a manufeript account of 
him with which we have been favoured by a relation. 
In the biographical fir etch prefixed to the Perth edition * 
of his poems he is faid to have been born in 17^. 

His father William Ferguttbn poffeffed, as well as. 
himfelf, fome talents for poetry ; but, marrying early, 

and being wifer than his fon; he abandoned the mufes 

fur* 
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Ferguflon. for trade, and was employed in different mercantile 

houfes, firlt in Aberdeen and afterwards in Edinburgh. 

At the time of his death he was an accountant in the 

Britifh Linen Hall; but never acquired any tiling like 

opulence. 

During the years of infancy and childhood the con- 

flitution of our poet was lo weak, that little hopes were 

entertained of his arriving at manhood. By the care, 

however, and attention of his parents, he gradually ac¬ 

quired flrength, and at the age of fix was put to an 

Englilh fchool, where his proficiency in reading and re¬ 

citing was uncommonly great. At the age of feven he 

was lent to the high fchool of Edinburgh, where he 

continued four years, and with very little labour made a 

rapid progrefs in the knowledge of the Latin tongue ; 

but for fome reafon or other he was removed from the 

high fchool to the grammar fchool of Dundee, whence, 

after two years, he was fent to the univerlity of St An¬ 

drew’s. A gentleman of the name of FergufTon had 

left burfaries in that univerfitv for the education of two 

boys of the fame name; and Mr William FergufTon ha¬ 

ving with difficulty obtained one of them for his fon, 

was induced to edueate him at St Andrew’s in prefe 

re nee to Edinburgh. 

Though at no period of his life a fevere Undent, our 

poet’s attainments in feiertee were fuch as to keep alive 

in the univerfity the hopes which had been formed of 

him at fchool ; and lie was confeffedly the firfl mathe¬ 

matician of his (landing. On this account we are told 

that he became the favourite of Dr Wilkie, who was 

then profeffor of natural philofophy in the univerfity of 

St Andrew’s; but it is not improbable that :he Dodlor 

valued him as much for his poetical genius as for his 

fkill in geometry ; for Wilkie was a poet himfelf, and 

Mr FergufTon had already written Several fmall poems 

which attradled confiderable notice, as well from the 

profeffors as fro'n his fellow-fludents. But whatever 

was the bond of union, Dr Wilkie patronifed the youth¬ 

ful poet ; and the poet fhewed afterwards that lie was 

not ungrateful. Upon the Doctor’s death, he pub- 

lilhed, in the Scottifh dialed, a beautiful eclogue to his 

memory, in which the peculiar merits of that eccentric 

genius are appreciated with great judgment. See Wil¬ 

kie, in this Supplement. 

During the hill winter that he redded in St Andrew’s, 

our poet had colleded materials for a tragedy on the 

death of Sir William Wallace, and had even completed 

two ads of the play ; but having feen a fimilar work 

on the fame fubjed, he abandoned his defign ; “ be- 

caufe (faid he to a friend) whatever I publifh fliall be 

original, and this tragedy might be confidered as a 

copy.” 

Having finifhed his ftudies at the univerfity, lie re¬ 

turned to Edinburgh without refolving on any perma¬ 

nent employment. His father had defigned him for 

the church ; but he was now dead, and our author 

turned a deaf ear to the intreaties of his mother, and 

of every other friend who endeavoured to perfuade him 

to fulfil his father’s intention. He was then advifed to 

ftudy phyfic; hut he declined it, becaufe, he faid, that, 

when reading the defeription of difeafes, he fancied that 

he felt the fymptoms of them all in himfelf. To the 

law, however, he could not flart the fame objection ; 

and he began to fludy it, but made no progrefs. At 

this his relation and the editor of his poems exprefs no 

furprife ; for, according to them, it was a ftudy the Ferguffm, 

moil improper for him, as it could not be expelled that ** 
a genius fo lively would fubmit to the drudgery of that 

dry and fedentary profeffion. 

That the law was a very improper profeffion for a 

man of his narrow fortune is indeed true ; but we trull 

that his two biographers will not -conlider us as intend¬ 

ing any offence to them, if we embrace the prefent op¬ 

portunity of expofing the folly of a very common re¬ 

mark, that a lively genius cannot fubmit to vvliat is ab- 

furdly called a dry ftudy. We might inftance different 

lawyers at our own bar, who, with great poetical ta¬ 

lents in their youth, have rifen to the fummit of their 

profeffion ; but to avoid perfonal diilindlions at home, 

we fliall take our examples from England. The genius 

of the late Earl of Mansfield was at lead as lively as 

that of Mr FergufTon, and if he had pleafed he could 

have been equally a poet ; yet he fubmitted to the 

drudgery of fludying a law flill drier than that of Scot¬ 

land. To the fine tafle of Atterbury biffiop of Ro- 

chefter, and to his clafficaLcompo fit ions both in prole 

and vei^fe, no man is a flranger who is at all converfant 

in Englifh literature: yet that elegant fcllolar and poet, 

after he had rifen to the dignity of Dean of Carlifle, 

fubmitted to the drudgery of fludying, through the 

medium of barbarous Latin, the ecckfiaflical law of 

England from the earlidl ages; and declared, that by 

dint of perfeverance he came in time to relifh it as much 

as the lludy of Homer and Virgil Whatever be 

thought of Milton’s political principles, no man can 

read his controverfial writings, and entertain a doubt 

but that he could have fubmitted to the drudgery of 

fludying the law. 

The truth is, and it is a truth of great importance, 

that a man of real vigour of mind may bring himfelf to 

delight in any kind of fludy which is ufeful and ho¬ 

nourable. Such men were Lord Mansfield, the Btihop * 

of Rocheflev, and Milton; but, whether through fome 

radical defedl in his nervous fyflern, or in confequenee 

of early difiipation, Mr FergufTon, wi .h many eltimable 

qualities, was fo utterly deflitute of this mental vigour, 

that rather than fubmit to what his friends call drud¬ 

gery, he Teems to have looked with a wifliful eye to 

fome finecure plrfce. 

With this view he paid a vifit to an uncle who lived 

near Aberdeen, a man of great learning and in opulent 

circumflances, in hopes that, by his intevdl, lie might 

be fettled in a poll fuitable to his merit: But how de- 

lufive were his hopes S His uncle indeed received him 

with every mark of affedlion ; but his fondnefs gra¬ 

dually cooled, and at the end of fix months he ordered 

him abruptly to leave his houfe, without having endea¬ 

voured to procure for him any fettlcment. 

To a mind like Ferguffon’s, feelingly alive, fuch treat¬ 

ment from fo near a relation, to whom he had always 

behaved with becoming refpedl, mull have been dread¬ 

fully galling. Stung with indignation, he returned ta 

his mother’s at Edinburgh; and as foon as he recovered 

from a fevere illnefs, brought upon him by difappoint* 

ment and the fatigue of his journey, he compofed two 

elegies; one on “ The Decay of Friendfhip,” and the 

other “ Againfl Repining at Fortune,” both occafion- 

ed by his adventure in the North. How much he felt 

the dafhing of his hopes, is apparent from the following 

pathetic lines in the Decay of Friendlhip : 

! 
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Jtergnflbn. But, ah! thefe youthful Sportive hours are fled, 

Thefe Scenes of jocund mirth are now no more ; 

No healing /lumbers ’tend my humble bed, 

No friends condole the forrows of the poor. 

And what avail the thoughts of former joy ? 

What comfort bring they in the adverfe hour ? 

Can they the canker-worm of Care deflroy, 

Or brighten Fortune’s difcontented lour ? 

So deftitute was he at this period, that he fubmitted 

to copy papers in the commiflary clerk’s office, we be¬ 

lieve at So, much the flieet; but not liking the employ¬ 

ment, and quarrelling with the commi/Tary clerk-depute, 

he foon left the office in difguft. 

Hitherto he had lived rather in obfcurity ; and hap¬ 

py had it been for him if in that obfcurity he had been 

Suffered to remain ; happy had it been for him, had his 

convention been lefs fafcinatieg, and his company lefs 

courted by the frolic and the gay. PofTeffing an inex- 

haudible fund of wit, the bed good nature, much mo- 

dedy, and great goodnefs o4f heart, he was viewed with 

affedtion by all to whom he was known; but his powers 

of Song, and almod unrivalled talents for mimickry, 

led him oftener into the company of thofe who wifhed 

for him merely to enliven a focial hour, than of fuch as 

by their virtue were inclined, and by their influence were 

able, to procure him a competent fettlement for life. 

The conlcquence of this was great laxity of manners. 

His moral principles indeed were .never corrupted, nor, 

as we have reafon to believe, his faith in .revelation /ha- 

ken ; but there is no doubt but that, courted as he 

, was by the fyren voice of pleafure, he yielded to many 

temptations, and in the hours of ebriety committed ac¬ 

tions which, in his cooler moments, he reflected on with 

abhorrence. 

His confcience was indeed frequently roufed. Being 

on a vifit to a friend at Haddington, and fauntering one 

day near the churchyard, he was acceded by a clergy¬ 

man, who feemed to be no //ranger to the kind of life 

which he led. This judicious divine contrived to draw 

his attention to the ihortnefs of time, the length of 

eternity, death and judgment, and the awful /late that 

awaits the wicked in an unfeen world ; and the conver¬ 

sation made a deep impreffion on his mini. It feemed, 

however, to be effaced from his memory by the diffipa- 

tion of Edinburgh, till it was recalled with double e/feft 

by the following accident : 

In the room adjoining to that in which he flept was 

a ftarling, which being feized one night by a cat that 

had found its way down the chimney, awaked Mr Fer- 

guifon by the moft alarming fereams. Having learned 

the caufe of the alarm, he began ferionjfly to refkdt bow 

often he, an immortal arid accountable" being, had in 

the hour of intemperance let death at deliance, though 

it was thus terrible in reality even to an unaccountable 

and fmlefs creature. This brought to his recollection 

the convention of the clergyman, which, aided by the 

Solemnity of midnight, wrought his mind up to a pitch 

of remorfe that almoft bordered on frantic defpair. 

Sleep now forfook his eyelids; and he rofe in the morn¬ 

ing, not as he had formerly done, to mix again with 

the focial and the gay, but to be a reclufe from Society, 

and to allow the remembrance oS his pad follies to prey 

upon his vitals. All his vivacity now forfook him ; 

thofe lips which were formed to give delight, were do. 
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fed as by the hand of death; and “ on his countenance Fergu/Ton 

fat horror plum’d.” M 

From this Hate of gloomy defpondency, however, he 

began gradually to recover; and, except that a fettled' 

melancholy was vifible in his countenance, his health 

was completely reftored, when one evening he fell and 

cut his head So dreadfully, that from the lofs of blood 

he became delirious. In this deplorable /late he conti¬ 

nued for feveral months, till, being quite exhaufted by 

want of /leep and conflaut fpeaking, he expired on the 

16th of Odober 1 774. He was interred in the Canon- 

gate churchyard, where his friends ere&ed a monument 

to his memory, which has been Since removed to make 

way for a larger and more elegant monument by his 

enthuflaflic admirer the late poet Burns. 

I hus died Robert Ferguflbn, a young man of the 

brighteft genius and of the bed heart, who, had he 

joined prudence to his uncommon talents, mull have 

rifen to great eminence in the republic of letters ; but,, 

as a late juvenile poet has obferved of him_ 

Complete alike in head and heart, 

But wanting in the prudent part, 

He prov’d a poet’s lot. 

Of his poems no general chara&er can be given. The 

Subjects of them are Sometimes uncommon and generally 

local or temporary. They are of courfe very unequal. 

But fuch of them as are in the oeotti/h dialed have 

been univerfally admired by his countrymen; and when 

it is confidered that they were compofed amidft a round 

of diffipation,. they will be allowed to furni/h complete 

evidence of his genius and his tafle. 

. FERMAT (Peter), who was counfellor of the par¬ 

liament of Touloufe in France, fiourifhed in the 17th 

century, and died in 1663. He was a man of great 

talents, and a very general Scholar ; but being contem¬ 

porary and intimately connected with Des Cartes, Mer- 

fenne, Torricelli, and Huygens, he was naturally led to 

devote much of his time to the mathematical feienees. 

He was (fays Dr Hutton) a firft rate mathematician, 

and po/Tefled the fineft tafle for pure and genuine geo¬ 

metry, which he contributed greatly to improve, as 
well as algebra. 

Fermat was author of, 1. A Method for the Qua¬ 

drature of all forts of Parabolas—2. Another on JV&f. 

mums and Miniinums ; which Serves not only for the 

determination of plane and Solid problems, but alfo for 

drawing tangents to curve lines, finding the centres of 

giavity in Solids, and the refolution ot queftions con¬ 

cerning numbers: in fhort, a method very fimflar to the 

fluxions of Newton.—3. An Introduction to Geome- 

tnc Loci, plane and Solid.—4. A Treatife on Spheri- 

cal Taagencies : where he demon/lrates in the Solids the 

Tame things as Vieta demonArated in planes._5. A Re- 

Aoration of Apollonius’s two Books on Plane Foci.__ 

6.. A General Method for the dimerdion of Curve 

Lines. Befides a number of other Smaller pieces, and 

many letters to learned men ; Several of which are to be 

found in his Opera Faria Mathematical printed at Tou¬ 
loufe, in folio, 167;*. 

FERMENTATION is a chemical procefs which 

has been already confidered in the Encyclopaedia, and 

will be again refumed in this Supplement under the title 
Animal and Vegetable Substances. In this place we 

mean nothing more than to give fuch direftions, prin¬ 

cipally 
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Cipally from Mr Richardfon of Hull, fur the proper fer¬ 
mentation of malt liquors as have not been fully detail¬ 

ed in the article Brewing (Ettcycl.). 
This author controverts, we do not think very fuc- 

cefsfully, the conditions drawn by Mr Henry from the 
experiments, of which the reader will find an account 

;in the article Fermentation (Encycl ) ; but it is not 
his theory with which we are at prefent concerned, but 

his pra&ice as that of an experienced and enlightened 
brewer. Having treated of Worts, and the proper me¬ 
thod of boiling them, for which fee Wort in this Sup~ 

filement, and having given an hiftorical view of the pro- 
cefs of fermentation, of which a pretty accurate abridge¬ 

ment is inferted in the articles Brewing and Fer¬ 

mentation (Encycl.), lie proceeds thus : 
The agency of air, in the bufinefs of fermentation, 

is very powerful ; but as all fermentable fubje&s have an 
abundant fupply, we are rather to provide for the egrefs 
of their own, than to fuller the admifiion of the exter¬ 

nal air, by which a great number of the fine, volatile, 
oleaginous parts of the fubjedl would be carried off, 
imd a proportionate injury in flavour and fpirituoflty 
fukained. Hence fuch a covering fhould be provided 
for the gyle-tun as would barely allow the efcape of the 
common air produced by the operation ; whilft the gas, 
or fixed air, from its greater denfity, refting upon the 
fur face of the beer the whole depth of the curb, pre¬ 
vents the a&ion of the external air, and consequently 

the efcape of thofe fine and valuable parts juft men¬ 

tioned. ; 
“ But towards the coulufion of vinous fermentation, 

this aerial covering begins to lofe its efficacy ; which 
points out the neceffity of then getting the beer into 

- calks as foon as poffible, that the confequences may be 
'prevented, of expofing fo large a furface, liable to fo 
copious an evaporation. Amongft thefe, a lofs of fpi¬ 

rituoflty is not the leak ; for this evaporation is more 
;ind more fpirituous, as the a&ion approaches the com¬ 
pletion of vinous fermentation ; and that once obtained, 

the lofs becomes kill more confiderable, if kill expofed 
to the air ; whence it might be termed the diftillation 
of Nature, in which fhe is fo much fuperior to art, that 

the ethereal fpirit rifes pure and unmixed, wliilk the 
liigheft rectification of the kill produces at beft but a 

compound of aqueous and fpirituous parts. 
“ Nor is this entirely conje&ure, Experience teaches 

us, that we cannot produce fo ftrong a beer in fummer, 

ceteris paribus, as in winter ; the reafon is, not becaufe 
the aCtion of fermentation does not realize fo much fpi¬ 
rit in warm weather, but becaufe the fermenting liquor, 

after the perfection of vinofity, continues fo long in a 
ftate of rarefaCtiou, that the fpirituous parts are diffipa- 
ted in a much greater degree at that time than at any 
other, in a fimilar ftate of progreffion. And this doc¬ 
trine of natural diftillation feems to account for that in- 
creafe of ftrength obtainable from long prefervation, in 
well clofed calks, and, more particularly fo, in glafs 
bottles ; for Nature, in her efforts to bring about her 
grand purpofe of refolving every compound into its firft 
principles, keeps up a perpetual internal ftruggle, as 
well as an external evaporation ; and if the latter be 
effedually prevented, the former muk be productive of 
additional fpirituofity, fo long as the aClion keeps with¬ 
in the pale of vinous fermentation. 

FEZ 
“ In order to maintain a due regulation of the fer* Fezsan, 

meriting power, and to anfwer the feveral purpofes of ~1"V—" 
the operation, a fcrupidous attention to the degree of 
heat at which the aClion commences, and a particular 
regard to the quality and quantity of the ferment em¬ 

ployed, are indifpenfably neceffary.” The degree of 
heat mull be afeertained by the thermometer, and regu¬ 

lated by experience : the quantity of yeaft can be as¬ 
certained only by the intention of the artift. 

FEZZAN is a kingdom in the anterior of Africa, 
placed in the vaft wildernefs as an ifland in the ocean. 
The following account of it was given to Mr Lucas 
the African traveller by an old fhereef, a native of Fez- 

zan ; and that account was confirmed by the governor 
of Mefurata, who had himfelf vilited Fezzan, and who, 
having treated the traveller with great kindnefs, ought 
not to be fufpeCted of having wantonly deceived him. 

According to this account, Fezzan is fituated to the 

fouth of Mefurata (fee Mesurata in this Suppl.), and 
the traveller from the latter place to the former arrives 
in eight days at Wadan, where refrefhments are procu¬ 
red for the caravan. From thence in five hours they 
reach the defart of Soudah, where no vegetable is feen 
to grow but the talk, a tree from which the lemon-co¬ 
loured wood is taken which forms handles for tools. 
The paffage of the defart takes up fome days, when 
the traveller finds a mifcrable village, producing nothing 
but dates, brackifli water, and Indian corn ; from this 
village a day’s journey condu&s to the town of Sebbah, 
where are the remains of an ancient caftle, and other 
venerable ruins, and in four days more he reaches Mour- 
zouk, the capital of Fezzan. 

This city is fituated on the banks of a fmall river, 
furrounded by a high wall for defence, and is diftant 

from Mefurata 390 computed miles. Eaftwrard of 
Mourzook is the town of Queela, in which are the re¬ 
mains of ancient buildings ; the fize of the cifterns, and 
the conftrudtion of the vaulted caves, exhibit inftances 
of ancient fplendour. South of which place is Jermah, 
diftinguiihed by numerous and majeftic ruins, on which 
are many inferiptions. Teffouwa lies eaftward, near 
which was a river which the fliereef remembers, but is 

now overwhelmed in the moving fands. N. E. from 
Mourzouk, diftant about 120 miles, is the large town 
of Temmifwa, where the caravans of pilgrims from Bor- 

nou and Nigritia, by way of Cairo to Mecca, provide 

their ftores for the defart. 
In the town or province of Mendrah is a large quan¬ 

tity of trona, a fpecies of foffil alkali, that ftoatsou the * 
furface or fettles on the banks of its fpreading lakes, 
great quantity of which is fent to Tripoli, and {hipped 
for Turkey, Tunis, and Morocco ; at the latter place it 

is ufed as an ingredient in the red dye of the leather. 
Mendrah is about 60 miles fouth of Fezzan. The ter¬ 
ritory of Fezzan extends but little weftward, being 
confined by barren mountains. The fmaller towns of 
this kingdom are faid to be about one hundred ; thefe 
towns are chiefly inhabited by hufbandmen and fhep. 

herds ; in every town a market is regularly held ; mut¬ 
ton and goat’s flefli are fold by the quarter, ufually from 
thirty-two to forty grains of gold, or from four to five 
(hillings Englifh. The flefh of camels is dearer, and 

divided into fmaller parts. 
The houfes are of clay, with flat roofs conipofed oi 

branches 
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_ »«»«»*» of trees, on which earth is laid ; this is fuffi- 
cient in a climate where it never rains.. The heats in 
Jummer, from April to November, are intenfe, and the 

hot winds blow from the fouth-caft, fouth, and fouth- 

well, with fuch violence as to threaten fuffocation ; 
when it changes to the weft or north-weft a reviving 
irefhnefs enfues. 

The drefs of the inhabitants is like that of the Moors 
of Barbary, coulifting of a large pair of, trowfers, a 

fhirt which hangs over the trowfers, a kind of waiftcoat 
without lleeves, and a jacket with tight lleeves ; over 
the jacket is a loole robe which reaches below the knee 
a girdle of crimion, and a long doth called a barrakon 

or alhatcque, like a highland plaid, is worn j (lockings 
oi leather, laced like half-boots, and flippers ; on the 
head a red cap and turban ; fometimes over the whole 
they throw a long cloak with a hood, called a bur- 

nooje. In furniher they throw off all but the ihfrt and 
the cap. 

The people bear very high degrees of heat, but any 
cold affefts them fenfibly. Their difeafes are chiefly 

of the inflammatory and putrid kind ; the fmall pox is 

common. Their old women are their principal phyli- 
cians. For pains in the head they cup and bleed ; for 
thofe in the limbs, they bathe in the hot lakes. They 

have a multitude of noxious and loathfome animals ; the 
air is crowded with mofquitos, and their perfons are 
over-run with the vermin which affeCt the beggars of 
Europe. 

In their perfons they' incline to the negro, of a deep 
iwarthy complexion, with curly black hair; they are 
tall, but indolent, inactive, and weak. In their com¬ 
mon liitercourfe, diftindion of rank feems to be for¬ 
gotten ; rich and poor, mafter and man, converfe, eat, 

hofpitable tOSether 5 they 3re’ however> generous and 

An extenfive plain compofes the kingdom of Fezzan • 
the foil is generally a light fand, the fprings are abun¬ 
dant, and few regions in Africa exhibit a richer vege¬ 
tation. The land produces the talk, the white-thorn, 
date trees, the olive and lime, apricot, pomegranate, 
and hg: Indian corn and barley are the favourite ob¬ 
jects of cultivation ; of wheat there is little raifed. The 
tame animals are, the fhcep, cow, goat, and camel; 
and the wild are, the oftrich, antelopes of various kinds, 
one of which is called the liuadee, which when chafed 
plunges with addrefs from a precipice, and lights on its 
hams. 0 

The food of the lower clafs confifts of flour of In- 
dian corn, feafoned with oil and fruit ,* thofe of fuperior 
rank eat wheat bread and flefh. Fezzan produces 
much fait ; the water has in general a mineral tafte, but 
the favourite beverage is a liquor from the date tree, 
which acquires, when fermented,an intoxicatingdrength. 
In religion they are rigid Mahomedans, but tolerant. 

Their government monarchical ; their prefent king is 
defeended from one of the (hereefs of Taffilet, who 
about 400 years fince obtained the crown. Till the 
prefent century the kingdom was independent, when 
the Bafhaw of Tripoli conquered and made it tributary ; 
the reigning fovereign has nearly thrown off this yoke! 
In Fezzan, the defeendants of the prophet are highly 

privileged, their property and perfons are inviolable ; 

they are exempt from certain punifliments. This clafs 
are in general either princes or merchants. 

Sufpl. Von. I. Part II. 

} FEZ 
1 he revenue is eompofed of a tax on towns and vil- 

lages, a tax on every camel load of goods (except pro-' 
vifions) which enters the capital, fines for offences, 

lands of perfons dying without heirs, and a tax on gar- 
dens and date trees. Gold duft'by weight is the chief 

medium of payment ; but for convenience they are fur. 
n.flied with fmall papers of gold dull of different va¬ 
lues, from two xarles or one and a half upwards; for 

fmaller articles corn or flour are ufed as a medium. One 
gram of gold is equal to G<1. fterling. The Fezzan 
grain is the fame as 111 England. 

1 he juflice of the fovereign is highly extolled ; fmall 
offences are pumflicd by the baftinado, and the punifh- 
ments increafe to fine, imprifonment, and death. Truft- 
ing to their natural defence, their towns are without 
guaid, and they have no (landing forces. The only 

war the fhereef remembered was undertaken again ft 'a 
people inhabiting the mountains of Tibcfti, which Is 

feparated from the people of Fezzan by a wide and 
fandy defart Thefe people are wild and favage, and 
had plundered a caravan belonging to the king, who 

t'/Vir °f J**ween 3 a»d 4coo men againft and 
lubdued them. Hie country of thefe people produces 
much fenna. The vales of Tibefti are faid to be fertile 
in corn and pafture for cattle, particularly camels. 

I he people live in lints, and profefs various religions, 
fome the Mahomedan, others are attached to tlseir an- 
cient idolatry. 

The people of Fezzan carry on a confiderable trade 
vv.th rnpoli, Bornou, Nigritia, &c. At the end of- 

October, when the heats are abated, the caravans de¬ 
part from Mourzouk ,in fmall parties of ten or twelve, 
unlefs in time of war. They lay in provifions.of dates, 
meal, and mutton failed, dried in the fun, and boiled in 

oil or tat. The merchants have agents in the chief 

towns, to whom they fend the flaves they purchafe. 

I he caravans to Tripoli carry the trona, fenna, gold 
and flaves brought from the fouthern countries; and in 

return bring back cutlery, woollen, filks, dollars, cop¬ 
per, and brafs. ’ v 

That to Bornou carries brafs and copper, for the 
currency of the country, imperial dollars, and various 

manufactures ; but of their own produce only a prepa¬ 
ration of dates, and meal of Indian corn ; and they take 
in return Haves, gt Id dull, and civet. 

. loCafiina, an empire in Nigritia, they carry cow¬ 
ries, brafs to make rings and bracelets, horfes, fcveral 

kinds of manufactures, and the G00100 nuts ; and in 
return take gold dull, flaves, cotton cloth, dyed goats 
Ikms, hides, fenna, and civet, for the countries fouth of 
the Niger, where nlfo they convey fabre blades and 

ilutch knives, coral, brafs heads, looking glaffes, dollars, 
&'c. and receive back gold dull, flaves, cotton cloths, 
goat ikms, Gooroo nuts, cowries, and ivory. 

A caravan of.pilgrims fetsout likewife in the autumn 
ot every fecond or third year from Mourzouk, the 
capital of Fezzan, to Mecca. They proceed to Te- 

meffa, over the mountain of Ziltan, and thence to Sib- 
bul, a place fubjed to Tripoli ; and thence nearly in a 

line with the Mediterranean fea to Cairo, and thence 
to Mecca by the cullomary route. 

As not one celeftial obfervation has been taken to 
determine any latitude between Benin and Tripoli all 

the pofitions are fixed by eftimation, reckoning fifteen 
or fixteen miles for a day’s journey. Mr Rennell pi accs 

4 N Mourzook, 

P<*zzan. 
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Figurate. Mourzouk,-the capital of Fezzan, in lat. 270. 20', or 

260 miles from Mafurata. * 
FIGURATE numbers are fueh as do or may re- 

prefent fome geometrical figure, fuch as a triangle, 
pentagon, or pyramid, &c. Thefe numbers are treated 

of at great length by Maclaurin in his Fluxionb ; Sim- 
foa in his Algebra ; and Malcolm in his Arithmetic ; 
'but the following account of them by Dr Hutton is as 

perfpicuous as any that we have feen : 
, Figurate numbers are diftinguifhed into orders, ac¬ 

cording to their place in the fcale of their generation, 

being all produced one from another, viz. by adding 

continually the terms of any one, the fucceflive funis-are 
the terms of the next order, beginning from the firft 

order, which is that of equal units 1, 1, 1, 1, &c.; then 
the fecond order confifts of the fucceflive fnms of thofe 
of the firft order, forming the arithmetical progreflion 

i, 2, 3, 4, Sec. ; thofe of the third order are the fuc¬ 
ceflive fums of thofe of the fecond, and are the triangu¬ 

lar numbers ], 3, 6, 10, 15, &c ; thofe of the fourth 
order are the fucceflive fums of thofe of the third, and 

are the pyramidal numbers I, 4, 10, 20, 35, &c. ; and 

fo on, as below : 

Order. Name. Numbers. 

1. Equals, I, 1, I, 1, I? &c. 
2. Arithmetical, I, 2, 3, 4, 5, &c. 
3. Triangulars, 1, 3, 6, 10, 15, &c. 
4. Pyramidals, 1, 4, 10, 20, 35, Sec. 

5. 2d Pyramidals, 1, 5, 15, 35, 70, Sec. 
6. 3d Pyramidals, 1, 6, 21, 56, 126, &c. 
7. 4th Pyramidals, !, 7, 28, 84, 210, Sec. 

The above are all confidered as different forts of tri¬ 
angular numbers, being formed from an arithmetical 
progreflion whofe common difference is 1. But if that 

common difference be 2, the fucceflive fums will be 
the feries of fquare numbers.: if it be 3, the feries will 
be pentagonal numbers, or pentagons ; if it be 4, the 

feries will be hexagonal numbers, or hexagons ; and fo 

on. Thus: 

Arithmeti¬ 
cals. 

1fl Sums, or 
Polygons. 

2d Sums, or 
2d Polygons. 

2, 3, 4 Tri. 1, 3, 6, 10 I, 4, IO, 20 

f» $> S> 7 Sqrs. I, 4, 9, 16 L 5> Mi 30 
i> 4> 7> 10 Pent. 1, 5, 12, 22 1, 6, 18, 40 

l> 5> 9> *3 
Sec. 

Hex. i, 6, 15, 28 1, 7, 22, 50 

And the reafon of the names triangles, fquares, pen- 

:agons, hexagons, Sec. is, that thofe numbers may be 
placed in the form of thefe regular figures or polygons, 

here below : 
!Triangles. 
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Figurate, 
Filter. 

But the figurate numbers of any order may alfo be 
found without computing thofe of the preceding orders; 
which is done by taking the fucceflive produ&s of as 

many of the terms of the arithmeticals 1, 2, 3, 4, 5, Sec. 
in their natural order, as there are units in the number 

which denominates the order of figurates required, and 
dividing thofe produdls always by the firft. product. 

Thus the triangular numbers are found by dividing the 

products 1X2, 2X3, 3 X 4, 4 X 5, &c. each by the 
firfl product 1X2; the firft pyramids by dividing the 
products 1X2X3, 2X3X4, 3X4X5, See. by the 
firft 1 X 2 X 3. And, in general, the figurate numbers 
of any order n, are found by fubftituting fuccefiively 

1, 2, 3, 4, 5, Scc. inftead of x in this general expveflion 

X • X *f* 1 • X -f“ 2.X -j- 3 • &c* 1 . C Cl 
---— ; where the factors m 

I . 2 . 3 . 4 . Sec. 
the numerator and denominator are fuppofed to be mul¬ 

tiplied together, and to be continued till the number in 

each be lefs by 1 than that which expreffes the order of 
the figurates required. 

FILTER (See Encyc!.) It is well known that vef- 

fels made of a particular kind of porous ftone are em¬ 
ployed as filtering bafins for freeing water, intended to 
be drunk, from various kinds of impurity. In fea voy¬ 

ages fuch filtering bafins muft be highly ufeful; and 
they are frequently found ufeful at land where no water 
can be had but from ftagnant pools, or fprings flowing 
through clay. The ftone, however, of which they are 
made - is not every where to be found ; and therefore 

different perfons have endeavoured to employ the art of 
the potter to fupply their place. 

In the year 1790 a patent was granted to a female 
potter, for her invention of the following cc/npofition 

for this purpofe; viz. four equal parts, out of nine equal 
parts, of tobacco-pipe clay ; and five equal parts, out 
of nine equal parts, of coarfe fea, river, drift, or pit 

fand ; thefe two materials, in the above proportions, 
are fufficient for the pnrpofe of making fmall bafins, 
and other veffels, to contain a quantity not exceeding 
one gallon of water, or other liquid. But the compo- 

fition, when confined to thefe two materials, and in 
thefe proportions, often flies or cracks in the fire, if 
larger bafins, or other veffels, are attempted to be made 

with it. She, therefore, irf the fecond inftance, com- 
pofes her filtering bafins of equal parts of tobacco-pipe 

clay and coarfe fea, river, drift, or pit fand ; in the 

third inftance, of three equal parts, out of nine equal 
parts, of tobacco-pipe clay; one equal part, out of nine 

equal parts, of Stourbridge clay, or clay from the fur- 
face of coal mines, or any other clay of the fame quali¬ 

ty; one equal part, out of nine equal parts, of Windfor, 

or 
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FiHer. or other loam, of the fame quality with Windfor loam ; 

arid four equal parts, out of nine equal parts, of coarfe 

liver, fea, drift, or pit fand. Or, in the fourth in- 

fiance, of four equal parts, out of eight equal parts, of 

tobacco-pipe clay ; three equal parts, out of eight e- 

qual parts, of coarfe fea, river, drift, or pit fand ; and 

one equal part, out of eight equal parts, of that burnt 

ground clay of which crucibles are made. 

If the lady who invented, or pretends to have in¬ 

vented, thefe bafins, have a right to her patent, far be 

it from us to vviffi our readers of any defeription to in- 

croach upon it; but as the ufe of the materials of which 

her bafins are made was known to potters before fhe 

was born, they may certainly compound thefe materials 

in proportions different from here, without doing her 

any legal injury. As ftie varies her own proportions 

fo much, we think it probable that fome proportion 

differing a little from them all, may anfwer the purpofe 

of filtering veffels equally well; and it is alinoft need- 

Icfs to add, that with this precaution any potter may 

make fuch veffels, for which lie would undoubtedly 

have a great demand. 

A patent has likewife been granted to Mr Jofliua 

Collier of bouthwark for a very ingenious contrivance 

for filtering^ and fvveetening water, oil, and all other 

liquids. Of this contrivance, which combines the ap¬ 

plication of machinery with the antifeptic properties of 

charcoal (See Chemistry 34. Supplement), we fhall 

give a detailed account. 

Fifh oil is one of the liquids which he had it parti¬ 

cularly in view to free from all its impurities in fmell, 

take, and colour ; and the chemical procefs employed 

• by him for this purpoie, confiils in pouring a quantity 

of any fpecies of fifh-oil, or a mixture of different'forts 

of fifh-oil, into any. convenient veffel, which is to be 

heated to the temperature of no or 120 degrees of 

Fahrenheit’s fcale, and then adding of cauflic mineral 

alkali, of the fpecific gravity commonly deferibed as 

1.25, or of fuch ftrength that a phial containing 1000 

grains of diftilleft water will contain 1250 grains of 

thefe lees, a quantity equal to four parts of the 100 by 

weight of the quantity of oil 5 the mixture is then to 

be agitated, and left to Hand a fufficient time for the 

falts and fediments to fubfide ; it is then drawn off into 

another veffel, containing a fufficient quantity, of frefh 

burnt charcoal, finely powdered, or any other fubftance 

poffeffing antifeptic properties, in a powdered or di¬ 

vided flate, with an addition of a fmall proportion of 

diluted fulphuric acid, fufficient only to decompofe the 

fmall quantity of faponaceous matter flill fufpended in 

the oil, which appears by the oil becoming clear at the 

furface ; the contents of this veffel are alfo agitated, and 

the coaly faline and aqueous particles left to fubfide ; 

after which the oil is paffed through proper ftrainers, 

herein after deferibed, and is thereby rendered perfeft- 

ly tran{parent and fit for ufe. 

The principle of the improved ftrainers, or filtering 

machines, confifts in the means applied to combine hy- 

droflatic preffure, which Jncreafes according to the per¬ 

pendicular height of the fluid, with the mode of filter¬ 

ing per afeenfum, thereby procuring the new and pecu¬ 

liar advantage that the fluid and its fediment take op- 

pofite diredlions. A great advantage attending this 

Invention is, that the dimenfions pf the chamber in 

which the fediment is received, may be varied, while the 
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filtering furface remains the fame. To adapt the ma- Filter, 

chines not only to the purpofe of families, work-houfes, 

hofpitals, public charities, the navy, or the merchant 

fervice, but alfo to all the purpofes of oil-men, of diftil- 

le>s, of the laboratory, the brewery, Sec. chambers of 

various capacities muff be provided for the fediment 

and precipitated matter. With refpea to the oil-trade, 

the fpace required is very great, efpecially for fp erma- 

ceti, or Brafil bottoms. In the various purpofes of 

the laboratory, no limits can be fixed, but all diineii- 

fions will be occafionally required : iu didilleries and 

breweries they may be fmaller in proportion and in 

that defigned for water and for domeffic ufe, a very 

fmall chamber will be fufficient. When water is to be 

fweetened, or freed from any putrid or noxious par¬ 

ticles, it palfes, in its way to the filtering chamber, 

through an iron-box, or cylinder, containing charcoal 

finely powdered, or any other antifeptic Inbllance info- 

luble in water, the water being forced into it by liy- 

droftatic preffure, through a tube of any fufficient 

height. This box lias two apertures to receive arid de¬ 

liver the fluid, and thefe are opened and clofed by cocks, 

or ferews, or any other method ufed for fuch purpoles ; 

and being affixed to the machine by other ferews, may 

be eafily detached from the fame. Thus, whenever 

the charcoal begins to lofe its antifeptic properties, the 

box is removed and heated till it is red hot; by which 

means the foreign matter efcapes through the (mail a- 

pertures ; after which the box is cooled, and the char¬ 

coal becomes fvveet, pure, and equally fit for u(e as at 

fiHt, though the procefs be ever fo often repyatfd. 

Another part of the invention confiils in filtering 

machines in the form of dills, iii which ' charcoal may 

be repeatedly burned after any fluid fub dance's have 

paffed through it, for the purpofe of freeing them’ ei- 

ther from putrid or noxious particles, or of dffchar<ring 

their colouring matter ; which filtering dills are fo con¬ 

trived., that the duid may pafs through in any quanti¬ 

ty,, without displacing the charcoal : the part of the 

fluid remaining interfperfed among the charcoal, rhiy 

be driven over by heat, and be employed for-many in¬ 

ferior purpofes of the arts or manuflaures. tadly, 

the heat may be raffed fo as to purify! the charcoal, as 

has been before deferibed in the machines ./or*water. 

The flue of thole dills is fo condrudted that waterway 

be employed to cool them without the lofs of time re¬ 

quisite for their gradually parting with their heat to 

the furrounding atmofphere, fo as to ipe fit for, a fubfe- 

quent operation. 

But it was not merely to the' purifying of oils and 
various liquids that Mr Collier, turned ins attention. 

To his filtering apparatus are attached indruments for 

afcertaimng the comparative qualities of oils, which de¬ 

pend in pait on the principle of their jpecidc gravities ; 

fpermaceti oil, contraded with other fifh oils, being as 

875 to 920. For this purpofe, a glad veffel of any 

convenient fliape is made ufe of,' funiifiicd with a 

bubble alfo of glafs, and a thermometer. If the oil is 

pure,, this bubble finks, when the mercury rifes to a 

certain dandard, by the application of the hand, or 

any other.heat to the veffel containing the oil. If the 

fpermaceti. oil is impure, the bubble will dill float," 

though it is of the temperature required; and the de¬ 

gree of impure, or foreign matter, will be fhewn bv the 

date of the thermometer at which the bubble finks. 

4 N 3 To 
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To determine what tendency oils ufed for burning 

have to congeal in cold weather, a freezing mixture is 

put in a phial of thin glafs, or any other convenient 

vefiel; into this a thermometer is immerfed, and a fmgle 

drop of the oil, under experiment, fuffered to fall on 

the outfide of the vefiel, where it immediately con¬ 

geals : as the cold produced by the mixture gradually 

ceafes, it is eafy to obferve by the thermometer at what 

point of temperature the oil becomes fluid, and runs 

down the fide of the glafs. 

A fhort defcription of this apparatus will make its 

principles plain to every reader. A (fig. 1.) is the 

ciflern into which the water or other liquor to be fil¬ 

tered is put. B B is a tube opening into the bottom 

of the ciflern A, and bent along the bottom of the ma¬ 

chine conveying the fluid into CCC the filtering cham¬ 

ber, which is covered with leather bound down round 

its circular rim, and through which leather the water is 

percolated. DD, The bafon riling above the level of 

the chamber1 and receiving the filtered liquor. E, The 

fpout by which it runs off into a pitcher or other vefiel. 

F, Another fpout furnifhed with a coek to draw off the 

foul water from the chamber when neceffary. GGG, 

The air tube, which begins above the level of the cham¬ 

ber, is covered with a button, which faves the leather 

from being cut, and has a fmall lateral aperture for the 

air to be carried off. This pipe paffes along the bot¬ 

tom and up the fide, and rifing above the level of the 

water ia the ciflern, k there clofed, except a fmall late¬ 

ral aperture through which the air efcapes. H, A 

guard or rim with crofs bars put over the leather to 

keep it from being forced up by the water. It is faf- 

tened down by means of two notches on oppofite fides 

of the guard, by which it locks into two ftaples rivet-^ 

' ted into the bottom of the bafon. I, The lid Aiding 

down to cover the water from dull, and fufpended at 

pleafure by means of KK, two fprings on each tube 

for that purpofe. LMNO, A cylindrical box contain¬ 

ing charcoal, which is connected with the above by 

means of the tube P, and a continuation of the tube B. 

LM, The water tube B continued below the charcoal 

apparatus, fo that the fluid may pafs through the fame 

into the cylinder, from whence it enters the chambers 

at P, fo as to be filtered through the leather as before 

deferibed. RR, Collars which may be un fere wed at 

pleafure, fo as to detach the charcoal apparatus when¬ 

ever the charcoal requires to be purified by heat. SS, 

Two eocks to direCl the fluid through the charcoal cy¬ 

linder, or immediately into the filtering chamber. 

Fig. 2. A, A tub or ciflern containing the oil to be 

filtered, and fupplying a tube of fufficient height for 

the hydroflatic preffure to operate. BB, A main tube 

of wood, tin, leather, or cloth, to which any number of 

bags, of the fize and fliape of corn facks, or any CC, 

convenient lize or fliape may be connected. Thefe are 

bound to DDD, ftraight double iron bars, furniflied 

with a hinge at one end and a ferew at the other, by 

opening which the bags may be'emptied. F, A trough 

underneath, made to receive the filtered oil from the 

receivers EEE. 

kig. 3. A, A funnel calk or ciflern, into which the 

fluid is put which paffes down. B, A tube fitted into 

the fame, through which it enters. C, An iron ftill, 

or ftill of any other fubflance capable of fuflaining heat, 

full of finely powdered and lifted charcoal, through 
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the head of which the fluid paffes into any receiver. 

D, A fire-place of any conflru&ion to drive over the ~ 

fluid remaining interfperfed among the charcoal, and 

alfo to purify the charcoal by an increafe of temperature- 

when required. E, A cock to let water into the flues 

to cool the apparatus for a fubfequent operation. 

Fig. 4. The trial glafs with its thermometer. 

FIRE. See that article Ettcycl. and Caloric and 

Combustion, Chf.mistrt-Index in this SuppL 
Extinttlon of Fire is fometimes a matter of fo much 

coufequence, that every thing which promifes to be ef¬ 

fectual for that purpofe is worthy of attention. In the 

nineteenth number of Mr Nicholfon’s Journal of Philo- 

fophy, Chemiftry, and the Arts, we have the following 

compofition for extinguifliing fire, invented by M. Von 

Aken. 

Burnt alum - pounds 30 

Green vitriol powdered - 40 

Cinabrefe or red ochre in powder - 20 

Potter’s clay, or other clay,'alfo powdered 200 

Water ------ 630 

With 40 meafures of this mixture an artificial fire 

was extingnifiled under the direction of the inventor 

by three perfons, which would have required the labour 

of 20 men and 1500 meafures of common water. Sig. 

Fabbroni was commfflioned to examine the value of 

this invention, and found in his comparative trials with 

engines of equal power, worked by the fame number of 

men, that the mixture extinguished the materials in 

combuflion in one fixth part lefs time, and three eighths 

lefs of fluid than when common water was ufed. He'ob- 

ferved, as might indeed have been imagined from the na¬ 

ture of the material, that the flame difappeared where - 

ever the mixture fell, and that the faline, metallic, and 

earthy matters, formed an impenetrable lute round the 

hot combuflible matter, which prevented the accefs of 

the air, and confequently the renewal of the dellruCtive 

procefs. 

This recipe, Mr Nicholfon informs us, is taken from 

N° 85. of Glornale Letterario di Napoli, in which it was 

inferted in the form of a letter from Sig. Fabbroni to 

Sig. D. Luigi Targioni of Naples; and the author of 

the letter eftimates the price of the compofition at about 

one halfpenny per pound. 

The reafon afiigned by Mr Nicholfon for giving this 

abridged account a place in his valuable work, will be 

admitted by him and the public as a fufficient reafon for 

our adopting it into our’s. It is, that fuch inventions 

are worthy of the attention of philofophers and econo- 

mifls, even though in the firfl applications they may 

prove lefs advantageous than their inventors may be 

difpofed to think. It is fcarcely probable that this 

pradice in the large way, with an engine throwing up¬ 

wards of 200 gallons (value about L.3, 10s.) each mi¬ 

nute, would be thought of or adopted, or that a fuf¬ 

ficient flore of the materials would be kept in readi¬ 

ngs ; fince at this rate the . expenditure for an hour 

would demand a provifion to the amount of L. 2io 

fierling. But in country places the procefs, or fome 

variation of it, might be applied with fufficient profit 

in the refult; more efpecially if it be confidered that 

common fait or alum, or fuch faline matter as can be 

had and mixed with the water, together with clay, 

chalk, or lime, ochreons earth or common mud, or even 

thefe lafl without any fait, may anfwer the purpofe of 

the 

Fire. 
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F*rc. the lute with more or lefs effed, and extinguish an ac- 

^-' cidental fire with much greater fpeed and certainty than 
clear water would do. 

FiRR-Balls are meteors, of which fome account has 
been given in the Encyclopedia, as well as of various 
hypothefes which have been framed refpeding their na¬ 
ture and their origin. Since that article was ptiblifhed, 

a new and very fmgular hypothecs has been framed by 
Profeffor Chladni of Wittenberg, who maintains it by 

arguments, which, however fanciful, are yet worthy of 
1 Phil,Mag. the reader’s notice *. 

Nos sand 7 •. He fuppofes that fire-balls, inftead of being collec¬ 

tions of the eledtrical fluid floating in the highell re¬ 

gions of our atmofphere, are maffes of very denfe mat¬ 
ter formed in far diftant parts of fpace, and fubjeded 

to fimilar laws with the planets and comets. He en¬ 
deavours to prove that their component parts mult be 
denfe and heavy ; becaufe their courfe ihews, in fo ap¬ 

parent a manner, the effects of gravity ; and becaufe 

their mafs, though it diflends to a rnonflrous flze, re¬ 

tains fufficient cordiftency and weight to continue an 
exceedingly rapid\movement through a very large fpace, 

without being decompofed or difl'olved, notwithftand- 
ing the refinance of the atmofphere. It feems to him 
probable, that this fubftance is by the effed of fire re¬ 
duced to a tough fluid condition ; becaufe its form ap¬ 

pears fometimes round and fometimes elongated, and 
as its extending till it burfls, as well as the hurfting it- 
felf, allows us to fuppofe a previous capability of ex- 
tenfion by elaftic fluidity. At any rate, it appears to 
be certain, that fuch denfe matter at fo great a height 
is not colleded from particles to be found in our atmo¬ 
fphere, or can be thrown together into large mafles by 

any power with which we are acquainted ; that no 

power with which we are acquainted is able to give 
to fuch bodies fo rapid a projedile force in a diredion 
almofl parallel to the horizon ; that the matter does 
not rife upwards from the earth, but exifts previotifly 

Jn the celeflial regions, and muff have been conveyed 
thence to our earth. In the opinion of Dr Chladni, 

the following is the only theory of this phenomenon 

that agrees with all the accounts hitherto given, which 
is not contrary to nature in any other refped, and 

which befides feems to he confirmed by various mafifes 
found on the fpot where fire-balls fell. 

As earthy, metallic, and other particles form the 
principal component parts of our planets, among which 
iron is the prevailing part, other planetary bodies may 
therefore con fill of fimilar, or perhaps the fame com¬ 

ponent parts, though combined and modified in a very 
different manner. There may alfo be denfe matters ac¬ 
cumulated in fmaller mafles, without being in immediate 
connedion with the larger planetary bodies difperfed 
throughout infinite fpace ; and which, being impelled 
ether by fome projefting power or attradion, continue 
to move until they approach the earth or fome other 

body, when, being overcome by its attradive force, 
» they immediately fall down. By their exceedingly 

great velocity, ftill increafed by the attradion of the 

earth and the violent fridion in the atmofphere, a flrong 
cledricity and heat muft neceffarily be excited ; by 

which means they are reduced to a flaming and melted 

condition, and great Quantities of vapour and different 

kinds of gafes are thus difengaged, which diftend the li¬ 

quid mafs to a rnonflrous fize, till, by a ilill farther ex- 
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panfion of thefe elaflic fluids, it mull at length burfl. 
Dr Chladni thinks alfo, that the greater parr of the ' 

Jhooting ftars, as they are called, are nothing elfe than 

fire-balls; which differ only from the latter in this, that 

their peculiarly great velocity carries them paft the 

earth at a greater diflance, fo that they are not fo 
llrongly attraded by it as to fall down ; and therefore, 

in their paffage through the high regions of the atmo¬ 

fphere, occafion only a traniient eledric flafh, or adual- 
lv take fire for a moment, and are again fpeedily extin- 
guifhed, when they get to fuch a diflance from the earth 

that the air becomes too much rarefied for the exifl- 
ence of fire. 

The grounds on which Dr Chladni fupports this opi¬ 

nion are various relations, well authenticated, of the mo- 

Fire. 

tions of thofe meteors, and the phenomena which ac¬ 
company their burfting. Befides thofe mentioned in the 

Encyclopedia, he lays a particular ftrefs on the account 
which he received from M, Baudin, Profeffor of phi- 
lofophy at Pau, of a remarkable fiery meteor feen in 
Gafcony on the 24th of July 1790. On the evening 

of that day M. Baudin was in the court of the caflle 

of Marmes with a friend, the atmofphere being perfed- 
!y clear, when they fuddenly found themfelves furroutid¬ 

ed by a whitifh light, which obfeured that of the full 
moon, then Alining with great luflre. On looking up¬ 

wards, they obferved, almofl in their zenith, a fire-ball 
of a larger diameter than the moon, and with a tail 

equal in length to five or fix times the diameter of the 
body. The ball and the tail were of a pale white co¬ 

lour, except the point of the latter, which was almoil 

as red as blood. The diredion of this meteor was 
from foutli to north. 

“ Scarcely (fays M. Baudin) had we looked at it 
for two feconds when it divided itfelf into feveral por¬ 
tions of confiderable fize, which we faw fall in different 
diredions, and almofl with the fame appearance as the 
burfting of a bomb. All thefe different fragments be¬ 
came extinguifhed in the air ; and fome of them, in 
falling, afTumed that blood-red colour which I had ob¬ 

ferved in the point of the tail. It is not improbable 
that all the reft may have aflumed the fame colour ; but 

I remarked only thofe which proceeded in a diredion 
towards Mormes, and which were particularly expofed 
to my view. 

“ About two minutes and a half, or three minutes, 
after, we heard a dreadful clap of thunder, or rather 

explofion, as ir ieveral large pieces of ordnance had been 
fired off together. The concuflion of the atmofphere 
by this fkock was fo great, that we all thought an 

earthquake had taken place. The window's fhook in 
their frames, and fome of them, which probably wrere 
laid to and not clofely fhut, were thrown open. We 

were informed next day, that in fome of the houfes at 

Houga, a finall town about half a mile diflant from 
Mormes, the kitchen utenlils were thrown from the 
fhelves; fo that the people concluded there had been 

an earthquake. But as no movement was obferved in 
the ground below our feet, I am inclined to think that 

all thefe effeds were produced merely by the violent 
concuflion of the atmofphere. 

“.We proceeded into the garden while the noife ftill 
continued, and appeared to be in a perpendicular di¬ 

redion above us. Some time after, when it had ceafed, 

we heard a hollow noife, which feemed to roll along 

the 
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the chain of the Pyrenees in echoes, for the di dance of 

15 miles. It continued about four minutes, becoming 
gradually more remote, and always weaker; and at the 
fame time we perceived a (Irong fmell of lulphur. 

“ While we were endeavouring to point out to fome 
perfons prefent the place where the meteor had divided 

jtfelf, we obferved a fmall whitifh cloud, which arofe 
perhaps from the vapour of it, and which concealed 

from us, the three (lars of the Great Be^r, lying in the 
middle of thofe forming the femicircle. With fome 
.difficulty, however, we could at lad diftinguifh thefe 

liars 3gain behind the thin cloud. There arofe, at the 

fame time, a frefh gentle breeze. 
“ From the time that tlapfed between the bur.fting 

of the ball and the explofiou which followed, I was in- 

,clined to think that the meteor was at the height of 

-at. lead feven or eight miles, and that it-fell four miles 
.to the north of Mormes. The latter part of my con- 

je<Slure was foon confirmed by an account which we re¬ 
ceived, that a great man)' (tones had fallen from the 
.atmofphere at Juliac, and in the neighbourhood of Bar- 

.botan. One of thefe places lies at the didance of 
about four miles to the north of Mormes, and the 
other at about the didance of five to the north-north- 

♦wed/’ 
- M. de Carrits Barbotan, the friend who was with 

.the Profeffor in the court and garden of Mormes when 
the meteor fird attracted their attention, was at Juliac 

-two days afterwards, and confirmed to him the truth of 

.this circumdance. It appeared, likewife, from the ac¬ 
count of feveral intelligent perfons, highly worthy of 
-credit, that the meteor burd at a little didance from 

juliac, and that the dones which fell were found lying 
in a fpaee almod circular, about two miles in diameter. 
They were of various fizes. Some were feen to fall, 
which, when found, weighed 18 or 20 pounds, and 

which had funk into the earth from two to three feet. 
M. de C. Barbaton tranfmitted one weighing 18 pounds 

to the Academy of Sciences at Paris ; and M. Bandin 
was told, that fome were found which weighed even 

50 pounds. He examined a fmall one, and found it 
very heavy in proportion to its fize : it was black on 
the outfide; of a greyifii colour in the infide, and inter- 

jfperfed with a number of fmall (hining metallic par¬ 

ticles. On driking it with a piece of deel, it produced 
a few fmall dark red fparks, not very lively. A mine- 

ralogift, to whom a like piece of done from the fame 
meteor was (hewn at Paris, defcribed it as a kind of 
grey flag mixed with calcareous fpar, the furface of 
which exhibited vitrified blackifh calx of iron. The 
Profeffor was told alfo, that fome dones were found to¬ 
tally vitrified. 

Such (fays DrChladni) is the account given by Bau- 
din of this meteor ; the phenomena of which he endea¬ 

vours to explain from accumulations in the upper parts 
of the atmofphere. 

According to all the obfervations hitherto made with 
any accuracy on fire-balls, the height at which they 
were fird perceived was always very confiderable, and 
by comparing the angles under which they were feen 
from different points, often 19 German miles, and even 
more ; their velocity, for the mod part, feveral miles in 

a fecond ; and their fize always very great, often a 
quarter of a mile, and even more, in diameter. They 

were all feen to fall modly in an oblique diredlion ; not 

one of them ever proceeded upwards. All of them Fire, 
have appeared under the form of a globular mafs, fome- 
times a little extended in length, and highly luminous; 
having behind it a tail, which, according to every ap¬ 
pearance, was compofed of flames and fmoke. All of 

them burd after they were feen to move through a large 
fpaee, fometimes over feveral diftritls, with an explofiou 
which (hook every thing around. In every irdance 
where there has been an opportunity of obfervirg the 

fragments that fell after they burd, and which fome- 

times havq funk to the depth of feveral feet into the 
earth, they were found to confid of fcorious maffes, 
which contained iron in a metallic or calcined date, 
pure, or elfe mixed with different kinds of earth and 
lulphur. All the ancient and modern accounts, writ¬ 

ten partly by naturalids and partly by others, are fo 
effentially fimilar, that the one feems to be only a re¬ 

petition of the other. This conformity in accounts, 
the authors of which knew nothing of thofe given by 

others, and who could have no intered in fabricating 

fimilar tales, can fcarcely have arifen from accident or 
fi&ion, and gives to the related fa£ls, however inexpli¬ 

cable many of them may feem, every degree of credi¬ 

bility. 
In the third volume of Pallas’s Travels, we have an 

account of a mafs of iron difeovered by him in Siberia^ 
which Dr Cliladni confiders as having been undoubted¬ 
ly a fire-ball, or the fragment of a fire-ball. This pro¬ 
blematical mafs was found between Krafnojarfk and A- 
bekanfk in the high (late mountains, quite apen and 

uncovered. It weighed i 600 pounds; had a very ir¬ 
regular and fome what comprefied figure like a rough 

granite ; was covered externally with a ferruginous 
kind of crud ; and the infide confided of malleable iron, 

brittle when heated, porous like a large fea fponge, 
and having its interdices filled with a brittle hard vitri¬ 

fied fubdance of an amber yellow colour. This texture 
and the vitrified fubdance appeared uniformly through¬ 

out the whole mafs, and without any traces of flag or 

artificial fire. 
Dr Chladni (hews, with a great deal of ingenuity, 

that this mafs neither originated by the wet method, 
nor could have been produced by art, the burning of a 

fored, by lightning, or by a volcanic eruption. It ap¬ 
pears to him, therefore, in the highed degree probable, 

that it is of the fame nature with fire-balls, or, as they 
have fometimes been called, flying dragons. The Tar¬ 

tars, as we are informed by Pallas, confidered this mafs 
as a facred relic which had dropped down from heaven; 
and this circumdance Dr Chladni confiders as no (light 

confirmation of his opinion, which he farther fupports 

by the following reaionings: 
“ 1. As fire-balls confid of denfe and heavy fubdances, 

which, by their exceedingly quick movement, and the 

fridlion thence excited by the atmofphere, become elec¬ 
tric, are reduced to a date of ignition, and melted by 
the heat, fo that they extend to a great fize, and burd; 
it thence follows, that in places where fragments, pro¬ 
duced by the burding of a fire-ball, have been found, 

fubdances endowed with all thefe properties mud alfo 
have been found. Iron, however, the principal compo¬ 

nent part of all the maffes hitherto found (and he fpeaks 
of many befides that of Pallas), poffeffes all thefe pro¬ 

perties in a .very eminent degree. The weight and 

toughnefs of the principal component parts of fire-balls, 
which 
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Fire. which muft be very con fiderable, fince, with the great- 

- eft pofiible diftentiori, they l'etain confidence enough to 
proceed with the utmoft velocity through fuch an im- 
menfe fpace without decorupofition of their mafs, and 

without their progrefs being obitrudfed by the reiift- 
ance of the air, agree perfectly well with melted iron; 
their dazzling white light, lias by many obfervers been 
compared to that of melted iron ; iron alfo exhibits the 
fame appearances of flaming, fmoking, and throwing 

out fparks, and all thefe phenomena are moll beautiful 
when they take place in vital air. Of the extenfiori by 
elaftic fluids expanded by the heat, and of the contrac¬ 

tion which follows from cold, traces may be difcovered 
in the internal fpongy nature of the iron maffes which 

have been found, and in the globular depreffions of the 

exterior hard crufl ; the latter of which gives us reafon 
to fuppofe, that in thefe places there have be£n air- 
bubbles, which, 011 cooling, funk down. The mixture 
of fulphur found in various mafies, agrees rlfo exceeding¬ 

ly well with the phenomena of fire-balls, and efpecially 
with the great inflammability of fulphur in very thin 
impure air ; for it is well know'll that fulphur in an air- 

pump will take fire in air in which few other bodies 
could do the fame. In regard to thofe maffes in which 
no fulphur was found, this may have arifen from the 
fulphur efcaping in vapour, fince fome time after the ap¬ 

pearance of fire-balls a ftrong fmell of fulphur has been 
perceived. The brittlenefs of the Siberian iron mafs 
when heated, may arife from fome fmall remains of ful¬ 
phur, which may perhaps be the caufe of the facility 
with which fragments of this mafs, as well as of another 
found at Aix-la-Chapelle, could be roaftcd. 

“ 2. The whole texture of the mafies betrayed evident 
figns of fufion. This, however, cannot have been oc- 

cafioned by any common, natural, or artificial fire; and 
particularly for this reafon, becaufe iron fo malleable is 
not fufible in fuch lire, and when it is fufed with the 
addition of inflammable matters, lofes its malleability, 
and becomes like common raw iron. The vitrified fub- 
ftance in the Siberian mafs is equally incapable of be¬ 
ing fufed in a common fire. The lire, then, muff have 
been much ftronger than that produced by the com¬ 

mon, natural, and artificial means ; or the fufion muft 
have been effe&ed by the force of exceedingly ftrong 
ele&ricity ; or perhaps both caufes may have been com¬ 
bined together. 

“ 3. It is totally incomprehenfible hew, on the high 
flate mountains, where the Siberian mafs was found, at 
a confiderable diftance from the iron mines; in the 
chalky foil of the extenfive plains of America, where 
for a hundred miles around there are no iron mines, 
and not even fo much as a ftone to be found ; and at 
Aix-la-Chapelle, where, as far as the author knows, 
there are no iron works—fo many ferruginous particles 
could be colle&ed in a fmall fpace as would be necef- 
fary to form mafles of 1600, 15,000, and 17,000, up 

to 33,600 pounds. This circumflance (hews that thefe 
maffes could as little have been fufed by lightning as 
by the burning of a foreft or of foible coal. Thefe 

mafles wrere found quite expofed and uncovered, and 
not at any depth in the earth, where we can much 

more readily admit fuch an accumulation of ferruginous 
particles to have been melted by the effects of light- 
ning. 

4< Should it be afked liow fuch maffes originated, or 
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by what means they were brought into filch an infu- Fire, 

lated pofition ?ythis queflion would be the fame as if it w>— 
were afked how the planets originated. Whatever by- 
pothefes we may form, we mult either admit that the 

planets, if we except the many revolutions which they 

may have undergone, either on or near their furface, 
have always been fince their firft formation, and ever 

will be the fame | or that Nature, acting on created 
matter, pofleffes the power to produce worlds and whole 

fyftems, to deftroy them, and from their materials to 

form new ones. For the latter opinion there are, in¬ 

deed, more grounds than for'the former, as alternations 
of deftrudlion and creation are exhibited by all orga- 
nifed and unorganifed bodies on our earth; which gives 

11s reafon to fufpeft that Nat ure, to which greatnefs and 

fmallnefs, confidcred in general, 3re merely relative terms, 
can produce more efle&s of the fame kind on a larger 
feale. But many variations have been obferved on dif- 
tant bodies, which, in fome meafnre, render the laft 

opinion probable. For example, the appearing and to¬ 
tal disappearing of certain flars, when they do not de¬ 

pend upon periodical changes. If we now admit that 

planetary bodies have ftarted into exiftence, we cannot 
fuppofe that fuch an event can have otherwife taken 
place, than by conje&uring that either particles of mat¬ 

ter, which were before difperfed through infinite fpace 
in a more foft and chaotic condition, have united to¬ 
gether in large maffes by the power of attraftion ; or 
that new planetary bodies have been formed from the 

fragments of much larger ones that have been broken 

to pieces, either perhaps by fome external fhock, or 
by an internal explofion. Let whichever of thefe hy- 
pothefes be the trueft, it is not improbable, or at lead 

not contrary to nature, if we fuppofe that a large quan¬ 
tity of fuch material particles, either on account of 
their too great diftance,. or becaufe prevented by a- 
ftronger movement in another dire&ion, may not have 
united themfclves to the larger accumulating mafs of a, 
new world ; but have remained infulated, and, impelled 
by fome fhock, have continued their courfe through in¬ 
finite fpace, until they approached fo near to fome pla¬ 
net as to be within the fphere of its attraaion, and 
then by falling down to occafion the phenomena before 
mentioned.” 

WhetherChladni be a phflofopher of the French fchool 
we know not; but fome parts of his theory tend ftronm- 

ly towards materialifm ; and the arguments by which 
he attempts to prop thofe parts are peculiarly weak. 
When he talks of Nature producing worlds, he either 
fnbftitutes Nature for Nature’s God, or utters jargon 
which has no meaning. In what fenfe the word Nature 
is 11 fed by every philofopher of a found mind, we have 
elfewhere been at fome pains to fhew (fee River, n° 11 {], 

EncycL)\ but how abfurd would it be to fay, that the 
fyftem of general laws, by which the Author and Go¬ 
vernor of the univerfe conne&s together its various 
parts, and regulates all their operations, pofleffes, inde¬ 
pendently of Him, “ the power to produce worlds and 

whole fyftems, to deftroy them, and from their mate¬ 
rials to form new ones!” 

As Chladni admits, or talks as if he admitted, the 
creation of matter, it would be wrong to impute to 
him this abfurdity ; but if by Nature he means God, 

and he can confidently mean nothing elfe, we beg leave 

to affirm, that it is direftly contrary to every notion 

which 
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Fire, which we can form of Nature in this fenfe* 4i to fuppofe 

P^/~°«T^that a large quantity of material particles, either on ac* 
count of the dijlance, or becaufe prevented by a Jlronger 
movement in another dire&ion, have not united them- 
felves to the larger accumulating inafs of a new world, 
but remained infulated, and impelled by fome fhock, 

have continued their courfe through infinite fpace, &c.” 
Is there any diflance to which God cannot reach, or 
any movement fo ftrong as to refill his power ? Our 

author’s language is indeed confufed, and probably his 

ideas were not very clear. When he fpeaks of the par¬ 
ticles of matter being at firfl difperfed through infinite 

fpace, and afterwards united by the potver of attrac¬ 

tion, he revives the queftion which was long ago dif- 
cuffed between Newton, and Bentley, and difeuffed in 
fuch a manner as fhould have filenced for ever the bab¬ 

blings of thofe who form worlds by attraction. 
“ The hypothecs (fays Newton) of matter’s being 

at firft evenly fpread through the heavens, is, in my opi¬ 

nion, inconfiftent with the hypothefis of innate gravity 
without a fupernatural power to reconcile them ; and 

therefore infers a Deity. For if there be innate gravi¬ 

ty, it is impofTible now for the matter of the earth, and 
all the planets and liars, to fly up from them, and be¬ 

come evenly fpread through all the heavens, without a 
fupernatural power ; and certainly that which can never 
be hereafter without a fupernatural power, could never 

be heretofore without the fame power.” Dr Chladni, 
indeed, does not fay that his particles of matter were 

evenly difperfed through infinite fpace ; but fucli mufl 
be his meaning, if he has any meaning : for matter un¬ 
evenly difperfed muft, by 3n innate attra&ion, be united 

as foon as it exifls, and fo united as not to leave fmall 
fragments of it to wander, we know not why, through 

the tracklefs void. Turn matter on all fides, make 
it eternal or of late production, finite or infinite, there 
can be no regular fyflem produced but by a voluntary 

and meaning agent ; and therefore, if it be true that 
fire-balls are maffes of denfe matter, coeval with the pla¬ 
netary fyflem, exifting in the celeftial regions, and 

thence conveyed to our earth, they muft have been 
formed, and their motions impreffed upon them, by the 

Author of Nature for fome wife purpofe, though by 
us that purpofe may never be difeovered. One thing 
feems pretty clear, that wherever they may be formed, 

the phenomena attending their burfting, account fuffici- 

cntly for the notions of thunderbolts whieh have been 
generally entertained in all ages, and in every country. 

Greek-FiRF (fee lVIM-Fire, EncycLJ. In the fecund 
volume of Mr Nieholfon’s Philofophical Journal, we 

have the following receipt for making this compofition, 
taken from fome manuferiptsof Leonard de Vinci, who 
flourifhed in the end of the fifteenth and beginning of 

the fixteenth centuries, and who appears to have advan¬ 
ced far before his, contemporaries in phylical fcience. 
Take the charcoal of willow, nitre, brandy, refill, ful- 
phur, pitch, and camphor. Mix the whole together 

over the fire. Plunge a woollen cord in the mixture, 
and form it into balls, which may afterwards be pro¬ 

vided with fpikes. Tliefe balls, being fet on fire, are 
thrown' into the enemy’s veflels. It is called the Greek 
lire, and is a fingular compofition, for it burns even up¬ 

on the water. Callinicus the architedl taught this com¬ 
pofition to the Romans^ (of Conflantinople), who de¬ 

rived great advantage from it, particularly under the 

emperor Leo, when the Orientals attacked Conftanti* Ffrt, 
nople. A great number of their veflels were burned 
by means of this compofition. 

The compofition of the Greek fire thus given by 
Vincini is found in nearly the fame words in fome of the 

writings of Taptffta Porta; whence it appears that both . 
authors derived their information from the fame fource. 
A compofition which burnt without accefs to the at- 

mofphere could not fail to fill the minds of our fore¬ 
fathers with wonder; but the modern difeoveries in 

chemiflry have difclofed the fecret, by flic wing, that 
the combuftion is carried on by means of the oxygen 
contained in the nitre. 

Rafant or Razant Firf, is a fire from the artillery 

and fmall arms, dire&ed parallel to the horizon, ‘or to 

thofe parts of the works of a place that are defended. 
Running Fire is when ranks of men fire one after 

another; or when the lines of an army are drawn out 
to fire on account of a vi&ory; in v. hich cafe each fqua- 

drpn or battalion takes the fire from that on its right, 

from the right of the firfl line to the left, and from the 
left to the right of the fecond line, &c. 

FISHING, the art of catching fifh. See Angling, 

Fishery, and Fishing, See. EncycL 
Chinefe Fishing. We venture to give this appella¬ 

tion to fome very ingenious contrivances of the people 
of China for catching in their lakes, not only fifh, but 

water-fowl. For the purpofe of catching fifh they have 
trained a fpecies of pelican, refembling the common cor- 
vorant, which they call the Leu-tze, or fifhing-bird. It 
is brown, with a white throat, the body whitifh beneath, 

and fpotted with brown ; the tail is rounded, the irides 
blue, and the bill yellow. Sir George Staunton, who, 

when the embaffy was proceeding on the fouthern 
branch of the great canal, faw thofe birds employed, 
tells us, that on a large lake, clofe to the eaft fide of 

the canal, are thoufands of fmall boats and rafts, built 

entirely for this fpecies of fifhery. On each boat or 
raft are ten or a dozen birds, which, at a figtial from 
the owner, plunge into the water; and it is aftonifhing 

to fee the enormous fize of fifh with which they return, 
grafped within their bills. They appeared to be fo well 
trained, that it did not require either ring or cord about 
their throats to prevent them from fwallowing any por¬ 

tion of their prey, except what their mafler was pleafed 

to return to them for encouragement and food. The 

boat ufed by thefe fifliermen is of a remarkable light 
make, and is often carried to the lake, together with 

the foiling birds, by the men who are there to be fup- 
ported by it. 

The fame author faw the fifhermen bufy on the great 
lake Wee-chaung-hee ; and he gives the following ac¬ 

count of a very lingular method pra&ifed by them for 

catching the fifh of the lake without the aid of birds, 
of net, or of hooks. 

To one fide of a boat a flat board, painted white, 
is fixed, at an angle of about 45 degrees, the edge in¬ 

clining towards the water. Gn moonlight nights the 
boat is fo placed that the painted board is turned to 

the moon, from whence the rays of light ftriking on the 
whitened furface, give to it the appearance of moving 

water ; on which the fifh being tempted to leap as on 

their element, the boatmen, riling with a firing the 

board, turn the fifh into the boat. 
Water-fowl are much fought after by the Chinefe 

and 
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Mu!a. and are taken upon the fame lake by the following in- 

v genious device. Empty jars or gourds are fullered to 
float about upon the water, that fuch objeds may be¬ 
come familiar to the birds. The fifherman then wades 
into the lake with one of thofe empty veffels upon his 
head, and walks gently towards a bird ; and lifting up 
his arm, draws it down below the furface of the water 

without any difturbance or giving alarm to the reft, 
feveral of whom he treats in the fame manner, until he 
fills the bag lie had brought to hold his prey. The 

contrivance itfelf is not fo fingular, as it is that the fame 
exadly fhould have occurred in the new continent, as 
Ulloa alferts, to the natives of Carthagena, upon the 
lake Cienega de Teiias. 

b ISTULA Lachrymalis is a difeafe which, in all 
its ftages, has been treated of in the article Surgery, 

chap. xiv. Encycl. A work, however, has been lately 
publifhed by James Ware furgeon, in which there is 
the defcription of an operation tor its cure confiderably 
cutferent from that moft commonlyr ufed, and which, 

while it is fimple, the author’s experience has afcertain- 
ed to be fuccefsful. 

In the cure of this difeafe, which is very troublefome, 
and not very uncommon, it is a well known pradice to 
infeit a metallic tube in the nafal dud of the lachrymal 
canal ; but the advantage derived from this operation 
is not at all times lafting. Among other caufes of 

failure, Mr Ware notices the lodgment of inlpiflated 
mucus in the cavity of the tube. To remedy this de- 
fed, he recommends the following operation. 

(( If the difeafe has not occafioned an aperture in the 
lachrymal fac, or if this aperture be not fituated in a 
right line with the longitudinal diredion of the nafal 

du&, a pundure fhould be made into the fac, at a fmail 
diftance from the internal juncture of the palpebrse, and 
nearly in a line drawn horizontally from this juncture 

towards the nofe with a fpear-pointed lancet. The 
blunt end of a filver probe, of a fize rather fmaller than 
the probes that are commonly ufed by furgeons, fhould 
then be introduced through the wound, and gently, 
but • fteadily, pufhed on in the diredion of the nafal 

dudf, with a force fufficient to overcome the obftruc- 
tion in this canal, and until there is reafon to believe 
that it has freely entered into the cavity of the nofe. 
The pofition of the probe, when thus introduced, will 
be nearly perpendicular ; its fide will touch the upper 
edge of the orbit ; and the fpa. e between its bulbous 
end in the nofe and the wound in the Ikin will ufually 
be found, in a full-grown perfon, to be about an inch 
and a quarter, or an inch and three-eighths. The 
probe is then to be withdrawn, and a filver ftyle, of a 
fize nearly fimilar to that of the probe, but rather fmal¬ 
ler, about an inch and three-eighths in length, with a 
flat head, like that of a nail, but placed obliquely, that 
it may fit clofe on the fkin, is to be introduced through 
the dud, in place of the probe, and to be left conftant- 
Jy in it. For the firft day or two after the ftyle has 
been introduced, it is fometimes advifable to wafli the 
eye with a weak faturnine lotion, in order to obviate 
any tendency to inflammation which may have been 
excited by the operation ; but this in general is fo 
flight, that our author has rarely had occafion to ufe 
any application to remove it. The ftyle fhould be with¬ 
drawn once every day for about a week, and after¬ 
wards every feeond or third day. Some warm water 
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fhould each time be injeded through the dud into the Fifhfta, 

nofe, and the inftrument be afterwards replaced in the , 

fame manner as before. Mr Ware formerly ufed to 
cover the head of the ftyle with a piece of diachylon 
pi after fprcad on black ftlk, but has of late obviated 
the neceflity for applying any plafter by blackening 
the head of the ftyle with fealing wax. 

“ (lays he) produced by the ftyle, when 
introduced in the way above mentioned, at firft gave 
me much furprife. It was employed with a vkw fimi¬ 
lar to that with which Mr Pott recommends the intro- 
dudion of a bougie $ viz. to open and dilate the nafal 
du&, and thus to eflablifh a paffage, through which the 

tears might afterwards be conveyed from the eye to the 
nofe. I expected, however, that whilft the ftyle con¬ 
tinued in the dud the obftruaion would remain, and of 
courfe that the watering of the eye, and the wcaknefs 
of the fight, would prove as troublefome as they had 
been before the inftrument was introduced. I did not 
imagine that any eflential benefit could refult from the 
operation until the ftyle was removed, and the paffage 

thereby opened. It was an agreeable difappointment 
to me to find that the amendment was much more ex¬ 
peditious.^ The watering of the eye almoft wholly 
ceafed as Icon as the ftyle was introduced ; and in pro¬ 
portion as the patient amended in this rdped, his light 
alfo became more ftrong and ufeful. The ftyle, there¬ 
fore, lee ms to ad in n twofold capacity : firft, it di¬ 
lates the obftruded paffage ; and then, by an attrac¬ 
tion fomewhat fimilar to that of a capillary tube, it 
guides the tears through the dud into the nofe. 

“ The wound that I ufually make into the fac, if 
the fupperative procefs has not formed a fuitable aper¬ 
ture in this part, is no larger than is juft fufficient to 
admit the. end of the probe or ftyle ; and this, in gene¬ 
ral, in a little time, becomes a fiftulous orifice, through 
which the ftyle is paffed without occafioning the fmalleft: 
degree of pain. The accumulation of matter in the la¬ 
chrymal fac, which, previous to the operation, is often 
copious, ulually abates foon after the operation has been 
performed ; and, in about a week or ten days, the treat¬ 

ment of the cafe becomes fo eafy, that the patient him- 
felf, or fome friend or fervant who is conftantly with 

him, is fully competent to do the whole that is necef- 
faiy. It confifts folely in withdrawing the ftyle two or 
three times in the week, occafionally injeding fome 
warm water, and then replacing the inftrument in the 
fame way in which it was done before. 

“ I1 *s not cafy to ascertain the exad length of time 
that the ftyle fhould be continued in the dud. Some 

have worn it many years, and, not finding any inconve¬ 

nience from the inftrument, are ftill afraid and unwilling 
to part from it. Others, on the contrary, have difufed 
it at the end of about a month or fix weeks, and have not 
had the fmalleft return of the obftrudion afterwards.” 

The author relates fo many fuccefsful cafes of thi^ 
operation, that we thought it our duty to record hu 

method in this oupplementary volume of our general 

repofitory of arts and fciences; for a fuccefsful pradice, 
as well in furgery as in phyfic, muft reft on the bafis of 
experience. 

Oblique or Second FLANK, or Flank of ths 

Curtain, is that part of the curtain from whence the 
face of the opposite baftion can be feen, being contain¬ 

ed between the lines rafant and fichant, or the greater 

4 O and 
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and lefs lines of defence ; or the part of the curtain be¬ 
tween the flank and the point where the liehaut line of 

defence terminates. 
Covered, Low, or Retired Flank, is the platform of 

the cafemate, which lies hid in the baftion, and is other- 

wife, called the orillon. 
Fichant Flank, is that from whence a cannon play¬ 

ing, fires diredlly on the face of the oppofite baftion. 
Rafani or Razant Flank, is .the point from whence 

the line of defence begins, from the conjunction of which 
with the curtain the fhot only rafeth the face of the 

next baftion, which happens when the face cannot be 

difeovered but from the flank alone. 
FLIE or Fly, that part of the mariner’s eompafs 

on which the thirty-two points of the wind are drawn, 
and over which the needle is placed, and fattened under¬ 

neath. 
FLOATING Bodies are fuch as fwim on the fur- 

face of a fluid, of which the moll important are Ihips, 
and all kinds of veffels employed in war and in com¬ 
merce. Every feaman knows of how much confequenee 
it is to determine the liability of fuch veffels, and the 
pofitions which they affume when they float freely and 
at reft on the water. To aecomplifh this, it is neceffary 
to ftate the principles on which that liability and thefe 
pofitions depend ; and this has been done with fo much 
ingenuity and Icience by George Atwood, Efq; 
F. R. S. in the Pliilofophical Tranfadtions for the year 
1796, that we arc perfuaded a large clafs of our readers 
will thank us for inferting an abftradl of his memoir in 

this place. 
A floating body is preffed downwards by its own 

weight in a vertical line that paffes through its centre 
of gravity ; and it is fullained by the upward prelfure 
of a fluid, adling in a vertical line that palfes through 
the centre of gravity of the immerfed part ; and unlefs 
thefe two lines be coincident, fo that the two centres 
of gravity may be in the fame vertical line, the folid 
will revolve on an axis, till it gains a pofition in which 
the equilibrium of floating will be permanent. Hence 
it appears, that it is neceffary, in the firft place, to af- 
certain the proportion of the part immerfed to the 
whole ; for which purpofe the lpecific gravity of the 
floating body mutt be known ; and then it mutt be de¬ 
termined, by geometrical or analytical methods, in what 
pofitions the folid can be placed on the furface of the 
fluid, fo that the two centres of gravity already men¬ 
tioned may be in the fame vertical line when a given 
part of the folid is immerfed under the furfaee of the 
fluid. When thefe preliminaries are fettled, fomething 
ftill remains to be done. Pofitions may be aflumed in 

which the circumftances juft recited concur, and yet 
the folid will affume fome other pofition in which it 
will permanently float. If a cylinder, e. g. having its 
fpeeific gravity to that of the fluid on which it floats 
as 3 to 4, and its axis to the diameter of the bafe as 2 
to 1, be placed on the fluid with its axis vertical, it 
will fink to a depth equal to a diameter and a half of 
the bafe ; and while its axis is preferved in a vertical 
pofition by external foree, the centres of gravity of 
the whole folid and of the immerfed part will remain in 
the fame vertical line : but when the external force that 
fuftained it is removed, it will decline from its upright 
pofition, and will permanently float with its axis hori¬ 

zontal. If the axis be fuppofed to be half of the dia¬ 

meter of the bafe, and he placed vertically, the folid 
will fink to the depth of three eighths of its diameter; 
and in that pofition it will float permanently. If the 
axis be made to incline to the vertical line, the folid 
will change its pofition until it fettles permanently with 
the axis perpendicular to the horizon. 

Whether, therefore, a folid floats permanently, or 

overfets when placed on the furface of a fluid, fo that 
the eentre of gravity of the folid and that of the part 
immerfed fhall be in the fame vertical line, it is faid to 
be in a pofition of equilibrium ; and of this equilibrium 

there are three fpecies, viz. the equilibrium of (lability, 
in which the folid floats permanently in a given pofi¬ 
tion ; the equilibrium of inftability, in which the folid, 
though the two centres of gravity already mentioned 

are in the fame vertical line, fpontaneoufly overfets, un- 
lefs fupported by external force ; and the equilibrium 
of indifference, or the infenfible equilibrium, in which 
the folid refts on the fluid indifferent to motion, with¬ 

out tendency to right itflelf when inclined, or to incline 
ltfelf farther. 

If a tolid body floats permanently on the furface of 

a flufd, and external force be applied to incline it from 
its pofition, the refiftance oppofed to this inclination is 
termed the liability of floating. Among various float¬ 
ing bodies, fome lofe their quiefeent pofition, and fome 
gain it, after it has been interrupted, with greater fa¬ 
cility and force than others. 

Some fhips at fea (<?. £.) yield to a given impulfe of 
the wind, and fuffer a greater inclination from the per¬ 
pendicular than others. As this refiftance to heeling 
or pitching, duly regulated, has been deemed of impor¬ 
tance in the confirmation of veffels, feveral eminent ma¬ 
thematicians have inveftigated rules for determining 
the liability of fhips from their known dimenfions and 
weight, without reeurring to adlual trial. To this 
clafs we may refer Bouguer, Euler, Fred. Chapman, 
and others ; who have laid down theorems for this pur¬ 
pofe, founded on a fuppofition that the inclinations of 
(hips from their quiefeent pofitions are evanefeent, or, 
in a practical fenfe, very fmall. 

“ But fhips at fea (fays our ingenious author) are 
known to heel through angles of ig°, 20°, or even 
30° ; and therefore a doubt may' arife how far the rules, 
demonftrated 011 the exprefs condition that the angles 
of inclination are of evanefeent magnitude, fhould be 
admitted as pradtiealK applicable in cafes where the 

inclinations are fo great.”—“ If we admit that the 
theory of flatfes can be applied with any eftedt to the 
pradtiee of naval architedlure, it feems to be neceffary 
that the rules, inveftigated for determining the (lability 
of veffels, fhould be extended to thofe cafes in which 
the angles of inclination are of any magnitude likely to 

oecur in the practice of navigation.” 
A folid body placed on the furface of a lighter fluid, 

at the depth correfponding to the relative gravities, 
cannot change its pofition by the combined actions of 
its weight and the preflure of the fluid, except by re¬ 
volving on fome horizontal axis which paffes through 
the centre of gravity : but as many axes may be drawn 
through this point of the floating body in a direction 
parallel to the horizon, and the motion of the folid re- 
fpedls one axis only, this axis mufl be determined by 
the figure of the body and the particular nature of the 
cafe. When this axis of motion, as it is called, is de¬ 

termined* 

Floating* 
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Floating, termined, and the fpecific gravity of the folid is known, 

<< the pofitions of permanent iloating will be obtained, 
hrft bv finding the feveral pofitions of equilibrium 
through which the folid may be conceived to pafs, 
while it revolves round the axis of motion ; and fecond- 
ly, by determining in which of thofe pofitions the e- 
quilibrium is permanent, and in which of them it is 
momentary and unliable ” 

Such as we have now briefly Anted are the general 
principles on which are founded Mr Atwood’s invef- 
tigations for determining the pofitions affumed-by ho¬ 
mogeneous bodies, floating on a fluid furface ; and al- 
fo for determining the liability of fhips and of other 

floating bodies. We cannot farther accompany him 
hi his elucidation of them, in the problems to the folu- 

tion of which they lead, and in the important practi¬ 
cal purpofes of naval architecture to which they are re¬ 
ferred. The whole paper, comprehending no ltfs than 
85 pages, is curious and valuable; it abounds with a - 
nalytical and geometrical difquiihions of the molt ela¬ 
borate kind ; and it fei ves to enlarge our acquaintance 
with a fnbjeft that is not only highly interelling to tlie 

fpeculative mathematician, but extremely ufeful in its 
practical application. 

With this latter view, the author feems to have di¬ 
rected his attention to the various objefts of inquiry 
which this article comprehends. They are fuch as in¬ 

timately relate to the theory of naval architecture, fo 
far as it depends on the pure laws, of mechanics, and 
they contribute to extend and improve this theory. 
The union of thofe principles that are deduced from 
the laws of motion, with the knowledge which is de¬ 
rived from obfervation and experience, cannot fail to 
eitablilh the art of con ftr lifting veffcls on its true bafis, 
and gradually to lead to farther improvements of the 
greatell importance and utility. To this purpofe, the 
author obferves, that 

“ If the proportions and dimenfions adopted in the 
con AruCtion of individual veffels are obtained by exaft 

geometrical menfurations, and calculations .founded on 
them, and obfervations are made on the performance of 

thefe veffels at fea ; experiments of this kind, fufficient- 
ly diverfified and extended, feem to be the proper 
grounds on which theory may be effectually applied in 
developing and reducing to fyAem thofe intricate, fub- 
til, and hitherto unperceived caufes, which contribute 
to impart the greateA degree of excellence to veffels of 
every fpecies and defeription. Since naval architecture" 
is reckoned amongit the practical branches of fcience, 
every voyage may be confidered as an experiment, or 
rather as a feries of experiments, from which ufeful 
truths are to be inferred towards perfecting the art of 
conArufting veffels ; but inferences of this kind, con- 
fiAently with the preceding remark, cannot well be ob¬ 
tained, except by acquiring a perfeCt knowledge of all 
the proportions and dimenfions of each part of the 
/hip ; and fecondly, by making and recording fufficient- 
ly numerous obfervations on the qualities of the veffel, 
in all the varieties of fituation to which a fhip is ufual- 
ly liable in the praCtice of navigation.” 

In the valuable mifcellany entitled the Philofophlcal 
Magazine, there is a paper on this fubjeft by Mr John 

George Engli/h, teacher of mathematics and mechani¬ 
cal phiiofophy ; which,,as it is not long, and is eafily 

underAood, we /hall take the liberty to tranferibe. 
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“ However operofe and difficult the calculations ne- Floating, 

ceflary to determine the /lability of nautical veffels may, w 
in fume cafes, be, yet they all depend, fays this author, 
upon the four following fimple and obvious theorems, 

accompanied with other well-known fiereometrical and 
ftatical principles. 

ii theorem 1. Every Aoating body difplaces a quan¬ 
tity of the fluid in which it floats, equal to its own 

weight : and confequently, the fpecific gravity of 
the fluid will be to that of the floating body, as the 

magnitude of the whole is to that of the part immer* 
fed. 

“ Theorem 2. Every floating body is impelled down¬ 
ward by its own effential power, acting in the direction 
of a vertical line pafiing through the centre of gravity 
of the whole ; and is impelled upward'by the re action 
of the fluid which fupports it, afting in the direction 
of a vertical line pafllrig through the centre of gravity . 

of the part immerfed : therefore, unlefs thefe two lines 
are coincident, the floating body thus impelled muA 

revolve round an axis, either in motion or at reA, until 
the equilibrium* is reAored. 

u Theorem 3. If by any power whatever a veffel be 
deAefted from an upright pofition, the perpendicular 
diAance between two vertical lines paffing through the 
centres of gravity of the whole, and of the part immer-1 

fed refpeftively, will be as the Aability of the veffel, 
and which will be pofitive, nothing, or negative, accor¬ 
ding as the metacentre is above, coincident with, or 
below, the centre of gravity of the veffel. 

a ^^eorem.4* The common centre of gravity of any 
fyAem of bodies being given in pofition, if any one of 
thefe bodies be moved from one part of the fyAem to 
another, the correfponding motion of the common 

centie of gravity, eAimated in any given direction, will 
be to that of the aforefaid body, eAimated in the fame 
direction, as the weight of the body moved is to that 
of the w’hole fyAem. 

From whence it is evident, that in order to afeer- 
tain the Aability of any veffel, the pofition of the 
centres of gravity of the whole, and of the part im- 

merfed, mull be determined ; with which, and the di¬ 
menfions of the veffel, the line of floatation, and angle 
of defleftion, the Aability or power either to right it- 
felf or overturn, may be found. 

In Aups ot war and merchandife, the calculations 
neceffary for this purpofe become unavoidably very o- 
perofe and troublefome ; but they may be much facin'-' 
tated by the experimental method pointed out in the 

New Tranfaftions of the Swedifh Academy of Scien¬ 
ces, fir/t quarter of the year 1787, page 48. 

.** nvci* aili^ canal boats, tfie regularity and fim- 
pheity of the form of the veffel itfelf, together with the 

compadt difpofition and homogeneal quality of the 
burden, render that method for them unneceffary, and* 

make the requifite calculations become^ very eaiy. Vef¬ 
fels of this kind are generally of the fame tranfverfe 

feftion throughout their whole length, except a fmall 
part in prow and Aern, formed by fegments of circles 
or other fimple curves ; therefore a length may eafily 
be afligned fuch, that any of the tranfverfe feftions be¬ 
ing multiplied thereby, the produft will be equal to 
the whole folidity of the veffel. The form of the 

feftion ABCD is for the moA part either reftan- 
gular, as in fig, x. trapezoidal as in fig. 2. or mix- Plate 

4O2 h tilineal xxvm* 
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tilineal as In fig. 3. in all which MM reprefents the line 
of floatation when upright, and EF that when inclined 
at any angle MXE ; alfo G reprefents the centre of gra¬ 
vity of the whole veffel, and 11 that of the part im- 
merfed. , 

“ If the veffel be loaded quite up to the line AB, 
and the fpecific gravity of the boat and burden be the 
fame, then the point G is (imply the centre of gravity 
of the feetion ABCD ; but if not, the centres of gra¬ 
vity of the boat and burden mult be found feparately, 
and reduced to one by the common method, namely, by 
dividing the fum of the momenta by the fum of weights, 
or areas, which in this cafe are as the weights. The 
point R is ahvays the centre of gravity of the fc&ion 
MMCD, which, if coniiiling of different figures, mu(t 
alfo be found by dividing the fum of the momenta by 
the fum of the weights as common. Thefe two points 
being found, the next thing neceflary is to determine 
the area of the two equal triangles MXE, MXE, then- 
centres of gravity 0, 0, and the perpendicular projected 
diftance n n of thefe points on the water line EF. This 
being done, through R, and parallel to El, draw R1 
~ a fourth proportional to the whole area MMCD, 
either triangle MXE or MXE, and the diftance n n ; 
through T, and at right angles to RT or EF, draw 
TS meeting the vertical axis of the veflel in S the me¬ 
tacentre ; alfo through the points G, B, and parallel to 
ST, draw NGW and BV ; moreover through S, and 
parallel to EF, draw WSV, meeting the two former in 
V and W ; then SW is as the liability of the veffel, 
which will be pofitive, nothing, or negative, according 
as the point S is above, coincident with, or below, the 
point G. If now we fuppofe W to reprefent the weight 
of the whole veffel and burden (which will be equal to 
the fe£lion MMCD multiplied by the length of the 
veffel), and P to reprefent the required weight applied 
at the gunwale B to fullain the veffel at the given 
angle of inclination ; we (hall always have this propor¬ 
tion : as VS : SW : : W : P ; which proportion is ge¬ 
neral, whether SW be pofitive or negative; it mull 
only, in the latter cafe, be fuppofed to a£l upward to 
prevent an overturn. 

“ In the re&angular veffel, of given weight and di- 
menfions, the whole procefs is fo evident, that any far¬ 
ther explanation would be unneceffary. In the trape¬ 
zoidal veffel, after having found the points G and R, 
kt AD, BC be produced until they meet in K. Then, 
fmee the two fe£lions MMCD, EFDC are equal, the 
two triangles MMK, EFK are alfo equal ; and there¬ 

fore the re&angle EK X KF zz KM XKM = KMF; 
and fince the angle of inclination is fuppofed to be 
known, the angles at E and F are given. Confequent- 
ly, if a mean proportional be found between the fines of 
the angles at E and F, we fhall have the following pro¬ 
portions : 

44 As the mean proportional thus found : fine A E : : 
KM : KF, and as the faid mean proportional: fine 
AF : : KM : KE; therefore ME, MF become known : 
from whence the area of either triangle MXE or MXF, 
the diftance n n, and all the other requiiites, may be 
found. 

“ In the mixtilineal fe&ion, let AB zz 9 feet zz roS 
inches, the whole depth zz 6 feet zz 72 inches, and 
the altitude of MM the line of floatation 4 feet or 48 
inches,, alfo let the two curvelinear parts be circular 

quadrants of two feet, or 24 inches radios each. Then Floating, 
the area of the two quadrants zz 904*7808 fquare '*■”v**—« 
inches, and the diftance of tlieir centres of gravity from 
the bottom — 13*^177 inches very nearly; alfo the 
area of the included re&angle able zz 1440 fquare 
inches, and the altitude of its centre of gravity 12 
inches ; in like manner, the area of the rcftangle AB 
c d will be found = 5184 fquare inches, and the alti¬ 
tude of its centre of gravity 48 inches: therefore we 
fhall have 

Momentum of? - 0 
the two quad. £ = JWfSoS 

Moment, of the? 
redtan able 5 I44° 
Moment, of the f Q 
redtan. ABcJ £ ^ 51 4 

X 13*8177 = 12501*93966016 

X n = 17180* 

X 48 “*48832* 

75287808 278613*98966016 

44 Now the fum of the momenta, divided by the fuin 
2786 1 2*98966016 

of the areas, will give-7^^"7808-* = 3'7’oc6 

inches, the altitude of G, the centre of gravity of the 
fe&ion ABCD above the bottom. In like manner, 
the altitude of R, the centre of gravity of the fe&ion 

. 12 2002 *Q 8 066016 
MMCD, will be found to be equal -4936*7808- 

zz 24*934 inches; and confequently their difference, or 
the value of GR = 12*072 inches, will be found. 

Suppofe the veffel to heel 15°, and we fhall have the 
following proportion ; namely, As radius : tangent of 
15 : : MX zz 54 inches ; 14.469 inches zz ME or 
MF ; and confequently the area of either triangle MXE 
or MXF zz 390*663 fquare inches. Therefore, by 
theorem 4th, as 4936*7808 : 390*663 : : 72 zz 11 n zz. 
\ AB : 5*6975 inches zz RT ; and, again, as radius : 
fine of 150 : : 12.072 zz GR : 3*1245 inches = RN \ 
confequently RT—RN zz 5*6975—3*1245 =1 2*573 
inches zz SW, the liability required. 

44 Moreover, as the fine of 150 ; radius :: 5*6975 zz 
RT : 22*013 zz RS, to which, if we add 24*934, the 
altitude of the point R, we fhall have 46*947 for the 
height of the metacentre, which taken from 72, the 
whole altitude, there remains 25*053 ; from which, and 
the half width rr 54 inches, the diftance BS is found 
zz 59*529 inches very nearly, and the angle SBV zz 
8o°—06'—42" 5 from whence SV zz 58*645 inches. 

Again : Let us fuppofe the mean length of the veG- 
fel to be 40 feet, or 480 inches, and we fhall have the 
weight of the whole veffel equal to the area of the fec- 
tion MMCD zz 4936.7808 multiplied by 480 zz 
2369654*784 cubic inches of water, which weighs ex- 
aAly 85708 pounds avoirdupois, allowing the cubic 
foot to weigh 62.5 pounds. 

44 And, finally, as SV : SW (i. e.) as 58*645 : 2*573 
: : 85708, ; 3760 +, the weight on the gunwale which 
will fuftain the veffel at the given inclination. There¬ 
fore a veffel of the above dimenfions, and weighing 38 
tons, 5 cwts. 28 lbs. will require a weight of i ton, 
13 cwts. 64 lbs. to make her incline 15^. 

44 In this example, the defle6ling power has been fup¬ 
pofed to a£l perpendicularly on the gunwale at B ; but 
if the veffel is navigated by fails, the centre velique 
muft be found ; with which, and the angle of deflec¬ 
tion, the projected diftance thereof on the line SV may 
be obtained ; and then the power, calculated as above 

neceffary 
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Fluent neceffary to be applied at the projected point, will be 

H that part of the wind’s force which caufes the veflel to 
^Fordyce. ^ heel. And converfely, if the weight and dimenfions 

of the veflel, the area and altitude of the fails, the di¬ 
rection and velocity of the wind be given, the angle of 
ddleCtion may be found.” 

FLUENT, or Flowing Quantity, in the doc¬ 
trine of fluxions, is the variable quantity which is con- 
fidered as increafmg and decreafing ; or the fluent of 
a given fluxion, is that quantity whofe fluxion being 
taken, according to the rules of that doCtrine, fhall be 

the fame with the given fluxion. See Fluxions, En- 
cycl 

FLUIDS (Motion in). See Hydrostatics and 

Resistance of Fluids, Encycl. and Motion in this 

Supplement. 

FOGEDAR, the military governor of a fubordinate 

diftriCt in India, who has fometimes the additional of¬ 
fice of cclle&ing the revenues. 

FOLIATE, a name given by fome to a curve of 
the 2d order, expreffed by the equation xz-\-y* ~axy9 
being one fpecies of defe&ive hyperbolas, with one a- 
fymptote, and confiding of two infinite legs eroding 
each other, forming a fort of leaf. It is the 42d fpe¬ 
cies of Newton’s Lines of the 3d Order. 

FORCER, in mechanics, is properly a pifton with¬ 
out a valve. For, by drawing up fuch a pifton, the 

air is drawn up, and the water follows ; then pufhing 
the pifton down again, the water, being prevented from 
defeending by the lower valve, is forced up to any 
height above, by means of a fide branch between the 
two. 

FORDYCE (James, D. D.), fo well known to feri- 
ous readers by his fermons to young women, and other 
fpecimens of pulpit eloquence, was born at Aberdeen 
in the year 1720. His father was a man much e- 
fleemed, and held, more than once, the office of chief 
magiftrate in his native city ; and his mother was a wo¬ 
man of good fenfe, amiable temper, and exemplary pie¬ 
ty. This refpedlable pair had the Angular felicity of 
tranfmitting fuperior talents to almoft every individual 
of a numerous family ; of one of which, viz. David For- 

dyce, the reader will find fome account in the Encyclo¬ 
pedia. 

The fubjedf of this memoir, who was their fourth 
fon, acquired, as well as his brother, the rudiments of 
claffical learning at the grammer fcliool of Aberdeen, 
whence he was removed to the Marifchal college and u- 
niverfity in the fame city. Having completed a regu¬ 
lar courfe of ftudy both in philofophy and theology7, 
he was licenfed, when very young, according to the 
forms of the church of Scotland, to be a preacher of 
the gofpel ; and was foon afterwards preferred to the 
place of fecond minifter in the collegiate church of 
Brechin in the county of Angus. After remaining 

^ there for fome years, he received a prefentation to the 
church of Alloa near Stirling ; and though the inhabi¬ 
tants of that parifh were prepofleffed in favour of ano¬ 
ther minifter whom they knew*, and prejudiced againffc 
Mr Fordyce whom they did not know ; fo narrow' 
minded and totally deftitute of tafte was his colleague 
in Brechin, that he judged it expedient to hazard the 
confequences of a removal. He was aware that he 
entered on his new charge under a confiderable degree 

®f popular odium j but he thought it more probable 

that he fhould be able to overcome that odium, than Fordyce* 

conciliate the affe£lions of a four fanatic. In this ex- 
pe&ation he was not deceived. The prejudices of the 
good people in Alloa were very quickly removed, not 
more by the able and impreflive manner in which he 

conduced the public fervices of the Lord’s day, than 
by the amiable and condefcending fpirit with which he 

performed the more private duties of vifiting and ca- 
techiflng in the different diftri&s of his pariffi ; duties 
which, as they were wont to be performed by the 
Scotch clergy, contributed much more than preaching 

to the religious inftrudlion of the lower claffes of the 
people. 

It was during his refidencc at Alloa that Mr Fordyce 
firfl diftinguifhed himfelf as an author by the fucceffive 
publication of the three following fermons. The firft, 
upon the eloquence of the pulpit, was annexed to “ the 
Art of Preaching” by his brother David ; the fecond, 

upon the methods of promoting edification by pul lie 
inftitutions, was preached at the ordination of the Rev. 
Mr Gib fon minifter of St Ninian’s, a neighbouring 
parifh, in the year 1754, and publifhed, with the 

charge and notes, in 1755 » anc^ the third, upon the de- 
lufive and perfecuting fpirit of popery, was preached 
the fame year before the fynod of Stirling and Perth; 
and being publifhed, came very quickly to a fecond e- 
dition. But the fermon which moft ftrongly arrefted 
the attention, both of the audience before which it was 
delivered, and of the public to which* in 1760, it was 
given from the prefs, was tlrat on the folly, infamy, and 
mifery of unlawful pleafure, preached before the Gene¬ 
ral Affembly of the Church of Scotland. The choice of 
fuch a fubjedf, on fuch an occafion, eXcited the furprife 
of all his hearers, and tempted the younger part of 

them to fmile at the very reading of the text ; but this- 
unfeafonable mirth was foon converted into ferioufnefs. 
The pidlure exhibited in this fermon is the work of a 
mafter and we have been affured by a friend who 
heard it preached, that the fpirit and elegance of the 
compofition was fo feconded by the folemnity and ani¬ 
mation with which it was delivered, that it made a very 
ftriking impreffion, not only upon the more refpe&able 
part of the audience, but upon minds of noted levi¬ 

ty : It raifed indeed its writer’s fame as a pulpit ora¬ 
tor to an unrivalled eminence among his brethren in 
Scotland. 

About this time, and we believe in confequence of 
this fermon, Mr Fordyce received from the uiiiverfity 
of Glafgow a diploma, creating him Do&or in Divi¬ 
nity ; and if there is yet any thing honourable in aca¬ 
demical degrees, proftituted as they have long been by 
an undiftinguifhing diftribution, the honour could not 
have been conferred with greater propriety on any man 
in the church to which he then belonged. 

In that church he did not long remain. Soon after 
the publication of this lingular fermon, and his confe- 
quent acquifltion of academical honours, he accepted of 
an invitation from a fociety of Proteftant diffenters, 

who had their place of meeting in Monkwell-llreet, 
London, to become colleague and fucceffor to their 
pallor, who was then old and infirm, and who died, in¬ 

deed, in the ipace of a few months. This gave occa- 
lion to the Do&or to difplay his oratory once more 
both from the pulpit and the prefs in a fermon on the 

death cf Dr Lawrence. He was now foie pallor ter 

the 
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Fordyce. the congregation of Monkwelbfireet; ant! preached for 

^ many years with great powers of eloquence and fervour 
of piety, to an audience always crowded and often over¬ 
flowing. 

When a preacher obtains, vyth or without merit, 
an uncommon fhare of popularity, a conflderable pro¬ 
portion of his hearers will ever conflft of thofe, who 

are guided in their choice rather by curiofity and fa- 
fhion, than by found judgment. The attachments of 

fiich people are as capricious and variable as their 
ininds ; and they change their preacher as they change 
their drefs, not from their own tafte, for in general 

they have none ; but from the defire of being where 
others are, of doing what others do, and of admiring 

what others admire. Dr Fordyce appreciated juftly 
the value of fuch mens approbation, and knew it even¬ 

tually by experience ; but he was more than compen- 
fated for the lofs of hearers of this defcription by the 
Heady adherence of others, wliofe efteem was moll de¬ 
finable, becaufe it was grounded upon the didates of a 
found nnderilanding. 

At lafl, about Chriftmas 1782, when his health, 
which had long been declining, rendered it neceflary, in 

his own opinion, and in the opinion of his phyficians, to 
difcontinue his public fervices, he reflgned his charge 
in Monk well-ftreet, and retired to a villa in Hampfhire, 
in the neighbourhood of the Earl of Bute, who ho¬ 
noured him with liis friendlhip, and to whofe valuable 
library he had free accels. Afterwards he removed to 
Bath, where having, with Chriftian patience, fuffered 

much from an allhmatic complaint, to which he had 
been fubjed for fome years, on the ill of October 
1796 he expired without a groan. ^ 

Were we to hazard an opinion of Dr Fordyee’s in- 

telledual powers from fuch a perufal of his works as 
we mud acknowledge to have been hallv, we would fay 
that he was a man of genius rather than of judgment; 
that his imagination was the predominant faculty of 
his mind ; and that he was better fitted, by an addrefs 
to the paflions, to enforce the pradice of virtue, than, 
by the exertions of his own underllanding, to vindicate 
fpeculative truth, or to dcted the fophillry of error. 
From this remark, we cannot be fufpeded of a wilh to 
lefTen his charader in the public elleem ; for his talents, 
as they appear to us, are furely of more value to a 
preacher than thofe which are perhaps better adapted 

to literary or fcientific purfuits. In none of his works 
indeed do we perceive any evidence either of profound 
fcience, or of various erudition ; though we doubt not 
but thofe works are every thing which their author in¬ 

tended them to be. Of liis fermons to young women, 
which have attracted moll general notice, it would be 
prefumptuous in us to give a charader; for though we 
fat down many years ago to read them, we could not 
get through ; and we have never made a fecond at¬ 
tempt. As far as we can depend upon what we recoi¬ 
led of thefe far-famed difconrfes, the cenfure palled on 
them by Mrs Wolfioncraft feems to be jnil. Their au¬ 
thor, however, was certainly qualified to excel, and ac¬ 
tually did excel as a preacher. We have already men- 
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tinned with approbation three or four of his occsfionnj FVdyf.% 
fermons ; but perhaps the finelt fpecimen of pulpit ora- 

tory which ever fell from his pen, is the charge which 
he delivered at the ordination of his fucceflbr in the 

meeting of Monkwell-llreet. It is indeed one of the 
moll valuable difcourfes of the kindlhat we have feen, 
and fhould be read with attention by every clergyman 
of every denomination, who willies to difcharge his 
duty with credit to himfelf and with advantage to his 
people. 

The efled of Dr Fordyce’s addreffes from the pul¬ 
pit was much heightened, not only by an adinn and 
an elocution, which he fludied with care and pradifed 
with fuccefs ; but by the figure of his perfon, which was 
peculiarly dignified, and by the exprelnon of his coun¬ 
tenance, which was animated at all times, but animated 
moll of all when lighted up by the ardour of liis foul in 

the fervice of God. By fome of his hearers, it was ob- 
ferved that, on many occafions, he feemed not merely 
to fpeak, but to look convfdion to the heart. His eye, 
indeed, was particularly bright and penetrating, and he 

had carefully attended to the effed which an orator 
may often produce upon an audience by the judicious 
ufe of that little, but invaluable organ. 

With refped to his theological fentiments, we are 
aflured {A^they were in no extreme, but liberal, ratio¬ 
nal, and manly. He feems to have been untainted by 
that rage of innovation, which of late has fo completely 
disfigured the creed, as well religious as political, bf 
the great body of Fnglilh diffenters. The confequence 
was, that he lived on terms of friendfhip with men of 
very oppofite fentiments ; with Price a republican and 
Arian, and with Johnfon, who, though he hated a 

whig and a Prelbyterian, refpeded talents and worth 
wherever he found them. 

We lhall conclude this fhort Iketch of Dr FordyceV ' 
life and charader with the following lilt of his works, 
of which fome have been tranflated into feveral lan¬ 
guages. 1. A Sermon and Charge, at the ordination 
of the Rev. Mr Gibfon Minifler of St Ninian’s, 1754. 
2. Another Ordination Sermon on the Eloquence of, > 
the Pulpit, annexed to his brother’s “ Art of Preach- >, 
ing,” 1754. 3. A Sermon on the Spirit of Popery, 
1754. 4. A Sermon on the Folly, Infamy, and Mi- 
fery of Unlawful Pleafure, 1760. 5. A Sermon on • 

the Death of Dr Lawrence, 1760. 6. Sermons to 
Young Women, 2 vols. 1765. 7. A Sermon on the 

Charader and Condud of the Female Sex, 1776. 8. 
Addreffes to Young Men, 2 vols. 1777. 9. A Charge 
at the Ordination of the Rev. James Lindfay, in 
Monkwell-llreet, 1783. 10. Addreffes to the Deity, 

1785. it. Poems, 1786. 12. A Difcouife 011 Pain, 
1791. He alfo re-publilhed, with an additional charac¬ 
ter, “ The Temple of Virtue, a Dream,” written by 
his brother David. 

FORMULA, a theorem or general rule or expref- 
lion, for refolving certain particular cafes of lome pro¬ 

blem, &c. So + i d is a general formula for the 
greater of two quantities whole fum is s and difference 

d; and is— id is the formula, or general value, for 
the - ' 

(a) By his fucceffor in Monkwell-llreet, to whofe fermon, preached on occafion of the Dodor’s death, 
readers are indebted for every thing valuable in this fhort memoir. 
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the lefs quantity. Alfo V dx — x1 is the formula, or 
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general value of the ordinate to a circle, wliofe diame- 
ter is d, and abfeifs #. 

FORSTER (John Reiuhold, LL. D.) profeffor of 
natural hiftory in the univerfity of Halle, member of 
the academy of fciences at Berlin, and of other learned 
focieties, was born at Dirfchau, in Weft Pruffia, in the 

mouth of October 1729, and was formerly a Protef- 
tant clergyman at Dantzick. He had a numerous fa¬ 

mily, and the emoluments of his office were /lender. 
He therefore quitted Dantzick, and went, firft to Ruf- 
fia, and thence to England, in queft of a better fettle- 

ment than his own country afforded. In the diflent- 
ing academy at Warrington he was appointed tutor 

m the modern languages, with the occasional office of 
leduring in various branches of natural hiftory. For 
the firft depai tment he was by no means well qualified j 

his extraordinary knowledge of languages, ancient and 
modern, being unaccompanied by a particle of taiie ; 
and his ufe of them being all barbarous, though fluent. 
As a natural hiftorian, a critic, geographer, and anti, 

quary, he ranked much higher ; 'but unfortunately 
thefe were acquisitions of little value in his academical 
department. 

At length he obtained the appointment of naturalift 
and ph; lof op her (if the word m&y be fo ufed) to the fe- 
cond voyage of difeovery undertaken by Capt. Cook ; 

an<f from 1772 to 1775 he accompanied that immortal 
navigator round the world. On his return he refided 
in London till the improper condu£ of himfelf and 
his fon made it expedient for them both to leave the 

kingdom. Fortunately he received an invitation to 
Halle, where, for j8 years, he was a member of the 
philosophical and medical faculties. Among his works 
are : An Introduction to Mineralogy, or, An accu¬ 
rate Claffification of Foffils and Minerals, &c. London, 
1768, 8vo. A Catalogue of the Animals of North 
America, with ftiort Direaions for colleding, prefer- 
ving, and tranfpoitmg all kinds of Natural Curiofities, 
London, 1771, 8vo. Obfervations made during a 
Voyage round the World, on Phyfical Geography, 

&c. London, 1778. He was the author of a great 
many productions in Englifh, Latin, or German, and 

of feveral papers in the Philofophical Tranfa&ions. 
He trariflated into Englifh, Bougainville’s Voyage 
round the World, and Kalm’s, Boffu’s, and Reidfel’s 
Travels. He was Employed likewife, when in Eng¬ 
land, in the Critical Review; and he wrote various 

detached papers on different fubjeCts, which have been 
mferted in foreign journals and the tranfa&ions of 
learned academies. 

He died at Halle on the 16th of December 1708, 
in the 70th year of his age. 

FORSTER (George), the fon of the preceding, was 
born at Dantzick, and accompanied his father to Eng¬ 
land when he was about twelve years of age. He was en¬ 
tered a /Indent in the academy at Warrington, and foon 
acquired a very perfed ufe of the Engliffi tongue. He 

alfo diftmgiiifiied himfelf greatly by his attainments in 
icience and literature in general; adding to an excellent 
memory, quick parts and a fertile imagination. His 

temper was mild and amiable; in which he much differed 
irom his father, one of the moft quarrelfome and irri¬ 
table of men ; by which difpofition, joined to a total 

want of prudence in common concerns, he. loft aim oft all 

the friends his talents had acquired him, and involved 
himfelf and family in perpetual difficulties. 

The cafe was very different with the fubjeCf of this 
memoir ; for when Dr Forfter was appointed naturalift 

to Captain Cook, his fon, through the iatereft of the 
friends whom lna good nature had made, was affociated 
with hint in his office. The voyage, continued during 
the fpace of three years ; and on their return the two 

For/ters published jointly a botanical work in Latin, 
containing the chara£Iers of a number of new genera of 

plants, difeovered by them in their circumnavigation. 
Thus far they a&ed properly in the fervice of govern¬ 

ment fur the advancement of fcience ; but in publi/h- 
ing another work their condud was not proper. 

The father had come under an engagement not to 
publifh feparately, from the authorifed narrative, any 
account of the voyage ; and this engagement he and 

his fon were determined to violate. An account of 
the voyage, therefore, was publifhed in Englifh and 
German by George; and the language, which is cor- 
red and elegant, was undoubtedly his; but thofe who 

knew both him and his father, are fatisfied that the 
matter proceeded from the joint ftock of their obfer¬ 
vations and refledions. Several parts of the work, and 

particularly the elaborate inveftigations relative to the 
languages fpoken by the natives of the South Sea 
I (lands, and the fpeculations concerning their fuccef- 
five migrations, are thought to be ftrongly impreffed 
with the genius of the elder Forfter. 

Inat a work thus furreptitiou/ly u/hered into the 
world was not patronifed by thofe with whom the au¬ 
thors had fo ungratefully broken faith, could excite no 

wonder, even though the publication itfelf had been o- 

therwde unexceptionable ; but this was far from being 
the cale. It aFounds with refledions injurious to the 
government whofe fervants they had been, and not juft 
to the navigators employed on voyages of difeovery. 
i he younger Forfter, too, had fome time before publifh¬ 

ed a book replete with factious fentiments; and the 
coldnefs with which he and his father were both treated 

in coniequence of fuch conduct, determined them to 
leave London. 

We have already related all that we know of the fa. 
ther, who was recommended to our notice only by 
his connedion with the ilhfftrious Cook ; and of the 
fon, there is a Ihort account in the Monthly Maga- 
fcme, by Charles Pougens, fraught with thofe Impi¬ 

ous and feditious refledions which fo frequently dif- 
grace a mifcellany, which would otherwife be highly 

valuable. According to this author, George Forfter 
was defirous to fettle in France. A varicious of glory, 
and an idolator of liberty, Paris was tbe city moll fuit- 
able to his tafte and character of any in Europe. Not¬ 

withstanding this, he was foon conftrained to leave it : 
the mtereft of his family demanded this facrifice ; for a 
learned man, who fails round the world, may enrich 
his memory, but lie will not better his fortune. He 

was accordingly obliged to accept the place of profef. 

ior of natural hiftory in the univerfity of Call'd. But 
his fadious fpirit accompanied him whitherfoever he 
Went. It is well known, that the petty princes of 
Germany have long been in the pradice of hiring out 

them troops to more opulent fovereigns engaged iu 
war. Plus pradice, which we are not difpofed to de. 

lend, not only fcandahzed our Cofmopolite, but fo ir¬ 

ritated-; 
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Forfter. ntated his temper and offended his pride, becaufe, for* 

footh, the Prince of Heffe-Caffel would not by him be 
perfuaded to relinquifh it, that he did every thing in 
his power, we are told, to withdraw hitnfelf from a fi¬ 
xation fo unfuitable to a thinking being. Every thing 
in his power ! Did the Prince retain him in the lini- 
vcrlity contrary to his inclination ? The univerfity of 
Caffel mult be contemptible indeed, if the prelections 
of fuch a man as George Forfter were of fuch confe- 

quenc.e £0 it. 
He got away, how'ever ; and the fenate of Poland 

having offered him a chair in the univerfity of Wilna, 
For Iter accepted of the invitation. But although this 

office was very lucrative, and the enlightened patriots 
of that country did not negleCt to procure him all the 

literary fuccours of which he flood in need, he could 
not be long happy in a femi-barbaroiis nation, in which 

liberty was fuffeted to expire under the intrigues of Ruf- 

lia and Priifiia. 1 
On this, with wonderful confiftency, the man who 

could not endure the defpotifm of Heffe, or even the 

ariftocracy of England, accepted of the propolitions of 
that friend to liberty Catharine 11. ; who, jealous of 
every fpecies of glory, wifhed to (ignalize her reign, by 
procuring to the Ruffian nation the honour of underta¬ 
king, after the example of England and France, a new 
voyage of difcovery round the world. Unfortunately 
for the progrefs of knowledge, the war with the Otto¬ 
man Porte occafioned the mifearriage of this ufeful pro¬ 

ject. 
But Forfler could not long remain in obfeurity. The 

different publications with which he occafionally enrich¬ 

ed natural hiftory and literature, encreafed his reputa¬ 
tion. The EleCtor of Mentz accordingly appointed 

him prefident of the univerfity of the fame name; and 
lie was difeharging the functions of his new office when 
the French troops took pofTeffion of the capital. This 
philofophical traveller, who had ftudied fociety under 
all the various afpeCts arifing from different degrees of 
civilization ; who had viewed man fimple and happy at 
Otaheite ;—an eater of human flefh in New Zealand, 
corrupted by commerce in England, depraved in France 
by luxury and atheifm, in Brabant by fuperftition, and 

111 Poland by anarchy beheld with wild enthufiafm 
the dawnings of the French revolution, and was the 
fuff, fays M. Pougens, to promulgate republicanifm in 

Germany. 
The Mayencois, who had formed themfelves into a 

national convention, fent him to Paris, in order to fo- 
licit their reunion with the French republic. But, in 
the courfe of his million, the city of Mentz was be- 

fieged and retaken by the Pruffian troops. This event 
occafioned the lofs of all his property ; and what was 
ffill more difaftrous, that of his numerous manuferipts, 
which fell into the hands of the Prince of Pruffia. 

Our biographer, after conducting his hero through 
thefe feenes of public life, proceeds to give us a view 
of his domeftic habits and private principles. He tells 
us, that he formed a connection (whether a marriage or 
not, the ftudied ambiguity of his language leaves rather 
uncertain) with a young woman named Fherefa Hayne, 
who, by the illumination of French philofophy, had di- 
vefted herfelf of all the prejudices which, we truft, the 
ladies of this country ffill confider as their honour, as 

they are certainly the guardians of domeftic peace. Forffe* 

Mifs Hayne was indignant at the very name of duly. M 
With Eloifa the had taken it into her head that . *_ 

Love, free as air, at fight of human ties, 

Spreads his light wings, and in a moment dies. 

She was frank enough, however, fays our author, to 
acknowledge the errors of her imagination ; and from 
this expreffion, and his calling her afterwards Forfler’a 
wife, we are led to fuppofe that fhe was aCtually mar¬ 
ried to him. But their union, of whatever kind, was 
of fhort duration. Though the lady is faid to have 
been paffionately attached to celebrated names, the name 
of George Forfter was not fufficient to fatisfy her^ He 
foon ceafed, we are informed, to pleafe her ; fhe there¬ 
fore transferred her affeCtions to another ; and, as was 

very natural for a woman who was indignant at the 
name of duty, fhe proved falfe to her htifhand’s bed. 

Forffcr, however, pretended to be fuch a friend to the 
modern rights of men and women, that lie defended the 
character of ln*3 Therefa againfl crowds who condemn¬ 
ed her conduCt. Nay, we are told, that he confidered 
himfelf, and every other hufband who ceafes to pleafe, 
as the adulterer of nature. He therefore laboured ftre- 
nuoufly to obtain a divorce, to enable Thereja Hayne 
to efpoufe the man whom fhe preferred to himfelf. 
Strange, however, to tell, the prejudices even of this 
Cofmopolite were too ftrong for his principles. While 
he was endeavouring to procure the divorce, lie made 
preparations at the fame time, by the ftudy of the ori¬ 

ental languages, to undertake a journey to Thibet and 
Indoftan, in order to remove from that part of the 
world, in which both his heart and his perfon had ex¬ 
perienced fo fevere a fhock. But the chagrin occafion¬ 

ed by his misfortunes, joined to a fcorbutic affeCtion, to 
which he had been long fubjeCl, and which he had con¬ 
tracted at fea during the voyage of circumnavigation, 

abridged his life, and prevented him frem residing this 
double projeCt. He died at Paris, at the age of 39, 
on the 13th of February 1792. 

This is a ffrange tale; but we truft it will not prove 
ufelefs. The latter part of it at leaft fhows, that when 
men diveft themfelves of the principles of religion, they 
foon degenerate from the dignity of philofophers to the 
level of mere fenfualifts; and that the woman who can, 
in defiance of decorum and honour, transfer her affec¬ 
tions and her perfon from man to man, ranks no higher 

in the fcale of being than a female brute of more than 
common fagacity. It thews likewife, that the contempt 
of our modern fages for thofe partial attachments which 
unite individuals in one family, is a mere pretence; that 
the dictates of nature will be heard ; and the laws of 
nature’s God obeyed. George Forfter, though he was 
fuch a zealous advocate for liberty and equality, as to 
vindicate the adultery of his wife ; yet felt fo fenfibly 
the wound which her infidelity inflicted on his honour, 
that he could not furvive it, but perifhed, in confequence, 
in the flower of his age. 

Royal FORT, is one whofe line of defence is at 
leaft 26 fathoms long. 

Star Fort, is a fconce or redoubt, conftituted by re¬ 
entering and faliant angles, having commonly from five 

to eight points, and the fides flanking each other. 

FOSSIL-Meal, other wife called lac lune, mineral 
arganc, 



F O U [ , 
r arganc, and guhr, is, according to M. Fabbroni, a mix- 

ed eartb, which exhales an argillaceous odour, and 
throws out a light whitifh fmoke when fprinkled with 
water. It is abundant in Tufcany, where it is em¬ 

ployed for cleaning plate. If does not efFervefce with 
acids; is infufible in the fire, in which it lofes an eighth 

part of its weight, though it becomes fcarcely dirniiiifh- 
ed in bulk ; and, according to the analyiis made by M. 

Fabbroni, confifts of the following component parts: 
Siliceous earth 55, magnefia 15, water 14, argil 12, 
lime 3, iron 1. With this earth, which is found near 

Cafteldelpiano in the territories of Sienna, M. Fabbro- 

m compofed bricks, which, either baked or unbaked, 
floated in water.^ Hence he infers, that the floating 

bricks, which Pliny mentions as peculiar to Maflilua 
and Calento, two cities in Spain, mud have been made 

of foffil meal. Brieks made of that fubftance refill wa- 
ter exceedingly well, and unite perfe&ly with lime ; 
they are fubjedt to no alteration either by heat or cold; 
and about a twentieth part of argil may be added with 

advantage to their compofition, without depriving them 
of the property of floating. M. Fabbroni tried their 
refiftance, and found it very little inferior to that of 

common bricks ; but it is much greater in proportion 
to their lightnefs. One of thefe bricks, feven inches 
in length, four and a half in breadth, and one inch 

eight lines in thicknefs, weighed only 14^th ounces; 

whereas a common brick weighed 5 pounds olths oun¬ 
ces. 

Bricks of fofiil-meal may be of important benefit in 
the conftrudion of reverberating furnaces ; as they are 
fueh bad condu£ors of heat, that a perfon may bring 
one half of them to a red heat, while the other is held 

in the hand. They may be employed alfo for buildings 
that require to be light; for conftrudling cooking places 

on board fhips ; and alfo floating batteries, the parapets 
of which, if made of thefe bricks, would be proof againil 
red hot bullets; and, laftly, for conitrudling powder 
magazines. 

FOULAHS, or Foolahs, a people in Africa, in¬ 
habiting a country on the confines of the great defert 

(fee Sahara in this Suppl.), along the parallel of nine 
degrees north. They partake much of the negro form 
and complexion ; but have neither the jetty colour, 
thick lips, nor crifped hair of the' negroes. They have 

alfo a language diftindf from the Mandinga, which is 
the prevailing one in this quarter. The Foulahs occu¬ 

py, at leaft as fovereigns, feveral provinces or kingdoms, 

interfperied throughout the tradl comprehended he- 
tweed the mountainous border of the country of Sierra 

Teona on the weft, and that of Tombudloo on theeaftj 
as alfo a large tra& on the lower part of the Senegal 
river; and thefe provinces are infulated from each other 

in a very remarkable manner. Their religion is Maho- 
-medanffm ; hut with a great mixture ofPaganifm, and 
with lefs intolerance than is pra&ifed by the Moors. 

The principal of the Foulah ftates is that within Si¬ 
erra Teona; and of which Teemboo is the capital. The 
next in order appears to be that bordering on the fouth 

of the Senegal river, and on the Jaloffs ; this is pro¬ 
perly named Siratik. Others of lefs note are Bondon, 
with Foota-Torra adjacent to it, lying between the ri¬ 

vers Gambia and Faleme; Foola-doo and Brooko along 
the upper part of the Senegal river; WafTela beyond 
the upper part of the Niger; and Maflina lower down 

Buppl. Vol. I. Fart II. 
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on the fame river, and joining to Tombudtoo on the 
weft. 

The kingdom of the Foulahs, frtuated between the 
upper part of the Gambia river and the coafl of Sierra 
Leona, and along the Rio Grande, is governed by a 

Mahometan foveroign ; but the bulk of the people ap¬ 
pear to be Pagans. From the circumitances of their 
long hair, their lips, and comparatively light colour. 

Major Rennel is decidedly of opinion, that the Fon- 
lah’s are the Leucsthiops of Ptolemy and Pliny. The 

former, as he obferves, places the Leucanhiops in the 
fituation occupied by the Foulahs j and by the name 

which he gave them, he evidently meant to deferibe a 

people left black than the generality of the Ethiopians. 
Hence i£ may be gathered that this nation had been 
traded with, and that fome notices refpe&ing ;t had 

been communicated to Ptolemy. It may alfo be re¬ 

marked, that the navigation of Hanno terminated on 
this coaft ; and as this was alfo the term of Ptolemy’s 

knowledge, it may juftly befufpe&ed that this pirpof 
the coaft was deferibed from Carthaginian materials. 

Thole who have perufed the Journal of MeflVs Watt 
and Winterbottom through the Foulah country in 1794, 
and recoiled how flattering a pidure they give of the 

urbanity and hofpitality of the Fonlah’s, will be grati¬ 
fied on finding that this nation wa§ known and diftin- 

guiftied from the reft of the Ethiopians at a remote pe- 
riod of antiquity: ^ 

The contrail between the Moorifii and Negro cha- 
raders is as great as that between the nature of their 

refpedive countries, or between their form and com¬ 
plexion. The Moors appear to poflefs the vices of the 

Arabs without their virtues ; and to avail the:.Lives of 
an intolerant religion, to opprefs ilrangers: whilft the 
Negroes, and efpecially the Mandingas, unable to coin- 

prebend a dodrine that fubftitutes opinion or belief for 
the focial duties, are content to remain in their humble 
ftate of ignorance. The hofpitality Ihewn by theft- 

good people to Mr Park, a deftitute and forlorn ftran- 
ger, raifes them very high in the fcale of humanity : 
and I know of no fitter title, fays Mr Rennel, to con¬ 

fer on them than that of the Hindoos of Africa; at the 
fame time, by no means intending to degrade the Ma- 

homedans of India by a companion with the African 

Moors.—See Major Rennets Geographical Illujlratiom of 
Mr Park’s Journey, and of North Africa at large, print- 
ed for the African AfFociation. 

FRANCAIS (Port des), the name given by Pe- 
roufe to a bay, or rather harbour, which he undoubted¬ 
ly difeovered on the north-weft coaft of America. It 
is fituated, according to him, in 58° 37' N. Tat. and 

in *39° 5?' W. Long, from Paris. When the two fri¬ 
gates vvhich he commanded approached it, as they were 
ftretehmg along the coaft from fouth to north, he per¬ 
ceived from his fliip a great reef of rocks, behind which 

the fea was very calm. This reef appeared to be about 
three or four hundred toffes in length from eaft to weft 

and to be terminated, at about two cables length, by 
the point of the continent, leaving a pretty large open¬ 

ing; fo that Nature feemed to have made, at the extre¬ 
mity of America, a harbour like that of Toulon, only 
more vaft in her defigns and in her means: this'new 
harbour was three or four leagues deep. 

Some, officers, who had been difpatehed in boats to 
reconnoitre this harbour, gave a report of it extremely 

* 4 I* favourable, 
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Francais. favourable; and on the 3d of July 1786, the two fri- advantage of the morning tide; finally, the eafterly Franca!*, 

—v-' gates entered it, and anchored near its mouth in three winds, which are contrary, appeared to him to be more 
fathoms and a half, rocky bottom. The bay, however, frequent than thofe from the weft, and the vaft height 
was quickly founded, and much better anchoring ground of the furrounding mountains never permits the land 

difeovered at an ifland in the middle of it, where the breezes, or thofe from the north, to penetrate into the 

{hips might ride in 20 fathoms water with muddy bot¬ 
tom. This ground was taken poffeffion of, an obfer- 

vatory ere&ed on the ifiand, which was only a mufket 

{hot from the ffiips, and a fettlement formed for their 
flay in the harbour. From a report made by one of 
the officers who had penetrated towards the bottom of 
the bay, Peronfe had conceived the idea of finding per¬ 
haps a channel by which he might proceed into the in¬ 

terior of America ; but he was difappointed. The 
bottom of the bay, indeed, according to him, is one of 
the mod extraordinary places in the world. It is a 

bafon of water, of a depth in the middle that could not 
be fathomed, bordered hv peaked mountains of an ex- 
ceffive height, covered with fnow, without a blade of 
grafs upon this immenfe colle&ion of rocks, condemned 
by Nature to perpetual fterility. “ I never (fays lie) 
faw a breath of air rufHe the furface of this water; it is 
never troubled but by the fall of enormous pieces of ice, 
which continually detach themfelves from five different 
glaciers, and which in falling make a noife that refounds 

far in the mountains. The air is in this place fo very 
calm, and the filence fo profound, that the mere voice 

of a man may be heard half a league off, as well as the 
noife of fome fea birds which lay their eggs in the ca¬ 

vities of thefe rocks.” 
It was at the extremity of this bay that he was in 

hopes of finding a paffage into the interior of America. 
He imagined that it might terminate in a great river, 
of which the courfe might lie between two mountains ; 
and that this river might take its fource in the great 

lakes to the northward of Canada. Two channels 
were indeed found, ftretehing, the one to the eaft, and 

the other to the weft; but both were very foon termi¬ 

nated by immenfe glaciers. 
In Port des Fran$ais the variation of the compafs 

is 28° eaft, and the dip of the needle 740. The fea 
rifes there feven feet and a half at full and change of 
the moon, when it is high water at one o’clock. The 
fea breezes, or perhaps other caufes, a£l fo powerfully 
upon the current of the channel, that M. Peroufe faw 

the flood come in there like the moft rapid river ; while, 

in other circumftances, at the fame period of the moon, 
it may be ftemmed by a boat. In this channel he loft 

two fhallops and twenty men. In his different excur- 
fions, he found the high water mark to be about 15 feet 

above the furface of the fea. Thefe tides are probably 
incident to the bad feafon. When the winds blow 
with violence from the fouthward, the channel muft be 
impradicable, and at all times the currents render the 
entrance difficult ; the going out of it alfo requires a 

combination of circumftances, which may retard the de¬ 
parture of a veffel many weeks; there is no getting un¬ 
der way but at the top of high water ; the breeze from 
the weft to the north-weft does not often life till to¬ 
ward eleven o’clock, which does not permit the taking 

road. 
As this port poffeffes great advantages, M. Peroufe 

thought it a duty incumbent on him to make its in¬ 

conveniences alio known. It feemed to him that this 
anchorage is not convenient for thofe (hips which are 

fent out at a venture for trafficking in (kins ; fuch ffiips 
ought to anchor in a great many bays, and always 

make the ftiorteft (lay poifible in any of them ; becaufe 
the Indians have always difpofed of their whole flock 
in the firft week, and all loft time is prejudicial to the 

interefts of the owners : but a nation which fhould form 
the projeA of eftablifiling factories fimilar to thofe of 

the Englifti in Iludfon’s Bay, could not make choice 
of a place more proper for fuch a fettlement. A Ample 

battery of four heavy cannon, placed upon the point of 
the continent, would be fully adequate to the defence 
of fo narrow an entrance, which is alfo made fo difficult 

by the currents. This battery could not be turned or 
taken by land, becaufe the fea always breaks with fuclv 
violence upon the coaft, that to difembark is impoffible. 
The fort, the magazines, and all the fettlements for 

commerce, ffiould be railed upon Cenotaph Ifland (a), 

the circumference of which is nearly a league : it is ca¬ 

pable of being cultivated, and there is plenty of wood 
and water. The ffiips not having their cargo to feek, 

but being certain of having it colle&ed to a Angle point, 
would not be expofed to any delay: fome buoys, placed 

for the internal navigation of the bay, would make it ex¬ 
tremely fafe and eafy. The fettlement would form pilots, 
who, better verfed than we arc in the fet and ftrength 

of the current at particular times of tide, would enfure 
the entrance and departure of the fiiips. Finally, conti¬ 

nues the author, our traffic for otters Ikins has been fa 
very confiderable, that I may fairly prefume there could 

not, in any part of America, be a greater quantity oF 

them colle&ed. 
The climate of this coaft feemed to Peroufe much 

milder than that of Hudfon’s Bay in the fame latitude. 
Pines were meafured of fix feet diameter, and 140 high ; 

while thofe of the fame fpecies at Prince of Wales’s 
Fort and Fort York, are of a dimenfion fcarce fufficient 

for ftudding fail-booms. Vegetation is alfo very vigo¬ 

rous during three or four months of the year; and our 
author thinks, that Ruffian corn, as well as many com¬ 
mon plants, might thrive exceedingly at Port des Fran¬ 

cis, where was found great abundance of celery, lu¬ 
pine, the wild pea, yarrow, and andive. Among thefe 

pot herbs were feen almoft all thofe of the meadows 
and mountains of France ; fuch as the angelica, the 
butter cup, the violet, and many fpecies of grafs pro¬ 
per for fodder. The woods abound in goofeberries,. 
rafpherries, and ftrawberries; clutters of elder trees, the 
dwarf willow, different. fpecies of briar which grow in 

the fhade, the gum poplar tree, the poplar, the fallow, 

the horn-beam ; and, finally, fuperb pines, fit for the 
malls 

(a) This name was given to the ifland, in.the bay 
unfortunate companions. 

from the monument ere&ed on it to the memory of their 
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FfWMfo. niaftfl of our largeft fliips. Not any of the vegetable 

produ&ions of this country are unknown in Europe. 
M. de Martin ie re, in his different excurfions, met with 
only three plants which he thought new ; and it is 

well known, that a botanift might do the fame in the 
vicinity of Paris. 

The rivers were filled with trout and falmon ; and 
as the Indians fold thefe fifh to the French in greater 

quantities than they could coufume, they had very little 
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continually agitated by fear or revenge; prone to an¬ 
ger, and eafily irritated, they are continually attacking 
each other dagger in hand. Expofed in the winter to 

perifli for want, becaufe the chafe cannot be fuccefsful, 
they live during the fummer in the greateft abundance, 
as they can catch in lefs than an hour a fufficient quan¬ 

tity of fifh for the fupport of their family; they re¬ 
main idle during the red of the day, which they pafs 

at play, to which they are as much addicted as fome of 

Franca!« 

i ^ -J —-- ‘HIU J IUUV. Ml yla-J , W lilt 

li filing in the bay, and that only with the line. They the inhabitants in our great cities. This gaming is 

caught lome ling, a fmgle thornback, fome plaice,/e- the great fource of their quarrels. If to all thefe de- 

tans or faitans, of which fome were more than too ftruftive vices they (hould unfortunately add a know- 
pounds in weight (b), and a fiih refembling the ivlii- ledge of the ufe of any inebriating liquor, M. Peroufe 
ting, but a little larger, which abounds on the coaft of does not hefitate to pronounce, that this colony would 
J rovence, where it is known by the name otpoor priejl. be entirely annihilated.” 
Peroufe calls thefe fifh capelans. In the woods they 

met with bears, martens, and fquirrels; but they faw 
no great variety of birds, though the individuals were 
very numerous 

Like all other favages, they are incorrigible thieves; 
and when they affumed a mild and placid appearance, 

the Frenchmen were fare that they had ftokn fome- 
thing. Iron, of which they appeared to know the ufe, ' . ‘-“‘"fc* ^ w hich Uicy appeared to Know me ule, 

il the animal and vegetable produftions of this and of courfe the value, moft excited their cupidity ; 
country lefemble thofe of a great many others, its ap- and when our navigators were engaged in carefling a 

pea ranee (fays our author) can be compared to no- child, the father was fure to feize the opportunity of 
thing 1 he views which it prefents are more frightful taking up, and concealing under his fkin-garment, every 
than thofe of the Alps and the Pyrenees; but at the thing of that metal which lay within his reach, and was 
fame time fo pi&urefque, that they would deferve the 
vifits of the curious, were they not at the extremity of 

the world. The primitive mountains of granite or 
fchiftus, perpetually covered with fnow, upon which 
are neither trees nor plants, have their foundation in 
the fea, and form upon the fhore a kind of quay ; their 
Hope is fo rapid, that after the firft two or three hun¬ 

dred toifes, the wild goats cannot climb them; and all 

not too heavy to be carried off. 

M. Rollin, furgeon major of one of the frigates, thus 
describes thefe people. “ They have vefy little fimi- 
larity to the Californians ; they are taller, ftouter, of 
a more agreeable figure, and greater vivacity of expref- 
fion: they are alfo much their fuperiors in courage and 
fenfe. They have rather a low forehead, but more 

open than that of the Southern Americans; their eyes are . 1 11- r • 1 r 0 ; ., -— man umi Ui tuc ouuLiicru Americans; tneir eyes are 
the gullies which feparate them are immenfe glaciers, black and very animated ; their eyebrows much fuller • 
of which the tops cannot be difeerned. while the their nnfe „r.^i r.„.j r_1 ’ of which the tops cannot be difeerned, while the bafe 
is wafhed by the fea. At a cable’s length from the 
land there is no bottom at lefs than 160 fathoms. The 
Tides of the harbour are formed by fecondary moun¬ 
tains, the elevation of which does not exceed from 800 

to 900 toifes ; they are covered with pines, and over- 

their nofe of the ufual fize, and well formed, except, 
being a little widened at the extremity ; their lips thin¬ 
ner; their mouth moderately large; their teeth fine 
and very even ; their chin and ears very regular. 

“ The women alfo have an equal advantage over 
thofe of the preceding tribes ; they have much more r j • 1 1 7 , , . K V9 " L11C picccuiug irioes; uiey nave much me 

ipread with verdure, and the fnow is only feen on their mildnefs in their features and grace in their limbs — 
iummits : they appeared to be entirely formed of fchif- Their countenance would be even very agreeable if 
tus. which is in the rommenrement nf a fl-atp *■ „ re ..1_ . 1 ' r ° ** r, 9 ’ tus, which is in the commencement of a ftate of decom- 
pofition ; they are extremely difficult to climb, but not 
altogether inacceffible. 

“ Nature affigns inhabitants to fo frightful a country, 
who as widely differ from the people of civilized, coun¬ 
tries as the feene which has juft been deferibed differs 
from our cultivated plains ; as rude and barbarous as 

in order to fet it off, they did not make ufe of a ftrano-c 

cuftom of wearing in the lower lip an elliptical piece of 

wood, lightly grooved on its circumference and both 
its ftdes, and which is commonly half an inch thick, 
two in diameter, and three in length. 

“ This lingular ornament, befides being a great defor¬ 
mity, is the caufe of a very troublefome as well as dif- 

their foil is rocky and barren, they inhabit this land gulling involuntary flow of faliva. This appendage is 
only to deftroy its population : at war with all the ani- peculiar to the women ; and female children are made 

mals, they defptfe the vegetable fubftances that grow to undergo the preparatory operations from the time of 
around them. I have feen (fays our author) women their birth. For this purpofe, the lower lip is pierced 
and children eat fome rafpbemes and ftrawberries ; but with a kind of pin of copper or gold, which is either 
tne e are undoubtedly viands far too infipid for men, left in the opening, or its place fupplied with a ring- of 

who live upon the earth like vultures in the air, or the fame material, till the period of puberty. The aner- 

t!^er8 in/he fo[efts* , , . f . ture 13 .then gradu% enlarged, by fubftituting firft a 
. fl.r ar.ts aiie fomewhat advanced, and in this re. fmall piece of wood of the form mentioned above then 

fpe& civilization has made confiderable progrefs ; but a larger one ; and fo on, increafing its fize by decrees 
that which foftens their ferocity, and polifties their till it reaches the dimenfions juft ftated. h 

manners, is yet m its infancy The mode of life they “ This extraordinary cuftom ffiews the great power 

purfue excluding all kind of fubordination, they are of dilatation in the lip, and may encourage medical prac- 

4 P 2 titioners 

, (?) *s a ^at longer and not fo fquare as the turbet. Its back is covered with fmall feales • and 
thofe which are taken in Europe are much lefs than the fletans of Port des Francis * 
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Francais titioners in their attempts to remedy deformities of this 

p • part by the life of the knife. 
Friction^ 4< general colour of thefe people is olive, a fain¬ 

ter tinge of which is apparent in their nails, which they 
fuffer to grow very long ; the hue of the fkin, however, 
varies in different individuals, and in various parts of 

the fame individual, according to their expofure to the 

adlion of the air and fun. 
“ Their hair is, in general, neither fo coarfe nor black 

as that of the South Americans. Chefnut coloured hair 
is by no means unfrequent among them. Their beard 
is alfo fuller, and their armpits and parts of fex better 

provided with hair. 
“ The perfedl evennefs of their teeth led me at firft 

to fufpedt that it was the efFedl of art ; but after an 
attentive and minute examination, I could perceive no 

wearing away of the enamel, and 1 faw that this regu¬ 
larity is natural. They tattoo and paint their face and 
body, and bore their ears and the cartilage of their nofe. 

'“;Some writers have imagined, that the cuitom of 
painting the faee and body, fo generally adopted by 
the Africans, Americans, and Well Indians, is only in¬ 
tended as a prefervative againll noxious infedls. I 
thinks however, that I am warranted in aiferting its foie 

end to be ornament. I found it to prevail among the 
inhabitants of E after Ifland and the natives of Port des 
Frangais, without obferving among them either veno¬ 
mous infedls or reptiles. Befides, I remarked that they 
wore paint only when they paid us a vifit ; for they 
made no ufe of it when in their own houfes.” 

M. Percufe himfelf fpeaks not fo favourably of the 
women as M. Rolliri. “ They are (he fays) the in off 
difgufling of any on the earth, covered with (linking 
ikins, which are frequently untanned ; and yet they 
failed not to excite defires in fame perfons, in fadl of 
no fmall confequence : they at fir ft darted many diffi¬ 
culties, giving affurances by their geflures that they 
ran the rifk of their lives ; but being overcome by pre- 

fents, they had no objedlion to the fun being a witnefs, 

and abfolutely refufed to retire into the wood.” There 
can be no doubt that this planet is the god of thefe 
people, Once they frequently addreffed themfelves to it 

' in their prayers ; but our voyagers faw neither temple 
nor prieft, nor the leafl trace of public worfhip at dated 

times. They burn their dead. 
FRE'GATES Fican$aise Bajfe de, the name given 

by La Peroufe to a dangerous reef of funken rocks 

which he difeovered in the Pacific ocean. On the 
north-weft extremity of this reef they perceived an iflet 

or fplit rock from 20 to 25 fathoms in height and about 
*50 toifes in diameter. From this iflet the reef extends 
more than four leagues to the fouth-eafl; and upon the 
extremity of the point in that direction, the frigates 
had almoft flruck before the breakers were obferved. 

This was during a fine clear night and fmooth fea. 
With great propriety, the Commodore returned in the 
morning to afeertain the geographical fituation of this 

unknown rock > and he eflimated the iflet to be in 230 
45' N. Lat. and 168° \d W. Long, from Paris. 

FRICTION, in mechanics, is a fubjedl of great im¬ 
portance both to the pradlical engineer and to the fpe- 
culative philofopher. It is therefore our duty to cor- 
re6l, in this Supplement, the miftakes into which we 
fell when treating of that fubjedl in the Encyclopedia. 

What we have there taught of fridlion (fee Mecha.- 
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nics, SecL II. § 8.) is taken from Fergufon ; but it Fri&i . 

has been (hewn by Mr Vince, that the experiments from K 
which his conclufions were drawn were not properly 
inflituted. That eminent mathematician and philofo¬ 
pher therefore entered upon the invefligation of the 

fubjedl anew, and endeavoured, by a fet of experiments, 
to determine the following queflibns : 

1. Whether fridlion be a uniformly retarding force ? 

2. The quantity of fridlion \ 
3. Whether the fridlion varies in proportion to the 

preffure or weight ? 
4. Whether the fridlion be the fame on whichever 

of its furfaces a body moves ? 
1. With refpedl to the firfl of thefe queflions, the 

author truly obferves, that if fridlion be a uniform force, 

the difference between it and the given force of the 
moving power employed to overcome it mtifl alfo be 

uniform ; and that therefore the moving power, if it 

be a body defeending by its own weight, mud defeend 
with a uniformly accelerated velocity, juft as when 
there was no fridlion. The fpaces deferibed from the 
beginning of the motion will indeed be diminifhed in 
any given time on account of the fridlion ; but flill 

they mull be to each other as the fquares of the times 
employed. See Dynamics in this Supplement. 

2. A plane was therefore adjufled parallel to the ho¬ 
rizon, at the extremity of which was placed a pulley, 
which could be elevated or depreffed, in order to render 
the firing which connedled the body and the moving 
force parallel to the plane. A fcale accurately divided 

was placed by the fide of the pulley perpendicular to 
the horizon, by the fide of which the moving force de- 
feended ; upon the fcale was placed a moveable flage, 
which could be adjufled to the fpace through which 
the moving force defeended in any given time ; which 
time was meafured by a well-regulated pendulum clock 

vibrating feconds. Every thing being thus prepared, 
the following experiments were made to afeertain the 

law of fridlion. 1 
3. Exp. 1. A body was placed upon the horizontal 

plane, and a moving force applied, which, from repeat¬ 
ed trials, was found to defeend 52^ inches in 4" ; for 
by the beat of the clock, and the found of the moving 
force when it arrived at the flage, the fpace could be 

very accurately adjufled to the time : The flage was 
then removed to that point to which the moving force 

would defeend in 3", upon fuppofition that the fpaces 

deferibed by the moving power were as the fquares of 
the times ; and the fpace was found to agree very ac¬ 
curately with the time : the flage was then removed 
to that point to which the moving force ought to de¬ 
feend in 2", upon the fame fuppofition, and the defeent 

was found to agree exadlly with the time : laftly, the 
flage was adjufled to that point to which the moving 

force ought to defeend in jlf, upon the fame fuppofi- 
tlon, and the fpace was obferved to agree with the 
time. Now, in order to find whether a difference in 
the time of defeent could be obferved by removing the 
flage a little above and below the pofitions which cor- 
refponded to the above times, the experiment was tried,, 
and the defeent was always found too foon in the for- 

mer, and too late in the latter cafe ; by which the au¬ 
thor was affured, that the fpaces firfl mentioned corre- 

fponded exadlly to the times. And, for the greater 

certainty, each defeent was repeated eight or ten times; 
and 
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Erirtkm. and et’fcry caution ufed in this experiment was alfo made periment 

ufe of in all the following. 

Exp. 2. A fecond body was laid upon the horizontal * = 4 > 
plane, and a moving force applied which defcended 4i| 

inches in 3"; the fiage was then adjufted to the fpace cor- 

refponding to 2", upon fuppolition that the fpaces de- 
fcended through were as the fquares of the times, and it 
was found to agree accurately with the time; the ftage 
was then adjufted to the fpace correfponding to 1", 

upon the fame fuppofition, and it was found to agree 
with the time. 

Exp, 3. A third body wasHaid upon the horizontal 
plane, and a moving force applied, which defcended 59^ 
inches in 4" ; the ftage was then adjufted to the fpace cor¬ 

refponding to 3", upon fuppofition that the fpaces de¬ 
fcended through were as the fquares of the times, and it 
was found to agree with the time ; the ftage was then 
adjufted to the fpace correfponding to 2", upon the 

fame fuppofition, and it was found to agree with the 
time; the ftage was then adjufted to the fpace corre- 
iponding to 1", and was found to agree with the time. 

Exp, 4. A fourth body was then taken and laid upon 
the horizontal plane, and a moving force applied, which 

defcended 55 inches in 4'/; the ftage was then adjufted 
to the fpace through which it ought to defcend in 3", 

upon fuppofition that the fpaces defcended through 
were as the fquares of the times, and it was found to 
agree with the time ; the ftage was then adjufted to 
the fpace correfponding to 2", upon the fame fuppofi¬ 
tion, and was found to agree with the time; laftly, the 
ftage was adjufted to the fpace correfponding to 1", and 
it was found to agree exactly with the .time. 

Beftdes thefe experiments, a great number of others 
were made with hard bodies, or thofe whofe parts fo 
firmly cohered as not to be moved inter fe by the fric¬ 
tion ; and, in each experiment, bodies of very different 
degrees of fri&ion were chofen, and the refults all 
agreed with thofe related above; we may therefore con¬ 
clude, that the friction of hard bodies in motion is a uni- 

formly retarding force. 

But to determine whether the fame was true for bo¬ 
dies when covered with cloth, woollen, &e. experiments 
were made in order to afeertain it ; when it was found, 

in all cafes, that the retarding force increased with the 
velocity ; but, upon covering bodies with paper, the 

confequences were found to agree with thofe related 
above. 

4; Having proved that the retarding force of all ha^d 
bodies ariiing from fridiion is uniform, the quantity of 

friction, confidered as equivalent to a weight without 
inertia drawing the body on the horizontal plane back¬ 
wards, or a6ling contrary to the moving force, may be 

immediately deduced from the foregoing experiments. 
I'or let M ~ the moving force exprelfed by its weight; 
F zz: the fri&ion ; W zz: the weight of the body upon 

the horizontal plane ; 8 zz the fpace through which 
the moving force defcended in the time / exprefled in 
feconds ; r zz: 16A feet; then the whole accelerative 

force (the force of gravity being unity) will be ; 

F 
, where M zz 7 

hence 

R I 
w z= 2Sb S zr 4T7r feet, FriYhoik 

F... ' 3*i*4rV , 
F - 7 ~ TcgxTe = 6-4I7 > con 

hence, by the laws of uniformly accelerated motions. 

M 
X r t1 — S, confequently F = M— -.X\Yilg 

XVI -p W r f2 

To exemplify this,, let us take the cafe of the laft ex- 

fequently the fri&ion was to the weight of the rubbing 
body as 6.4167 to 25.75. And the great accuracy of 

determining the fridion by this method is manifeft from 
hence, that if an error of one inch had been made in the 

defeent (and experiments carefully made may always 
determine the fpace to a much greater exadnefs), it 

would not have affeded the concTufion <^dth part of 
the whole. 

5*4 come, in the next place, to determine whether 
fridion, cateris paribus, varies in proportion to the 
weight or preffure. Now if the whole quantity of the 

fridion of a body, meafured by^a weight without iner¬ 

tia equivalent to the fridion drawing the body back¬ 

wards, increafes in proportion to its weight, it is mani¬ 
fest that the retardation of the velocity of the body 

ariftng from the fridion will not be altered ; for the re- 

, . . Quantity of fridion 
tardation varies as ^------- hence if * 

Quantity of matter’ nence> 11 a 
body be put in motion upon the horizontal plane by‘ 
any moving force, if both the weight of the body and 

the moving force be increafed in the fame ratio, the ac¬ 
celeration arifing from that moving force will remain 

the fame, becauie the accelerative force varies as the 
moving force divided by the whole quantity of matter, 
and both are increafed in the fame ratio ; and if the 

quantity of fridion increafes alfo as the weight, then 
the retardation arifing from the fridion will, from what' 

has been faid, remain the fame, and therefore the whole 
acceleration of the body will not be altered ; confe- 

quently the body ought, upon this fuppofition, {till to 
defenbe the fame fpace in the fame time. Hence, by 
obferving the fpaces deferibed in the fame time, when 

both the body and the moving force are increafed in 
the fame ratio, we may determine whether the fridion 
increafes in proportion to the weight. The following- 

experiments were therefore made in order to afeertain 
this matter: 

Exp. 1. A body weighing iooz. by a moving force of 
402. deferibed in 2" a fpace of 51 inches; by loading the 

body with 10 oz. and the moving force with 4 oz. it 
deferibed 56 inches in 2" ; and by loading the body 
again with 10 oz. arid the moving force with 4 oz. it 
deferibed 63 inches in 2". 

Exp. 2. A body, whofe weight was 16 oz. by a mo¬ 
ving force of 5 oz. deferibed a fpace of 49 inches in- 

3" > and by loading the body with 64 oz. and the mo¬ 
ving force with 20 oz. the fpace deferibed in the fame 
time was 64 inches. 

Exp. 3. A body weighing 6 oz. by a moving force pf 
2| oz. deferibed 28 inches in 2''; and by loading the 
body with 24 oz. and the moving force with 10 oz. the 
fpace deferibed in the fame time was 54 inches. 

Exp, 4. A body weighing 8 oz. by a moving force of 
4 oz. deferibed 33*. inches in 2"; and by loading the 
body with 8 oz.. and the moving force with 4 oz^ the. 
fpace deferibed in the fame time was 47 inches. 

Exp 5 A body whofe weight was 9 oz. by a moving 

force of 4r oz. deferibed 48 inches in 2"; and by loading 
the body with 9 oz.. and the moving force with 4-1. 0Ze' 
the fpace deferibed in tne fame time was 60 inches. 

Exp. 6. A body weighing 10 oz. by a moving force o€. 

3 02V 
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defcribed 20 inches in %n \ by loading the body the two ends, 
jo oz. and the moving force with 3 oz. the fpace 

defcribed in the fame time was 3 1 inches ; and by load¬ 

ing the body again with 30 oz. and the moving force 

with 9 oz. the lpace defcribed was 34 inches in 27. 
From thefe experiments, and many others which it 

is not neceffary here to relate, it appears, that the fpace 
defcribed is always increafed by increafing the weight 

of the body and the accelerative force in the fame ra¬ 
tio ; and as the acceleration arifmg from the moving 

force continued the fame, it is manifeft, that the retar¬ 
dation arifirig from the fri&ion muft have been diminilh- 

ed, for the whole accelerative force mull have been in¬ 

creafed on account of the increafe of the fpace defcribed 
in the fame time ; and hence (as the retardation from 

. Quantity of fri&ion\ 
friftion varies a. f ) the quantity of 

friflion increafes in a lefs ratio than the quantity of matter 
or weight of the body. 

6. We come now to the laft thing which it was pro- 
pofed to determine, that is, whether the fri&ion varies 
by varying the furface on which the body moves. Let 

us call two of the furfaccs A and a, the former being 

the greater, and the latter the lefs. Now the weight 
on every given part of a is as much greater than the 

weight on an equal part of A, as A is greater than a ; 
if therefore the fri&ion was in proportion to the weight, 

-cateris paribus, it is manifeft, that the fridtion on a 
would be equal to the fridtion on A, the whole friCtion 
being, upon fuch a fuppofition, as the weight on any 
given part of each furface multiplied into the number 
of fuch parts or into the whole area, which produdls, 
from the proportion above, are equal. But from the 

laft experiments it has been proved, that the fridtion 
on any given furface increafes in a lefs ratio than the 
weight ; confequently the fridtion on any given part of 
a has a lefs ratio to the fridtion on an equal part of A 

than A has to a, and hence the fridtion 011 a is lefs 

than the fridtion on A, that is, the fmalleft furface has 
always the lead fridtion. 

As this conclufion is contrary to the generally re¬ 
ceived opinion, Mr Vince thought it proper to confirm 
It by a fet of experiments made with different bodies of 
exadtly the fame degree of roughnefs on their two fur- 
faces. 

Exp. 1. A body was taken whofe flat furface was to 
its edge as 22 : 9, and with the fame moving force the 

body defcribed on its flat fide 33^ inches in 2", and on 
its edge 47 inches in the fame time. 

Exp. 2. A fecond body was taken whofe flat furface 
was to its edge as 32:3, and with the fame moving 
force it defcribed on its flat fide 32 inches in 2", and 
on its edge it defcribed 37^ inches in the fame time. 

Exp. 3. He took another body and covered one of 

its furfaces, whofe length was 9 inches, with a fine 
rough paper, and by applying a moving force, it de¬ 
fcribed 25 inches in 2" ; he then took off fome paper 
from the middle, leaving only ^-ths of an inch at the 

two. ends, and with the lame moving force it defcribed 
40 inches in the fame time. 

Exp. 4. Another body was taken which had one of 
its furfaces, whofe length was 9 inches, covered with a 
iine rough paper, and by applying a moving force it 

defcribed 42 inches in 2" ; fome of the paper was then 

taken off from the middle, leaving only i-|. inches at 

: F R I 
and with the fame moving force it de* Frisian, 

feribed 54 inches in 2" ; he then took off more paper,'-J 
leaving only | of an inch at the two ends, and the body 

then defcribed* by the fame moving force, 60 inches in 
the fame time. 

In the two laft experiments the paper which was ta¬ 

ken off the'furface was laid on the body, that its weight 
might not be altered. 

Exp. 5. A body was taken whofe flat furface was to 
its edge as 30 : 17 ; the fat fide was laid upon the ho¬ 

rizontal plane, a moving force was applied, and the 
ftage was fixed in order to ftop the moving force, in 

confequence of which the body would then go on with 
the velocity acquired jntil the fridtion had deftroyed 
all its motion ; when it appeared from a mean of 12 

trials that the body moved, after its acceleration ceafed, 

St inches before it Hopped. The edge was then ap¬ 
plied, and the moving force defeended through the 

lame fpace ; and it was found, from a mean of the fame 

number of trials, that the fpace defcribed was 7 j inches 

before the body loft all its motion, after it ceafed to be 
accelerated. 

Exp. 6. Another body was then taken whofe flat 
furface was to its edge as 60 : 19, and by proceeding 

as before, an the flat furface it defcribed, at a mean of 

12 trials, si inches, and on the edge 644 inches, be¬ 
fore it flopped, after the acceleration ceafed. 

Exp. 7. Another body was taken whofe flat furface 
was to its edge as 26:3, and the fpaces defcribed on 
thefe two furfaces, after the acceleration ended, were, 

at a mean of ten trials, 4^ and 7-^ inches refpedtively. 
From all thefe different experiments it appears, that 

the fmalleft furface had always the leaft fri&ion, which 

agrees with the conlequence deduced from the confde- 
ration that the fridtion does not increafe in fo great a 
ratio as the weight ; we may therefore conclude, that 

the jrid ion of a body does not continue the fame when 

it has different furfaces applied to the plane on which it 

moves, but that the fmalleft furface will have the leaf fric¬ 
tion. 

To the experiments inftituted by Mr Fergufon and 
others, from which coiiclufions have been drawn fo dif¬ 
ferent from thefe, our author makes the following ob¬ 

jections : It was their object to find what moving force 
would juf put a body at reft in motion ; and having, as 
they thought, found it, they thence concluded, that 

the accelerative force was then equal to the fridtion. 

But it is manifeft, as Mr Vince obferves, that any force 
which will put a body in motion muft bt greater than 
the force which oppofes its motion, otherwife it could 
not overcome it ; and hence, if there were no other ob¬ 

jection than this, it is evident, that the fridtion could 

not be very accurately obtained : but there is another 
obje&ion which totally deftroys the experiment fo far 

as it tends to fhew the quantity of fridtion, which i6 
the ftrong cohelion of the body to the plane when it 
lies at reft ; and this is confirmed by the following ex¬ 
periments. 1ft, A body of 12J oz. was laid upon an 
horizontal plane, and then loaded with a weight of 

8 lb. and fuch a moving force was applied as would, 
when the body was juft put in motion, continue that 

motion without any acceleration ; in which cafe the 
friCtion muft be juft equal to the accelerative force. 

The body was then flopped, when it appeared that the 
fame moving force which had kept the body in motion be¬ 

fore. 
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Frifliw, fore, would not put it in motion, and it was found ne- pofe of producing artificial cold. 

Frigorirc. ceffary take 0jf oz. from the body before the 

v~'"'1 fame moving force would put it in motion ; it appears 

therefore, that this body, when laid upon the plane, 
at reft, acquired a very ftrong cohelion to it. idly, 

A body whofe weight was 16 oz. was laid at reft upon 
the horizontal plane, and it was found that a moving 

I 
Some of thefe mix- Frigorifie. 

tures are enumerated under the title Cold (EncycL), ' 

and a much more accurate lift of them is given, toge¬ 

ther with the principle upon which they produce their 

eftedl, in the article Chemistry, n° 282. (SvppL). 

There is oue mixture, however, not mentioned in that 
lift, which was employed by Seguin, and feems, on 

force of 6 oz. would juft put it in motion ; but that a many accounts, to be the molt eligible that has yet 

moving force of 4 oz. would, when it was juft put in been propofed. Confidering the muriats (fee Che- 

motion, continue that motion without any acceleration, Supph) as a clats of falts belt fuited for 
and therefore the accelerative force muft then have been the purpofe, he gave the decided preference to muriat 
equal to the friction, and not when the moving force of of lime in cryftals ; and his method was to mix the 

6 oz. was applied. . cryftals, previoufly pulverifed, with an equal weight of 
From thefe experiments, therefore, it appears how uncomprefted fnow. 

very confiderable the cohefton was in proportion to the By means of this mixture Mr W. H. Pepys junior, 

friction when the body was in motion ; it being, in the of the London Philofophical Society, with the afliftance 
latter cafe, almoft |d, and in the former it was found to of feme friends, froze, on the 8th of February 1799, 
be very nearly equal to the whole fri&ion. All the 

conclufions therefore deduced from the. experiments, 
which have been inftituted to determine the friction 
iiom the force neceffary to put a body in motion, have 
manifeftly been totally falfe ; as fuch experiments only 

flic>v the refiftance which arifes from the cohefton and 
iri&ion conjointly. 

Our author concludes this part of his fubjeft with 
the following remark upon n° 5 : “ It appears from all 
the experiments (fays he) which I have made, that the 
proportion of the increafe of the fridlion to the inereafe 

of the weight was different in all the different bodies 
which were made ufe of; no general rule therefore can 
be eftablifhed to determine this for all bodies, and the 

experiments which I have hitherto made have not been 
fufficient to determine it for the fame body.” 

He then proceeds to eftablifh a theory upon the 

principles which he has deduced from his experiments. 
That theory is comprehended in five propolitions, of 
which the objedl of the firfl is 44 to find the time of 

56 lbs. averdupoife of mercury into a fulid mafs. The 

mercury was put into a ftrong bladder and well fecnred 
at the mouth, the temperature of the laboratory at the 

time being 4- 330. A mixture confiding of muriat of 

lime 2 lb. at -p 33°, and the fame weight of fnow at 

-p 32" gave — 420 (a). The mercury was put as 
gently as poftible into this mixture (to prevent a rup¬ 
ture of the bladder), by means of a cloth held at the 

four corners. When the cold mixture had robbed the 

mercury of fo much of its heat as to have its own tem¬ 

perature thereby railed from—42° to -p 5, another 
mixture, the fame in every refpe£t as the laft, was 

made, which gave, on trial with the thermometer, 

— 43°* The mercury was now received into the cloth, 
and put gently into this new mixture, where it was left 
to be cooled ftill lower than before. 

In the mean time live pounds of rnuriat of lime, 91 a 
large pail made of tinned iron, and japanned inlide and 
out fide, was placed in a cooling mixture in an earthen¬ 
ware pan. The mixture in the pan, which confided of 

■ * i:_ _j r defeent, and the number of revolutions made by a cy- 41b. of muriat of lime and a like quantity of fnow, of 
hnder rolling down an inclined plane in confequence of the fame temperature as the former, in one hour redu- 

its fri&ion. . ced the 5 lb. of muriat in the pail to — 15°. The mix- 
II. 44 To determine the fpace through which a body, time was then emptied out of the earthen pan, and four 

projedled on an horizontal plane with a given velocity, large corks, at proper diftances, placed on its bottom, 
will move before it flops, or before its motion becomes to ferve as refls for the japanned pail which was now 

umform* put into the pan. The corks anfwered the purpofe of 
III. 44 To find the centre of friaion. 

IV. 44 To determine, from the given velocity with 
which a body begins to revolve about the centre of its 
bafe, the number of revolutions which that body will 
make before all its motion be deftroyed. 

V. 44 To find the nature of the curve deferibed by 
any point of a body affeaed by friaion when it de¬ 
fends down any inclined plane.” 

To give, the folutions of thefe problems, with the co¬ 
rollaries deduced from them, would fwell this article to 

inflating the inner veffel, while the exterior one kept 
off the furrounding atmofphere, and preferved the air 
between the two at a low temperature. 

To the 5 lb. of muriat of lime which had been cool¬ 
ed, as already noticed, to — 13°, and which ftill -- _ re¬ 
mained in the metallic veffel, was notv added fnow., un- 

compreffed and free from moifture, at the ufual tem¬ 
perature of 3 2°. In lefs than three minutes the mix¬ 

ture gave a temperature of — 62° : a degree of cold 
which perhaps was never before produced in this coun- 

very little purpofe ; for they would be unintelligible to try, being 94° below the freezing point of water, 

the mere mechanic, ^and the mathematician will either The mercury, which, by immerlion in the fecond 

cooling mixture to which it was expofed, was by this 
time reduced to — 30°, was now, by the means em¬ 

ployed before, cautioufly put into the laft made mixture 

of the temperature of— 62°, A hoop with net-work 

fattened to its upper edge, and of fuch a breadth in the 

___ rim 

folve them for himfelf, or have recourfe to the original 

memoir, where he will find folutions at once elegant and 

perfpicuous. 

FRIGORIFIG Mixtures, are thofe which expe¬ 

rience has taught philofophers to employ for the pur- 

(a) The thermometer made ufe of in this experiment.was filled with tinged alcohol, and accurately divided, 
according to Fahrenheit’s fcale* J 3 
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■Frigwific. ftm that the net-work, when loaded with the bladder 
v—^ mercury, could not reach its lower edge, was at the 

bottom of the mixture, to prevent the bladder from 
coming in contact with the veffel; by which means the 
mercury was fuipended in the middle of the mixture. 

As foon as the bladder was fafely depofited on the net¬ 
work, the veifels were carefully covered over with a 
cloth, to impede the paflage of heat from the furround- 

fng atmofphere into the freezing materials. The con- 
denfation of moifture from the atmofphere by the agen¬ 

cy of fo low a temperature was greater than could have 
been expelled ; it floated like fleam over the veifels, 

*mcl, but for the interpofed covering, would have given 

the mixture more temperature than was defirable. 
After one hour and forty minutes they found, by 

means of a fearcher introduced for the purpofe, that 
the mercury was folid and fixed. The temperature of 

the mixture at this time was — 46, that is, 16° higher 
than when the mercury was put into it. 

Our young philofophers having neglected to fling 

the hoop and net-work in fuch a manner as might 

have enabled them to lift it out of the mixture at once, 
with the bladder and its contents, were obliged to turn 

out the whole contents of the pail into a large evapora¬ 
ting capfule made of iron. This was not efl'efted with¬ 
out the mercury ftriking againfl: its bottom and being 

fra&ured. though it received a confiderable increafe of 
temperature from, the capfule. The fradlure was fimi- 

lar to that of zinc, but with parts more cubical. The 
larger pieces were kept for feme minutes before fufton 
took place, while others were twifted and bent into va¬ 
rious forms, to the no fmall gratification and furprife of 

thofe who never witneffed or expe&ed to fee fuch an 

efieft produced on fo fufible a metal. 
In experiments of the kind here deferibed, all the 

exterior veffels fhonld be of earthen-ware or wood, 
which being bad condu&ors of heat, prevent the ingre¬ 

dients from receiving heat from the atmofphere and 
furrounding objects with the fame facility that they 

would through metals; and, for a fimilar reafon, the 
interior veffels are beft of metal, that they may allow 
the heat to pafs more readily from the fubftance to be 
cooled into the frigorific mixture employed for that 

purpofe. 
Muriat of lime is certainly the moft powerful, and 

at the fame time the moft economical fubftance that 
can be employed for producing artificial cold ; for its 

firft coil is a mere trifle, being a refiduum from many 

chemical proceffes, as the diftillatlon of pure ammonia, 
See, and often thrown away : befides, it may be repeat¬ 
edly ufed for fimilar experiments, nothing being ne- 

ceilary for this purpofe but filtration and evaporation 
to bring it to its firft flate. The evaporation fhonld be 

carried on till the folution becomes as thick as a ftrong 

fyrup, and upon cooling the whole will be cryftallifed : 
it mu ft then be powdered, put up in dry bottles, well 
corked, and covered with bladder or cement to pre¬ 

vent liquefa&ion ; which otherwife would foon take 
place, owing to the great affinity tlie muriat has for 
moifture. 

The powerful effe&s produced by the frigorific mix¬ 
ture of muriat of lime and fnow, prefent a wide held 
for experiments to determine the poflibility of fixing 
fome of the gafes by intenfe cold. And we are hap¬ 

py to be informed by Mr Pepys, that, as foon as an 

opportunity offers, he and his friends mean to make F U> 

fome experiments with that view, and to communicate II 
the refult of them to the editor of the valuable mi feel- Fuel 

lany * from which we have taken this account of his * <77^ 
experiment on mercury. bfipbieal 

FRIO, a fmall ifland on the coaft of the Brazils, {[-Magazine. 
tuated in 3 2° 2' fouth lat. and 4 1 0 31' 4^" weft Ion. 

The land of Frio is high, with a hollow in the middle, 

which gives it, at a diftance, the refemblance of two fe- 

parate iflands. The paflage between the ifland and the 
continent is about a mile broad, and fetmed to Sir E- 
rafmus Gower to be clear from fhoals. 

FROST, as is well known in Scotland, is particu¬ 
larly definitive to the bloflbm of fruit trees ; and the 
following method of fecuring fuch trees from being da¬ 

maged by early frofls may be acceptable to many of 
our readers. A rope is to be interwoven among the 

branches of the tree, and one end of it brought down 

fo as to be immerfed in a bucket of water. The rope, 
it is faid, will at as a condutor, and convey the ef- 

fets of the froft from the tree to the water. This idea 
is not new ; for the following paflage may be found in 

Colerus : u If you dig a trench around the root of a 
tree, and fill it with water, or keep the roots moiil till 
it has bloomed, it will not be injured by the froft. Or, 
in fpring, fufpend a veffel filled with water from the 
tree. If you wifh to preferve the bloom from being 
hurt by the froft, place a veffel of water below it, and 
the froft will fall into it.” Philojnphical Magazine, n° 11. 

9 FUEL, whatever is proper to burn, or make a fire', 
either for warming a room or drefling vidluals. The 

fuel moft generally ufed in Great Britain is pit-coal, 

which is a very expenfive article ; and that expence is 
greatly increafed by the wafte of coal occafioned by tlie 
injudicious manner in which fires in open chimneys are 

commonly managed. The enormous wafle of fuel in 
London, for inflance, may be eftimated by the vaft davk 

cloud which continually hangs over that great metro¬ 
polis, and frequently overfhadows the whole country 

far and wide; for this denfe cloud is certainly compofed 
almoft entirely of unconfumed coal, which has efcaped 

by the chimneys, and continues to fail about in the air, 
till, having loft the heat which gave it volatility, it falls 
in a dry fhower of extremely fine black dufl to the 

ground, obfeuring the atmofphere in its defeent, and 

frequently changing the brighteft day into more than 

Egyptian darknefs. 

“ 1 never (fays Court Rumford) view from a dif¬ 
tance, as I come into town, this black cloud which 
hangs over London, without wifhing to be able to com¬ 

pute the immenfe number of chaldrons of coals of which 
it is compofed ; for could this be afeertained, I am per- 
fuaded fo ftriking a fa£l would awaken the curiofity, 

and excite the aftonifhment of all ranks of the inhabi¬ 
tants ; and perhaps turn their minds to an objedl of eco¬ 
nomy to which they have hitherto paid little attention.” 

The objedl to which the benevolent author more 
particularly wifhes to dirtdl the public attention, is the 

lighting of a coal fire, in which more wood fhould be 
employed than is commonly ufed, and fewer coals ; and 

as foon as the fire burns bright, * and the coals are well 
lighted, and not before, more coals fhould be added to 

increafe the fire to its proper fize. 
liindling balls, compofed of equal parts of coal,— 

charcoal,—and clay, the two former reduced to a fine 
powder, 
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Fulling. 
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powdei, well mixed and kneaded together, with the tions, which are not unimportant, will be intelhVible to 

- Cf \ m°llten«Q Wlth water, and then formed into balls every reader who has perufed that article in this Sup. 
ot tlie iize of hens eggs, and thoroughly dried, might plement. r 

be ufed with great advantage iuftead of wood for kin- The afperities with which the furface of wool is every 

mg fires, fhefe kindling balls may be made fo in- where furrounded, and the difpofition which it has to 
flammable as to take tire m an inftant and with the alTume a progreffive motion towards the root, render 

malleft ipark, "'PPjng them in a ftrong folution of the ('pinning of wool, and making it into cloth, diffi- 
mtre, and then drying them again ; and they would nei- cult operations. I11 order to fpin wool, and afterwards 
ther be expentive nor liable to be fpo.led by long keep- to weave it, we are obliged to cover its fibres with a 
tng. Perhaps a quantity of pure charcoal, reduced to coating of oil, which, filling the cavities, renders the 

a very fane powder, and mixed with the folution of nitre afperities lei's fenfible; in the lame way as oil, wdien rub- 
in which they are dipped, would render them ftill more bed over the furface of a very fine file, renders it ftill 

, ,, c lefs rough. When the piece of cloth is finifhVd.ftntuft 
The Count thinks that the fires which are made in be cleanfed from this oil ; which, befides giving it a 

the open chimneys of elegant apartments might be great- difagreeable fmell, would caufe it to foil whatever it 
y impioved by preparing the ,ue! ; for nothing (fays came in contad with, and would prevent its taking the 
icj was ever more dirty, inelegant, and difgufting, than colour which is intended to be given to it by the dyer 

a common coal nre. To deprive it of the oil, it is canied to the fulling-mill; 

Fulling, 
Fulmina- 

th'g. 

Fire balls, of the fize of goofe eggs, compofed of 
coal and charcoal in powder, mixed up with a due pro¬ 
portion of wet clay, and well dried, would make a much 

more cleanly, and in all refpe<fts a pleafanter fire, than 
can he made with crude coals; and, he believes, would 
not be more expeniive fuel. In Flanders, and in feveral 
parts of Germany, and particularly in the duchies of 
Juliers and Bergen, where coals are ufed as fuel, the 
coals are always prepared before they are ufed, by 
pounding them to a powder, and mixing them up with 
an equal weight of clay, and a fufficient quantity of 
water to form the whole into a mafs, which is kneaded 

together and formed into cakes ; which cakes are after¬ 
wards well dried and kept in a dry place for ufe. And 

it has been found, by long experience, that the expence 
attending this preparation is amply repaid by the im¬ 
provement of the fuel. The coals, thus mixed with 
clay, not only bum longer, but give much more heat 
than when they are burnt in their crude hate. 

It will doubtlefs appear extraordinary to thofe who 
have not confidered the fubje<ft with fome attention, 
that the quantity of heat produced in the combuftiou 

of any given quantity of coals fliould be increafed by 
mixing the coals with clay, which is certainly an iiicom- 
buftible body; but the phenomenon may be explained 
in a fatisfa&ory manner. 

The heat generated in the combuftion of any fmall 
particle of coal exifting under two diftindl forms, name¬ 
ly, in that which is combined with the flame and fmoke 
which rife from the fire, and which, if meaus are not 
found to flop it, goes off* immediately by the chimney 
and is loll—and the radiant heat which is fent off from 
the fire in all directions in right lines .It is therefore 
reafonable to conclude, that the particles of clay, which 
are furrounded on all Tides by the flame, arreft a part at 
leaf!: of the combined heat, and prevent its efcape ; and 

this combined heat, fo arrefted, heating the clay red hot, 
is retained in it, and being changed by this operation to 
radiant heat, is afterwards emitted, and may be diredled 
and employed to ufeful purpofes. In the compofition 
of fire-balls, the Count thinks it probable that a certain 
proportion of chaff, of ftraw cut very fine, or even of 
faw-duft, might be employed with great advantage. 

FULLING of woollen cloths (fee the method 
of performingthe operation under the article Fulling, 

Encyc/.) depends, like Felting, fo entirely upon the 

ftru(Cure of. wool and hair, that the following* obferva* 
Suppl. Vol. I, Part II. 

where it is beat with hammers in a trough full of vval 
ter, in which fome clay has been mixed ; the clay com¬ 
bines with the oil, which it feparates from the cloth, and 
both together are wafhed away by the frefii water which 
is brought to it by the machine ; thus, after a certain 
time, the oil is entirely wafhed out of the cloth. 

But the fcouring of the cloth is not the only objedl 
in fulling it ; the alternate preffure given by the mallets 

to the piece of cloth, occafions, efpecially when the 
fcouring is pretty far advanced, an effeiC analogous to 

that which is produced upon hats by the hands of the 
hatter; the fibres of wool which compofe one of the 
threads, whether of the warp or the woof, aifume a pro- 

greffive movement, introduce themfelves among tliofie of 
the threads nearell to them, then into thofe which fol¬ 
low ; and thus, by degrees, all the threads, both of the 
warp and the woof, become felted together. The cloth, 
after having,^ by the above means, become fhortened in 
all its dimensions, partakes both of the nature of cloth 
and of that of felt; it may be cut without being fubjedT 
to ravel, and, on that account, we are not obliged to 
hem the edges of the pieces of which clothes are made. 
Laftly, As the threads of the warp and thofe of the 

woof are no longer fo diftiud and feparated from each 
other, the cloth, which has acquired a greater degree 
of thicknefs, forms a warmer clothing. Knit worfted 
alfo is, by fulling*, rendered lefs apt to i;un, in cafe a 
ftitch fhould drop in it. 

FULMINATING Gold.1 See Chemistry, Supply 
Fulminating Silver. J nOS 849 and 850. t 
Mr Bertliollet, the inventor of fulminating filver, ha¬ 

ving contented liimfelf with a general and concife de- 
fcription ot this fubjecl, many pradical cliemifts have 
failed in their attempts to prepare it ; and others, form¬ 
ing their opinions from the fpecimens which they had 
made, have been expofed to great danger ; as will appear 
from the following relation : 

# An ounce of fine filver was diflolved in the courfe of 
eight hours In an ounce of pure nitrous acid, of the 

London Pharmacopoeia, diluted previoufly with three 
ounces of diftilled water in a glals matrafs. The folu- 
tion being poured off, the refiduary black powder and 

the matrafs were wafhed with feven or eight ounces of 

warm diftilled water, and this was added to the folution. 
The black powder, being gold, was rejected ; fome 

gold being thus leparable from any filver of commerce. 

To the foregoing diluted folution, pure lime-water 

4 Q_ prepared 
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Fulmina- prepared with diflilled water was added gradually; for 

tin£- the folution ought not to be poured into the lime water. 
~ When about thirty pints of lime-water had been expend¬ 

ed, and the precipitate had fubfidtd, more hme-watei 
was added, by fucceflive pints, as long as it caufed any 
precipitation. For it was deemed fitter that the preci¬ 
pitation fhould not be perfeaed, than that an excels of 
lime-water lhould be ufed; the earthy pellicle of the ex- 
ceflive lime-water being apt to mix with the precipitate. 
The clear liquor being poured away, the precipitate 

was poured off, and vvaflied into a filter. 
When the faline liquor had drained from it, two oun¬ 

ces of diftilled water were poured on the magma ; and 
when this water had paffed, frefli portions were fuccef- 
fively added and paffed, until the whole quantity of wa¬ 
ter thus expended in wafhing away the nitrous calcare¬ 

ous fait amounted to a quart. 
The filter being then unfolded, to let the magma of 

oxide of filver fpread on the flattened paper, it was pla¬ 
ced on a chalk-llone to accelerate the exficeation, and 

was gradually dried in the open air; a cap of paper be¬ 

ing placed loofely over it to exclude the duff. 
When the weather ferved, the cap was removed, to 

expofe the oxide to the rays of the fun ; although this 
was not deemed neceflary ; and exficeation was promo¬ 

ted by cutting the oxide into thin flices. When per¬ 
fectly dry it weighed 1 oz. 4 dwts- and about one-fifth 

of it was conlidered as oxygen. 
When aqua ammonise purie of any pharmacopoeia is 

ufed with this oxide, either in the fmall quantity which 
blackens it completely, or in a greater quantity, the 
black matter which fubfides, and which has been repre- 
iented by fyfternatic writers as the fulminating com¬ 
pound, has no fnch property, any farther than may be 
owing to the matter depofited from the alkaline folution 

during the exficeation. 
The alkaline liquor containing the fulminating filver 

ought to be poured off from the infoluble powder, and 
expofed in a fhallow veffel to the air. In confequence 
of the exhalation, black fhining cryftals form on the 
furface only, and foon join to form a pellicle. As this 
pellicle adheres a little to the fides of the veffel, or 
maintains its figure, the liquor may be poured off by a 

gentle inclination of the veffel. 
This liquor will yield another pellicle in the fame 

way; but the third or fourth pellicle will be paler than 
the former, and weaker in the explofion. The firft 
pellicles, when (lowly dried, explode by the touch of a 

feather, or by their being heated to about 96°. 
The quantity of water in the ordinary aqua ammonise 

purse renders it lefs a&ive in the folution of the oxide, 
and is an impediment to the fpeedy formation and fe- 
paration of the fulminating filver; and an experimenter 

who has often ufed twenty grains of the oxide to pro¬ 
duce fucceflive pellicles of fulminating filver, which may 

be feparately exploded with fafety, and who has per¬ 
ceived that the pellicles never explode whilft wet, if they 
be not heated, would, in all probability, refolve on the 
following improvement, and expofe himfelf to the un- 

forefeen danger of it. 

Diftilled water was impregnated with as much pure 
ammoniac as it could eafily retain under the ordinary 
temperature of the air. A quantity of this ftrong am- 
moniacal liquor, equal in bulk to a quarter of an ounce 
of water, was placed in a fmall bottle, and 24 grains of 

F U S 
the oxide of filver, ground to fine powder, were added. Fun&ion 
The bottle, being almoft filled, was corked, to prevent H 
the formation of that film which ufually appeared in u 

confequence of the exhalation of the ammoniac in other 

experiments. 
During the folution of the oxide, bubbles of the ga- 

feous kind arofe from it, and the folution acquired a 
blue colour. As no film appeared, the bottle was agi¬ 
tated three or four times in the courfe of as many hours, 
in order to promote the folution of a fmall quantity of 

blackened oxide which remained at the bottom. The 
experimenter confidering this as an ample provifion for 
twenty different charges, to be exploded in different 
circumftances, in the prefence of the fociety, intended 
to pour off the folution into as many fmall veflels, and 
to weigh the refiduary black powder, after allowing two 

hours more for the folution. 
On the fixth hour he took his ufual precaution of 

wearing fpeClacles; and obferving that a fmall quantity 
of black powder ftill remained undiffolved, and that no 

film was yet formed at the furface, he took the bottle 
by the neck to fhake it; knowing that it might explode 
by the heat of his hand, if lie were to grafp it, and that 
the explolion in this circumftance might wound him 

dangeroufly. 
In the inftant of (baking, it exploded with a report 

that ftunned him. The bottle was blown into frag¬ 
ments fo fmall as to appear like glafs coarfely powder¬ 
ed. The hand which held it was impreffed as by the 
blow of a great hammer, and loft the fenfe of feeling 
for fome feconds ; and about 52 fmall grains of glafs 
were lodged, many of them deeply, in the fkin of the 
palm and fingers. The liquor ftained his whole drefs, 
and every part of the fkin that it touched. Thus it 
appeared that fulminating filver may be made which 
will explode even when cold and wet, by the mere di- 
fturbance of the arrangement of its parts, in the aque¬ 

ous fluid. 
In fubfequent experiments, privately and carefully 

conducted, it feemed that the property of exploding in 
the cold liquor, by mere commotion, depended on the 
unufual quantity or poximity of the explofive molecules 
in a given bulk of the liquor. And the flat bottoms, 
as well as the fides, of the thick veffels of glafs or pot- 
ters-ware, whether they flood on boards or iron plates, 

were always beaten to fmall fragments. 
This afforded a curious iuftance of the poflible equi¬ 

librium between the powers tending to retain the ca¬ 

loric and thofe which effeCt the expulfion of it ; and 
experiments and confiderations of this kind feemed to 
promife a true folution of the phenomena of Rupert’s 

drop& 
FUNCTION, a term ufed in analytics for an alge¬ 

braical expreflion, anyhow compounded of a certain 
letter or quantity with other quantities or numbers ; 
and the expreflion is faid to be a funCtion of that letter 

or quantity. Thus a — 4*, or ax 4- 3x% 

or 2x — a V a1 —or xc, or cxy is each of them a 

funCtion of the quantity x. 
FURD-y-Huckeecut, in Bengal, fignifies a paper 

of defeription. 
FuRD-y-Sowal, paper of requeft. 
FUST, in architecture, the (haft of a column, or the 

part comprehended between the bafe and the capital,„ 

called alfo the naked* G, 
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G. 
Gagucj*- AGUEDI, a tree peculiar to Lamalmon, in Abyf- 

u~v VJT finia, is thus defcribed by Mr JBruee. The leaves 
are long, and broader as they approach the end. The 
point is obtufe ; they are of a dead green, not unlike 

the willow, and placed alternately one above the other 
on the ftalk. The calyx is compofed of many broad 
fcales lying one above the other, which operates by the 
preffure upon one another, and keeps the calyx fnut 
before the flower arrives at perfedlion. The flower is 

monopetalous, or made of one leaf; it is divided at the 
top into four fegments ; where thefe end, it is covered 
with a tuft of down, refembling hair, and this is the 
cafe at the top alfo. When the flower is young and 
unripe, they are laid regularly fo as to inclofe one ano¬ 
ther in a circle. ^ As they grow old and expand, they 
feem to lofe their regular form, and become more con- 

fufed, till at laft, when arrived at its full perfection, Gamed?, 
they range themfelves parallel to the lips of the calyx, L 
and perpendicular to the ftamina, in the fame order as 
a rofe. The common receptacle of the flower is ob- 
long, and very capacious, of a yellow colour, and co¬ 
vered with fmall leaves like hair. The ftik is plain, 

fimple, and upright, and covered at the bottom with a 
tuft of down, and is below the common receptacle of 
the flower. 

Our author fays that he has obferved, in the middle 

of a very hot day, that the flowers unbend themfelves 
more, the calyx feems to expand, and the whole flower 
to turn ltfelf towards the fun in the fame manner as 

does the funflower. When the branch is cut, the flower 
dries as it were inftantaneoufly, fo that it feems to con- 
tain very' little humidity. 

GALVANISM. 
Galvan ifm 
improperly 
called ani¬ 

mal cleilri- 
city. 

a 
Difcovery 
•f galva- 
aifm. 

. 3 
Objed of 
*his article, 

/^ALVANTSM is the name now commonly given to 
the influence difeovered nearly eight years ago by 

the celebrated Galvani, profeflbr of anatomy at Bologna, 
and which, by him and fome other authors, has been 
called animal ele&ricity. We prefer the former name, 
becaufe we think it by no means proved that the phe¬ 
nomena difeovered by Galvani depend either upon the 
eledlric fluid, or upon any law of animal life. While 
that is the cafe, it is furely better to diflinguifh a new 
branch of fcience by the name of the inventor, than to 
give it an appellation which probably may, and in our 
opinion certainy does, lead to an erroneous theory. 

M. Galvani was engaged in a fet of experiments, the 

objeft of which was to demonftrate, if poffible, the de¬ 
pendence of mufcnlar motion upon electricity. In the 
courfe of this inveftigation, he had met with feveral new 

and linking appearances which were certainly eledrical; 
foon after which, a fortunate accident led to the difco¬ 
very of the phenomena which conflitute the chief fubjeft 
of this article. The ftrong rtfemblance which thefe 
bore to the e!e£rical fa&s which he had before obfer- 
ved, led almofl irreftftibly to the conclufion that they 
all depended upon the fame caufe. This opinion he 
immediately adopted ; and his fubfequent experiments 
and reafonings were naturally diredlcd to fupport it. 
The fplendor of his difcovery dazzled the imaginations 
of thofe who profecuted the enquiry; and for fome time 
his theory, in fo far at lead; as it attributed the whole 

to the agency of the ekaric fluid, was fandioned by 
univerfal approbation. Of late, however, this opinion 
has rather loft ground ; and there are now many philo- 
fophers who confider the phenomena as totally uncon- 
neded with eledricity. 

We propofe, in the JirJl place, to enumerate the chief 
fads which have been afeertained on the fubjed ; we 
fhall then enquire, whether or not the caufe of the ap¬ 

pearances be the eledric fluid; and, thirdly, we fliall ex¬ 
amine how far it has been proved that this caufe is ne- 
ceflarily conneded with animal life. 

Whilfl Galvani was one day employed in differing a 
frog, in a room where fome of his friends were ainufing 

themfelves with eledrical experiments, one of them ha. 

vmg happened to draw a fpark from the condudor at 
the fame time that the profeflbr touched one of the 
nerves of the animal, its whole body was inilantly fhakeu 
by a violent convulfion. Aftoniflied at the phenomenon, 
and at firft imagining that it might be owinF to his ha 

vmg wounded the nerve, he pricked it with the point 
of his knife, to alFure himfelf whether or not this was 
the cabs, but no motion of the frog’s body was p.odu- 

ced He touched the nerve with the inilrument 
as at firit, and direded a fpark to be taken at the fame 

time from the machine, on which the contractions were 
renewed. Upon a third trial, the animal remained mo- 
tmnlefs ; but obfervmg that he lirfd his knife by the 
handle, which was made of ivory, he changed it for a me 

talhc one, and immediately the movements took place 
which never was the cafe when he ufed an eledric fub- 
Itance. u 

After having made a great many fimilar experiments 

r K-1 A’6 ?kftr,cal machine, he refolved to profecute the 
fubjed with atmofphmc eledricity. With this view 
he imfed a condudor on the roof of his houfe, from 
which be brought an iron wire into his room. To tin's 
he attached metal condudors, conneded with the nerves 
of the animals deltmed to be the fubjeds of his experi 

idSC,r“ Sf,"8’ ™ »i>«i>'"Sc£ 
fm« .1 ilff fe expei.'lment3 were not confined to 
frogs alone. Different animals, both of cold and warm 
bloodwere fubjeded to them ; and in all of them eon- 
iiderabk movements were excited whenever it lklitned 

i heft preceded thunder, and correfponded with its in* 
tenfity and repetition ; and even when no light,,,'ap. 

peared, the movements took place when any (lormy 

cloud paffed over the apparatus. That all thefe appear! 
nnces were produced by the cledric fluid was obvious 

Having foon after this fufpended fome frogs from the 

iron pahfades winch iurrounded his gardenf by mea n 

o metallic hooks fixed in the fpines of their backs he 

cll,aS'-’ “ of the atmosphere. He tom 
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found, however, that this wa$ not the cafe; and having 
varied, in many different ways, the circumftances in 
which the frogs were placed, he at length difcovered 
that he could produce the movements at pleal lire^ by 
touching the animals with two different metals, which, 
at the fame time, touched one another either immediate¬ 
ly or by the intervention of fume other Jubilance capa¬ 

ble of conducting electricity. 
All the experiments that have yet been made may 

be reduced to the following, which will give the other- 
wife uninformed reader a precife notion of the fubjed. 

Lay bare about an inch of a great nerve, leading to 

any limb or mufcle. Let that end of the bared part 
which is farthefl from the limb be in clofe contact with 
a bit of zinc. Touch the zinc with a bit of filver, 
while another part of the filver touches, either the 
naked nerve, if not dry, or, whether it be dry or not, 
the limb or mufcle to which it leads. Violent con¬ 
tractions are produced in the limb or mufcle, but not 

in any mufcle on the other fide of the zinc. 
Or, touch the bared nerve with a piece of zinc, and 

touch, with a piece of filver, either the bared nerve, or 
the limb ; no convulfion is obferved, till the zinc and 

4 filver are alfo made to touch each other. 
Has enga- A fad fo new, illuftrated by many experiments and 
ged much mueh ingenious reafoning, which Profeffor Galvani 
fcientific foon pUbljfhed, could not fail to attrad the attention of 
■attention. p^y^0j0gj^s ajj over Europe ; and the refult of a vafl 

number of experiments, equally cruel and furpriling, 

has been from time to time laid before the public by 
Valli, Fowler, Monro, Volta, Humboldt, and others. 

Frogs, unhappily for themfelves, have been found the 
moll convenient fubjeds for thefe experiments, as they 
retain their mufcular irritability and iufceptibility of the 
galvanic influence very long. Many hours after they 
have been decapitated, or have had their brain and 
fpinal marrow deftroyed, ftrong convulfions can be pro¬ 

duced in them by the application of the metals. A 
leg feparated from the body will often continue capa¬ 
ble of excitement for feveral days. Nay, very diflind 
movements have been produced in frogs pretty far ad¬ 
vanced in the procefs of putrefadion. Different kinds 
of Allies, and many other animals both of cold and 
warm blood, have been fubjeded to fimilar experiments, 

and have exhibited the fame phenomena; but the warm 

blooded animals lofe their fufceptibility of galvanifm, as 

j of every other flimulus, very foon after death. 
The metals. Aim oft any two metals will produce the movements; 

but, it is believed, the moft powerful are the following, 
in the order in which they are here placed : 3. Zinc ; 
2. Tin ; 3. Lead; in conjundion with, 3. Gold; 2. Sib 
ver; 3. Molybdena ; 4. Steel; 3. Copper. Upon this 
point, however, authors are not perfedly agreed. 

The procefs by which thefe Angular phenomena are 

produced, conAfts in effeding, by the life of the exci- 
ting apparatus, a mutual communication between any 

two points of ebntad, more or lefs diflan t from one 

another, in a fyftem of nervous and mufcular organs 
The fphere of this mutual communication may be re¬ 
garded as a complete circle, divided into two parts, 5 

That part of it which conAfts of the organs of the Animal and 
animal under the experiment, has been called the anu excitatory 

mol arc ; that which is formed by the galvanic inftru- arcs* 

ments has been called the excitatory arc. The latter 
ufually conAfts of more pieces than one ; of which fome 
are named Jlays, braces, &c. others communicators, from 

their refpedive ufes. _ 7 
A very numerous train of experiments on galvanifm Experi- 

has been made by a committee of the PhyAcal andMathe- 
matical Clafs of the National Inftitute of France; and inftitu^c 

as their report comprehends a vaft number of the moft 
important fads which are yet known on the fubjed, 
we {hall prefent our readers with the fubftance of it (a). 

The immenfe mafs of matter which refulted from the 

experiments of the committee, is, in their report, pre- 
fented, not in the order in which the experiments were 
made, but in a fort of claffiiication, by means of which 
a more diftind knowledge of the fubjed is obtained at 
one view. The fads are arranged under thefe Ax heads. 
IJI, Refults of the different combinations and difpofi- 

tions of the parts of the animal arc. 2d, Account of 
what has been obferved of the nature and the different 
difpofitions of the excitatory arc. 3d9 Circumftances not 
entering into the compofition of the galvanic circle, 
which, neverthelefs, by their influence, modify, alter, 
or entirely prevent the fuccefs of the experiments. 4th, 

Means propofed for varying, diminifhing, or reftoring 

the fen Ability to galvanifm. $lh9 Attempts to compare 
the phenomena of galvanifm with thofe of eledricity. 
6th, Additional experiments, performed by M. Hum¬ 
boldt, in the preftnee of the members of the committee; 
which have a reference to feveral of the proofs flated in 

the foregoing articles. . 8 
I. To the number of twenty experiments were made On the ani¬ 

on the animal arc. The Aril feven of thefe were di- mai arc* 

reded to afeertain the relations between the nerves and 
thofe mufcles over which they are dillributed. In the 
laft thirteen, the nerves were eut afunder, or fubjeded 
to ligatures; the fedion or ligature being always be¬ 
tween the extremities of the arc. Nerves taken from 
different animals, or from different parts of the fame 
animal, and joined in one and the fame arc, were among 

the particular fubjeds of thefe experiments ; as were 
alfo the folitary nerve, and the folitary mufcle, included 
between the extremities of the excitatory arc. There 
were interpofed, too, in the courfe of thefe experiments, 
portions of nerves, and of mufcles, diftind from thofe 
parts. And, in fome of the experiments, the animal 

was without the fkin and the epidermis. 
The following are inferences which have been dedueed 

from thefe experiments : 
1. The animal arc may confift either of nerves and rilfercnce* 

mufcles together, or of nerves alone, without mufcles(B). 

2. Nerves are, therefore, the effential part of the a- 
nimal 

(a) The members of the committee were, M. M. Coulomb, Sabbatier, Pelletan, Charles, bourcroy, Vauquelin? 
Guyton, alias Morveau, and Halle. M. M. Venturi, De Modene, and M. Humboldt, aflifted in the experiment. 

(b) We are ftrongly inclined to doubt the truth of this propoAtion. Dr Fowler was at Rrft led to think that 
contradions could be excited in a limb without the metals having any communication with it, except through 
the medium of the nerve. Recolleding, however, that a very fmall quantity of moifture ferves as a condudor 

of galvanifm, he fufpeded, and our opinion perfedly coincides with his, that in every cafe where contradions 
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rumal arc ; for the mufcles are always more or lefs in¬ 
terfered by the nerves; and are, confequently, in part, 
a nervous organ. 

3. All the parts of the animal arc mufl be either 
mutually continuous, or at lead contiguous to one ano¬ 
ther. But even contiguity is fufficient to enable the 
galvanic phenomena to take place. 

4. T he fc-rion or ligature of a nerve interrupts not 
the galvanic phenomena, if the parts which are cut a- 
fnnder or bound up dill remain in clofe contiguity to 
one another. 

5. No diverfity of the parts forming the animal arc, 
though thefe be taken from different parts of the fame 

animal, or even from different animals, will have power 
to impair its galvanic fufceptibility, provided only that 
thefe parts be dill mutually contiguous. 

6. If the integrity or galvanic fufceptibility of the 
animal arc be fufpended by the reparation of any of its 
parts to fome didance from one another, it may be 

redored by the interpofition of fopne fubdances, not of 
an animal nature, between the divided parts. Metallic 
fubdances are in particular fit for this ufc. But the 
mutual contiguity of all the fubdances entering into 

the compofition of the arc mud ever be carefuliv pre¬ 

served. Mr Humboldt difcovered that a bit of frcfh 
morelle (Helvetia mitra Linn.) will fupply the place of 
a part of the nerve. 

7. The mufcular organs which indicate, by contrac¬ 

tion, the prefence of the galvanic influence, are always 
thole in which the nerves of a complete animal arc have 
their ultimate termination. 

From this it follows, that the mufcles affed^d by 
galvanifm are always thofe correfponding to that ex¬ 
tremity of the arc which is the mod remote from the 
origin of the nerves of which it is compofed. 

8. When all the nerves of the animal arc originate 
towards one of its extremities, then only thofe mufcles 

which correfpond with the oppofite extremity are fuf- 
ceptible of galvanic convnlfions. 

9 When an animal arc confids of more than one 
fyllem of diderent nerves, which have all their origin 
about the middle of the arc, then will the mufcles of 

thefe feveral fydems of nerves be moved alike at both 
the extremities of the arc. 

10. It fee ms likewife to appear, from a variety of 
thefe experiments, that the opinion of thofe is inadmif- 
fiblc, who aferibe the phenomena of galvanifm to the 
concurrence of two different and reciprocally corre¬ 
fponding influences, one belonging to the nerve, the 

other to the mufcle, and who compare the relations- 
between the nerve and the mufcle, in thefe phenome¬ 
na, to thofe between the interior and the exterior coat¬ 
ing of the Leyden phial. 

ii- It appears, laflly, that the covering of the epi¬ 
dermis, in the entire animal body, a&s as an obdacle 
to the dccifive difplay of the effeCts of galvanifm ; and 

___ that. 

are produced in a limb without any apparent communication between the metals and the mufcles, except through 
the medium of a nerve, the communication is in fa& completed by the moidure upon the furface of the nerve. 

In this cafe, the animal arc may be confidered as confiding of three pieces, difpofed in the following- order • the 
nerve, the mufcle, and the water adhering to the furface of the nerve. The latter, indeed, ought rather to 
be confidered as a part of the excitatory arc. “ When a nerve (fays Dr Fowler), which for fome time has 

L*n/etir, '°m fllrroundmg parts, is either carefully wiped quite dry with a piec, of fine muflin, or Heft 
this fhould be thought to injure its dru&ure) differed to remain fufpended till its moidure has evaporated 
no contractions can be excited in the mufcles, to which it is didributed, by touching it alone with any two 

metals in contaa with each other ; but if it be again moidened with a few drops of water, contractions in- 
itantJy take place. And, in this way, by alternately drying and moidening the nerve, contractions may at 

pleasure be alternately fufpended and renewed for a confidence time. It may, indeed, be contended, that the 
moidure foftened, and thus redored eladicity and free expanfion to the dried cellular membrane furrounding the 
fibres, of. wmch the trunk of a nerve is compofed; and thus, by removing condraint, gave free play to their 
organization. 0 r ' 

“ But from observing, that in every other indance where contractions are produced by the mutual contaCt of 
the metals, a conducting fuhdance is. interpofed between them and the mufcles as well as between them and 
the. nerve ; I think it would be unpbilofophical not to allow, that, in the indance in quedion, the moidure ad* 
fienng to the lurface of the nerve, formed that requifite communication between the metals and the mufcles 

We know of no accurate experiment by which it has ever been fhewn, that contraaions can be produced in a 
limb without a communication being edablifhed between the metals and nerve, and again between the mufcles 
and the metals, either direCtly, or through fome medium capable of conduCling galvanifm. 

T<\r™°ve the only obje&fon which can be made to Dr Fowler’s experiment, and of which we have feen that he- 
was Ininlelf aware, namely, that the nerve while dry is incapable of performing its funClions, we repeated it in 
the following manner: A fmall, but vigorous and lively, male frog was decapitated, and the fciatic nerve being 
aid bare from the knee upwards, was cut through where it paffes out of the pelvis. Fifteen minutes after the 

head was cut off, the nerve having been cautioufly feparated from the furrounding parts, and coated with tinfoil 
in the ufual mariner, a iilver probe was applied to it and its coating, without any, other communication with the 

mnicies, and Itrong,contractions took place in the leg. The nerve was now very carefully dried with a niece 
o fine linen, and the probe was applied as before to the tinfoil and the nerve ; no movement whatever took 

place. Things remaining precifely in this fituation, one end of the probe being flill in contaCt with the nerve 
and its coating, the other,end was applied to the mufcles of the thigh, and the leg immediately contraaed as 

ftrongly as ever. Upon moiftening the nerve, the contraaions were again produced by applying the urobe to 
the nerve and tinfoil alone. We find from this experiment, which we have feveral times repeated with the 

pevfed 1 y2decifive o^the queftion ’ ^ ** retained Jt8 fundi°n9 comPletcly- This appears to us 
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that, though from its extreme tenuity, it may not al¬ 
together prevent thefe effe&s, yet it cannot but very 

materially diminifh them. 
IT. The Excitatory Arc is ufually formed of three 

different pieces, made of different metals. Of thefe, 
one muff be in conta& with the nerve ; the other muff 
touch the mufcle ; and the third muff form the mean 
of communication between thefe two. This arrange¬ 
ment, though not indifpenfably neceffary, is at leaff the 

•moft convenient. 
In refpe& to the excitatory arc, the committee exa¬ 

mined, iff, The application of metallic fubftances to 
form it : in refpe& to which they endeavoured to af- 
certain the number and the diverfity of the pieces of 
metal of which this arc may be compofed ; the metal- 
l c mixtures or alloys which are capable of being em¬ 
ployed for this ufe ; the particular degree of the fric- 
-tion of one metal upon another, which is favourable to 

•the exhibition of the phenomena ; the different Hates, 
in refpe& to galvanifm, of metals differently minerali¬ 
zed. 2dly, The effe&s of the ufe of carbonic fubftan¬ 
ces in forming the excitatory arc. 3dly, The effe&s 
in the fame formation, of bodies, which are either non- 

■condu&ors, or elfe very imperfe& condu&ors of elec¬ 
tricity, fuch as jet, afphaltus, fulphur, amber, fealing- 
wax, diamond, &c. 4thly, The conlequences of the 
interpofition of water, and of fubftances moiftened with 
water, between the different parts of the excitatory 
arc. In forming their excitatory arcs, too, they made 

themfelves the chord of the arc ; they introduced into 
it animal fubftances which had loft their vitality ; they 
rubbed the fupporters with the dry fingers, fo as to 
mark them with nothing but the traces of the perfpi- 
ration from the (kin. They made, likewife, fome ex¬ 
periments for'the purpofe of afeertaining the relations 
between, on the one hand, the extent and magnitude 
of the furfaces of the parts compofing the arc, and, on 
the other, the effe&s produced by its energy. From 

their experiments they have, alfo drawn fome inferences 
concerning the relative efficiencies of the feveral con- 
ftituent parts of the exciting arc. It is impoffible for 
us here to relate in detail all this train of experiments. 
The following corollaries exprefs the fubftance of thofe 
general truths, which their authors were led to infer 

from them. n 

1. The excitatory arc poffeffes the greateft power of Inferences, 
galvanifm, when it is.compofed of at leaff three diftin& 
pieces; each of a peculiar nature: the.metals, water, 
and humid fubftances, carbonaceous matters, and ani¬ 
mal fubftances, itripped of the epidermis, being the 

only materials out of which thefe pieces may be form¬ 

ed. 
2. Neverthelefs the excitatory arc appears to be not 

deftitute of exciting energy, even when it confifts but 
of one piece or of feveral pieces, all of one proper fub¬ 
ftance (c). In general it mult be owned, identity of 
nature in the conllituent pieces, and particularly in the 

fupports forming the extremities of the arc, diminifhes, 
in a very fenfible manner, its galvanic energy. 

3. The flighted: difference of nature induced upon 
the parts, whether by any feeble alloy, or by fri&ion 
with extraneous fubftances, is at any time fufficient to 
communicate to the excitatory arc that full power in 
which the identity of its compofition may have made 

it defe&ive. 
4. As the animal arc is fufceptible of being in part 

made up of metallic fubftances, or fuch others as are 
adapted to enter into the compofition of the excitatory 
arc ; fo, on the other hand, the excitatory arc admits 
of being in part formed of thofe fubftances which are 

the proper components of the animal arc. 
5. The energies of both the excitatory and the ani¬ 

mal arcs are alike fufpended by the feparation of their 
component parts, or at leaft by the feparation of thefe 

parts to a certain diftance. 
6. Even the fmalleft degree of moifture is fufficient 

to 

(c) We do not think it has ever been proved, that one piece of metal, or feveral pieces of the fame metal, 
are capable of forming the excitatory arc. It is admitted on all hands, that the flighteft alloy communicates 
galvanic energy to a piece of metal ; that is, renders it capable of forming the excitatory arc. It is alfo known, 
that the metallic oxides are much lefs perfe& condu&ors of galvanifm than their correfponding reguli, to make 
ufe of an antiquated exprefiion. It appears to us, that in all cafes where one metal appears to a&, more efpeci- 
ally where fri&ion with the fingers, or breathing on a piece of metal formerly inert, give it galvanic powers ; in 
all thefe cafes, we think it probable that a flight degree of oxidation, produced in fome part of the furface of 
the metal, gives it a&ivity by deftroying the homogeneity of its nature. We do not find that this circumftance 
has been in general fufficiently attended to. Dr Wells having difeovered that charcoal a&s powerfully as an 
exciter when applied along with a metal, found that by fri&ion it alfo can be rendered capable of a&ing fingly. 
What change is thus produced in it we can only conje&ure ; but that it is fomething which deftroys the iden¬ 

tity of its ftru&ure, rendering it in fome meafure a heterogeneous fubftance, mull be admitted. 
Candour forces us to acknowledge, that in one of Mr Humboldt’s experiments, it feems very difficult to point 

out any want of homogeneity in the exciting arc. He put into a china cup fome mercury cxa&ly purified ; 
he placed the whole near a warm ftove, in order that the entire mafs might affume an equal temperature : the 
furface was clear without the appearance of oxidation, humidity, or dull. A thigh of a frog, prepared in fuch 
a manner that a crural nerve and a bundle of mufcular fibres of the fame length hung down feparately, was 
fufpended by two filken threads above the mercury. When the nerve alone touched the furface of the metal, 
no irritation was manifefted ; but as foon as the mufcular bundle and the nerve touched the mercury together, 
they fell into convulfions fo brifk, that the (kin was extended as in an attack of tetanus. This is by far the 
moil decifive experiment which has been tried on the fame fide of the queftion ; but as it mull be admitted, that 
in moll cafes two metals are abfolutely neceffary, and that a fingle metal often derives a&ivity from circum- 
ftances fo (light, that we could not a priori have expe&ed that they were capable of producing any change ; we 
feel ourfelves compelled to conclude, that in M. Humboldt’s experiment fome fimilar very (light circumftance 

had efcaped unobferved ; perhaps fome gilding, jor ornaments with metallic colours, in a ’date of oxidation. , 
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to join the parts of the excitatory arc, and to deter¬ 
mine their effedls upon the animal arc. 

7. The influence upon the date of the atmofphere, 
and of furrounding circumftanees, upon the fuccefs of 
the experiments of galvanifm, is, confequently, very 
great. In order, therefore, to perform thefe experi¬ 
ments with due accuracy, the date of the hygrometer, 
and of other meteorological inflruments, mud be vigi¬ 
lantly infpe6led during their progrefs ; and the influence 
of the perfons making the experiment upon the fphere 
within which it is made, mud likewife be carefully at¬ 
tended to. 

8. The experiments which were made to afcertain 
the nature of the animal arc, together with thofe made 
upon the excitatory arc, with a view to the companion 
of the effects of the flefli of animals, with or without 
the epidermis, and of the different effe&s of this epi¬ 
dermis, when it is wet and when it is dry, appear to 

fugged to us, that the epidermis is one of thofe fub- 
dances which diminifli or interrupt the efficacy of the 
excitatory arc. The epidermis is, as well as the hairs 
and bridles of animal bodies, among the number of 

thofe fubdances which deferve the appellation of idio- 

eledrics. 

9. Examine the fubdances which are fit for the forma¬ 
tion of the excitatoryare,and yon will find that the great¬ 
er part of thofe which have been fuccefsfully put to this 

ufe are fubdances capable of a&ing as condudlors of the 
ele&rical fluid ; but that the fubdances which interrupt 
the operation of galvanifm are generally fuch as are well 
known alfo to refid the tranfmiflion of ele&ricity. 

ic. Laflly, it appears, that the galvanic energy de¬ 
pends, not only upon the nature and arrangement of 
the component parts of the excitatory arc, but on their 
extent too, and on the magnitudes of their tranfmitting 
furfaces. 

III. The committee appear to have ufed no lefs 

N r s M. 
mencement of the mutual contadl, or of its ceffation. 
But when the frog is fatigued, the effedls are diffe¬ 

rent. Thefe fucceffive experiments likewife affedl the 
refults of one another, by means even of their fuccef- 
fion folely. And they are alfo naturally fubjedl to be 

influenced by the nature of the media amidd which 
they are performed; filch as common air, water, an e- 

ledlrical atmofphere. The following are the inferences 

which have been deduced from this clafs of thefe expe¬ 
riments. 
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CarC an^ ^ifcernment m experiments upon thofe cir- 
cumftances Cum^ances which, though different from the ftru&ure 
different the galvanic circle and its two condituent arcs, have, 

however, a deciflve influence upon the exhibition of the 

phenomena of galvanifm. Some curious obfervations 
were made on the differences in the date of the parts 
expofed to the galvanic adlion. It was afccrtained, 
that frogs frefh from the ditches did by no means ex¬ 
hibit the fame phenomena as thofe which had been 
during fome days preferved in the houfc ; nor did the 
limbs of animals, when recently dripped of the fkin, 
prefent the fame appearances as after they had been 
fubjedled to a variety of galvanic experiments ; nor 
were the fame effects to be produced upon the parts of 
animal bodies whieh, after a certain number of trials, 
had been left for a while at red, and then taken up a- 
gain, as upon thofe which had been fubjedled to one 
continued train of experiments- The committee next 
examined the variations in the fuccefs of the experi¬ 
ments upon a drong lively frog, which may be pro¬ 
duced by varying the mode in which the communicator 

is carried from the one fipporter to the other : when the 
communicator is brought into contact with the fup- 
porter, or is withdrawn from adlual contadl with it ; 
when the communicator is brought flowly, or when it is 
brought rapidly, into contadl with the fupporter ; the 
effedls are nearly the fame : and a fmart convulfion is, 

in all thefe cafes, produced at the moment of the com- 

[. In many cafes the galvanic energy is excited by Inferences, 
exercife, is exhauded by continued motion, is renova¬ 
ted by red. 

2. The multiplicity of the caufes by which the ex¬ 
periments of galvanifm are liable to be influenced to 
fuccefs or failure, is fo great, that we cannot, as yet, 
be too cautious in either rejedling or believing thefe ac¬ 
counts which we hear of the fuccefs of any fuch expe¬ 
riments ; unlefs when we are able accurately to appre¬ 
ciate all the influencing circumflances. 

3. This is remarkably confirmed by a fadl, which 
the committee have related in their paper, and which 
refpedls the continuation of the galvanic fpafm. 

The communicator being fupported by the hand, * 
and reding, feemingly, without change of pofition, dill 
upon the fame point of contadl, there is known to take 

place a real change in the galvanic contadl, although 
the communicator have remained thus apparently mo- 
tionlefs. 

From this, it may be farther inferred, that the fmal- 
leA poffible change in the relative lituations of the 
parts of the galvanic circle and the excitatory arc, is 
capable of producing an effedl upon the fufceptible a- 
nimal, and of occafioning midakes in regard to the fuc¬ 
cefs of the experiment, if the utmod care be not ta¬ 
ken to notice and edimate every variation that can hap¬ 
pen. » 

4. The truth of the foregoing propofition is farther 
confirmed by the experiments upon the manner in 
which the galvanic movements are affedled by the ad¬ 
vancing or the withdrawing of the communicator. For 
thefe experiments fully evince the neceffity for the mod 
vigilant obfervation of every movement in the procels of 

an experiment, not only collcdlively, but in their fuc- 
ceffion, and at the different periods of the operation. 

5. It ffiould feem that there are, in the formation of 
the excitatory arc, independently of its modes of acling . 
in the galvanic operations, certain enervating, and cer¬ 
tain exciting difpofitions ; of which feme not only 

augment or diminifli the energy in the prefent indance, 
but, befides, difpofe the animal to a greater ora fnmller 
fufeeptibility, under fubfeauent experiments. 

6. In order to accuracy of experiment, and to the 
cor re 61 afeertaining of the effe6ls of an experiment, it 
is of great importance to know the precife date of the 
animal, the manner in which it has been preferved and 

fudained to the prefent moment, the date of the at¬ 
mofphere, particularly as it is indicated by the hygro¬ 

meter* by the barometer, the thermometer, and the 
eledlrometer. 

7. It were to be wiflied, that in making a datement 
of experiments of different forts, thefe ffiould be ar¬ 
ranged in the order of their efficacy, and that there 

might thus be formed a galvanic fcale, which ffiould 
help us to determine the prccife degree of the galvanic 

fufeeptibility^ 
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fufceptibility of any animal in this or that particular 
ftate or pofition, fhould direCt 11s in fubjeCting every 
fuch animal only to experiments fnitable to its particu¬ 
lar fufceptibility ; fhould enable us to eftimate, from 
the efficacy or ineffcacy of our experiments, the galvanic 
value of the circumflances in which we every day find 

ourfelves, and fhould enable us to judge when the fuc- 
cefs or mifearriage of an experiment can afford room 

for certain conclufions abfolutely negative or affirma¬ 
tive. 

IV. In their experiments upon the means of varying, 
diminijhhig, and renewing the fufceptibility of animal bo¬ 

dies to the influence of galvanifm, the committee exa¬ 

mined, 1 ft, the influence of eleCtricity upon that fuf¬ 
ceptibility ; 2d, the cffeCts of the mufcular organs, and 
of certain liquors, fuch as alcohol, the oxygenated mu¬ 

riatic acid, the folutions of potafh and opium, upon the 
galvanic properties ; 3d, and at the medical fchool of 
Paris they made a number of experiments, in order to 
afeertain what new modifications the galvanic energy 
undergoes in various cafes of fuffocation or afphyxia. 
Thefe laft-mentioned experiments were made upon hot- 
blooded animals, of which fonie were reduced into the 
Hate of afphyxia by fubmerfion, fome by ftrangulation, 

fome by the aCtion of gafes, while others were killed 
in vacuo by the difeharge of the eleCtric fpark. In that 

fuffocation which was produced by fulphurated hydro¬ 
genous gas, by carbonic vapours, and by fubmerfion, in 
which the animal was fufpended by the hinder feet, the 
galvanic fufceptibility was entirely deftroyed. The gal¬ 

vanic fufceptibility was only fufpended by fuffocation 
produced by the pure carbonic acid confined under 
mercury. It was diminifhed, but not deftroyed, in 

thofe cafes of fuffocation, which were occafioned by 
fulphurated hydrogenous gas that had loft a portion of 
its fulphur, by gas ammoniac, gas azote, or fuch gafes 
as had been exhaufted of their pure air by refpiration ; 
and the fame thing was found to take place in animals 
which had periffied by total fubmerfion. But the gal¬ 
vanic fufceptibility furvived unaltered in fuffocations 
brought on by fubmerfion in mercury, by pure hydro¬ 
genous gas, by carbonated hydrogenous gas, by oxy¬ 
genated muriatic acid, by fulphureous acid ; as alio 
when the fuffocation was occafioned by ftrangulation, 

by the abftraCtion of the air in the air-pump, or by 
difeharges from an eleClrical battery. The refults of 
the experiments at the medical fchool fuggefted the 
following reflections : 

■. 1. Though it be true that all cafes of fuffocation rt- 
femble one another in the privation of refpirable air, 
and in the fufpenfion of the functions of refpiration, 

and of the circulation of the blood ; yet, in their other 
circumflances, they are fubjeCt to great differences, a- 
rifing from diveriity of nature in the fubftances by 
which they are occafioned. 

2. Of thefe caufes, fome appear to aCt with a more 

thorough efficacy, penetrating at once all parts of the 
nervous and mufcular fyftems. Others again feem to 
aCt but fuperficially, producing only pulmonary af¬ 
phyxia, with its immediate efieCts. 

3. One of the moft remarkable changes not confined 
to the organs of refpiration, confifts in the alterations 
produced on the galvanic fufceptibility. In that re- 

fpcCt the various cafes of afphyxia differ greatly one 
from another. 

4. The ftate of the irritability of the mufcles, when 
examined by means of bodies, the mechanical aCtion of 
which caufes the mufcles to contraCt by irritating them, 
is far from always correfponding to the ftate of their 
galvanic fufceptibility. 

5. Laftly, the caufes of fuffocation or afphyxia, do 
not aCt upon all parts of the mufcular fyllem in the 
fame manner ; but the heart is very often found in a 
ftate extremely different from that of the other mufcles. i5 

V. The comparifon between the phenomena of galva- Compari- 

nifm and thofe of elebiricity is perhaps one of the moft thc 
interefting objeCts or attention in the whole body of*fga}va> 
animal phyfiology. It is well known that Galvani wasnifm with 
accidentally led to his difeovery by obferving the mo-^ofeof c* 

tions of fome frogs, at a certain diflance from an elec- 
trical machine difeharging fparks. The committed from 
the inftftute made, therefore, fome attempts to afeer- 
tain the relations between eleCtricity and galvanifm. 
Having firft paid due attention to the fufceptibility of 
animals toward the influence of eleCtricity, they then 
fought to difeover to what precife degree animals di- 

vefted of the natural covering of the epidermis were 
liable to be affeCted by the variations of the electrical 
fluid in the atmofphere around them. Next, comparing 
the fufceptibility of electricity with the fufceptibility 

of galv^’iifm, they perceived that quantities of the elec¬ 
trical fluid, fuch as are ftill capable of being very accu¬ 
rately meafured by the electrometer, are, however, of¬ 
ten too weak to aCt upon a fro^ that retains the molt 
pcrfeCl fenfibility to all the energy of galvanifm. The 

members of the committee purpoie to profecute farther 
their experiments upon this part of the fubjeCt. Iy 

VI. The following are the general refults of the ex-Refults of 
periments made by M. Humboldt in the prefence off;mr“ exPe- 

the committee : 
1. There is no truth in the aflertion of certain phy-A 

fiologifts, that the experiments of galvanifm fail when 
tried upon the heart and thofe other mufcles of which 
the contractions depend not upon volition ; for thefe 

organs have been found to be aCtually fubjeCt to the 
influence of galvanifm (d). 

2. The effeCts of galvanifm are liable to be inter¬ 
rupted by the conftriCtion of a nerve, whenever both 

the nerve and the conftriCting ligature are enveloped in 

the flefli of the animal body (t). 
3. The powers of the exciting arc may be renova¬ 

ted or deftroyed, even though its fupporters remain the 
fame, and although the extremities of the arc be un¬ 

changed. Only the relations of the intermediate mat¬ 

ters require to be altered. 
4. There are atmofpheres of galvanifm. 
5. There are fubftances which, though in an emi¬ 

nent manner conductors of eleCtricity, yet interrupt the 

motions of galvanifm. 
M. Humboldt had performed alfo other experiments 

which, 

riments by 
Humboldt. 

(d) This was demonftrated fix years ago by Dr Fowler. 

(e) Dr Valli made this obfervation foon after the difeovery of galvanifm. 
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which, when he attempted to repeat them before the 

committee, could not be brought to fucceed, on ac¬ 
count, as was fuppofed, of the feafon of the year. 

Such are the principal refults of this valuable train 
of experiments upon galvanifm. From them our read, 
crs will perceive that this interefting fubjed is ft ill ve¬ 
ry imperfedly underftood, and will form fome idea of 
the importance of the difcovenes which a diligent pro- 
fecution of it promifes to the philofopher and the pliy- 

18 fician. 

^vmifrn ^he effeds of galvanifm upon fome of the organs of 

upon fome fen^e aie 110 ftriking than thofe which we have feen 
of the or- ^ capable of producing upon the mufcles. 
pans of If th,e upper and under furfaces of the tongue be 

coated with two different metals, and thefe be brought 

into contad with each other, a peculiar fenfation, re- 
fembling tafte, is produced in the tongue the moment 
that the metals touch each other. With the greater 

number of metals this fenfation is fcarcely perceptible ; 
but with zinc and gold, zinc and lilver, or zinc and 
molybdena, it is very ftrong and difagreeable. Dr 

Fowler thinks it is ftrongeft with zinc and gold ; to us 
it appears a good deal ftronger with zinc and lilver. It 
is fenfibly ftronger when the zinc is applied to the up¬ 
per, and the lilver to the under furface of the tongue, 

than when this order is inverted. The fenfation is moil 
diftind when the tongue is of the ordinary temperature, 
and the metals of the fame temperature with the tongue. 
Any confiderable increafe or diminution of heat in ei¬ 
ther greatly kfTens the effed. Mr Sublir of Berlin, in 
his Tbeorie des Plaifers, p. 155, (publifhed in 1767) 

takes notice of the difagreeable tafte produced by fil- 
ver and lead in contad upon the tongue. This is the 
firlHnftance of galvanifm that had been made public. 

To enfure complete fuccefs to the experiment, the 
metals ought to be allowed to remain fome time in con- 
tad with the tongue before they are made to touch 
each other, that the tafte of the metals thcmfelves may 

not be confounded with the fenfation produced by their 
mere contad. Whatever has a tendency to blunt the 
fenfibility of the tongue, as opium, alcohol, acids, and 
the like, diminifhes the effed of the metals. 

It is difficult to deferihe the fenfation thus produced 
accurately. It has been called fubucid; but we think 
it more nearly refemhles the effed produced by allow¬ 
ing a grain or two of nitre to lie upon the tongue for 
fome time, than any other tafte with which vve are ac¬ 

quainted.. Joined to this, there is evidently a metallic 
tafte, whicn varies with the metal employed ; but we 
are inclined to confider this as the ordinary effed of 

the metals upon the tongue, which cannot he perfedly 
d iff in gu ifhed from that occafioned by their mutual con- 
tad. 

This tafte can alfo be produced by applying one of 
the metals to the tongue, and the other to any part of 
the Schneiderian membrane. Profeffor Robifon has 

made many experiments of this kind, the refult of which 
is contained in a letter to Dr Fowler. “ I ffnd (fays 
he), that if a piece of zinc be applied to the tongue, 
and be in contad with a piece of filver which touches 
any part of the lining of the mouth, noftrils, ear, ure¬ 

thra, or anus, the fenfation refembling tafte is felt on 
the tongue. If the experiment be inverted, by apply¬ 
ing the diver to the tongue, the irritation produced by 

the zinc is not fenfible, except in the mouth and the 
Suppl. Vol. I. Part II. 
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urethra, and is very flight. I find the irritation by 

the zinc ftrongeft when the contad is very dight, and 
confined to a narrow fpace, and when the contad of 

the filver is very extenfive, as when the tongue is ap¬ 
plied to the cavity of a filver fpoon. When the zinc 

touches in an extenfive furface, the irritation produced 
by a narrow contad of the filver is very diftind, efpe- 
cially on the upper fide of the tongue, and along its 

margin. This irritation feems to be mere pungency, 

without any refcmblance to tafte, and it leaves a balling 
impreilion like that made by cauftic alkali. 

When a rod of zinc, and one of filver, are applied 
to the roof of the mouth, as far back as pofiible, the ir¬ 
ritations produced by bringing their outer ends into 
contad arc very ftrong, and that by the zinc refembies 
tafte in the fame manner as when applied to the tongue.” 

M. Volta found, that when a tin cup, filled with an 
alkaline liquor, is held in one or both hands previouffy 

moiftened with water, if the point of the tongue is dip¬ 
ped in the liquor, an acid tafte is perceived. This is 
at fir ft diftind and pretty ftrong, but gradually yields 
to the alkaline tafte of the liquor. The acid tafte is 
ftill more remarkable, when, inftead of an alkaline li¬ 
quor, an inlipid mucilage is made ufe of. The fame 
philofopher found, that when a cup made of tin, or, 

what is better, of zinc, was filled with water, and pla¬ 
ced upon a filver fupport, if the point of the tongue 

vyas applied to the water, it was found quite infipid, 
till he laid hold of the lilver fupport, with the hand 

well moiftened, when a very diftind and very ftrong 
acid tafte was immediately perceived. 

If one of the metals be applied to the tongue, and 
the other to the bail of the eye, a pale luminous flafh 
is perceived when they are brought into contad with 
each other, and the fenfation refembling tafte is at the 
fame time produced in the tongue. A flafh is, in like 

manner, produced when one of the metals is applied to 
the eye, and the other to any part of the palate, fauces, 
01 mfide of the cheek. This experiment requires a 
good deal of attention in the performance; care muff: 
be taken not to prefs the piece of metal agaiuft the ball 

of the eye, left a flafh fliould be produced by the mere 
mechanical preffure. It fliould be cautioufly introdu¬ 
ced between the eye-lids, till it juft touch any part of 
the ball ; and it fliould be allowed to remain in that fi¬ 

xation for fome time before it is brought into contad 
with the other piece of metal, that the paits may be fo 
far accuftomed to it as to admit of the ienfations pro¬ 
duced being properly attended to. The experiment fuc- 
ceeds very well with tin and filver ; but the flafh is more 
bright when zinc and gold are ufed. The piece of 
metal which is applied to the ball of the eye mull be 

finely poliflied, othervviie the mechanical irritation is 
fometimes fo great as to prevent the flafh from being 
perceived. Dr Robifon has obferved, that the briVht. 
nefs of the flafh correfponds with the extent of contad 
of the metal with the tongue, palate, fauces, or cheek. 

If a piece of one of the metals be placed as high up 
as pofiible between the gums and the upper lip, and 
the other in a fimilar fituation with refped to the un¬ 
der lip, a very vivid flafh of light is obferved at the 

moment that they are brought into contad, and ano¬ 
ther at the inftant of their feparation. While they re¬ 
main in contad, no flafh is obferved. 7 

When a rod of filver is thruft as far as pofiible up 
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682 GALVANISM, 
one of the noftrils, and then brought into contaft with 
a piece of zinc placed upon the tongue, a very ftrong 
flafh of light is produced in the correfpondiug eye at 
the inftant of coutaft. We have fometimes imagined 
that the flafh in this experiment was produced before 
the metals aftually touched ; but in this we may have 

been deceived. 
The following cuiious experiment was firft made by 

Profeffor Robifon : “ Put a plate of zinc into one cheek, 
and a plate of filver (a crown piece) into the other, 

at a little diftance from each other. Apply.the cheeks 
to them as extenfively as poflible. T hr nil in a rod of 

zinc between the zinc and the cheek, and a rod of Sil¬ 
ver between the filver and the other cheek. Bring 
their outer ends flowly into contad, and a fmart con- 
vulfive twitch will be felt in the parts of the gums fitu- 
ated between them, accompanied by bright flafhes in 

the eyes. And thefe will be diftindly perceived before 
contad, and a fecond time on feparating the ends of 
the rods, or when they have again attained what may 
be called the Jiriking dijiance. If the rods be alternated, 
no effect whatever is produced.”—The flafhes produ¬ 
ced in this laft experiment are rather more vivid than 
any which we have been able to excite by the other me¬ 
thods. The convulfive twitches are very diftind, and 
fomewhat painful, but quite different from the fenfa- 
tion produced by an eledric fhock. If the edges of 
the tongue be allowed to touch the plates of metal in 
the cheeks, the fenfation refembling tafle is felt very 

ftrongly ; but this does not iu the lead impair the o- 

ther effeds of the experiment. 
No method has yet, we believe, been difcovered of 

applying the galvanic influence fo as to affed the fenfes 
of fmelling or hearing. We have tried many experi¬ 
ments with this view, chiefly on the organs of fmelling, 
but hitherto without any fuccefs (f). Neither has the 
fenfe of touch been affeded by it, unlefs, indeed, the 
following experiment be confidered in that view : Let 
a fmall portion of the cuticle be removed from any part 
of the body by a fharp knife, and carry the incifion to 
fuch a depth that the blood {hall juft begin to ooze 

from the cutis vera. Let a piece of zinc be applied 
here, and a piece of filver to the tongue; when they are 
brought into contad, a very fmart irritation will be felt 

at the wound. 
Some very Angular fads of this kind have been dif¬ 

covered by M. Humboldt, who "had the refolutioH to 
make himfelf the fubjed of many well-devifed experi¬ 
ments. One of the moft remarkable of thefe is the fol¬ 
lowing : He caufed two bliftering plafters to be applied 

on the deltoid mufcle of both his ovvn flioulders. When 
the left blifterwas opened, a liquor flowed out, which 
left no other appearance on the ikin than a flight varnifti, 
which difappeared by wafliing. The wound was after¬ 
wards left to dry up : this precaution was neceffary, in 

order that the acrid humour which the galvanic irri¬ 

tation would produce, might not be attributed to the 
idiofyncrifis. of the veffels. This painful operation was 
fearcely commenced on the wound, by the application 
of zinc and iilver, before the ferous humour was dii- 
charged in abundance ; its colour became vifibly dark 

in a few feconds, and left on the parts of the ikin where 
it palled traces of a brown inflamed red. This humour 
having defeended towards the pit of the ftomach, and 
flopped there, caufed a rednefs of more than an inch 
in furface. The humour, when traced along the epi¬ 
dermis, left ftains, which, after having been vvalhed, ap¬ 
peared of a bluiih red. The inflamed places having 
been imprudently waihed with cold water, increafed fo 

much in colour and extent, that, M. Humboldt, as well 
as his phyfician Dr Schalleru, who aflifted at thefe ex¬ 

periments, entertained fome apprehenfion for the confe- 

quences. # » 
Having now taken notice of the principal fads that 

are hitherto known in galvanifm, we proceed to confi- 

der fome of the leading opinions on the fubjed. 19 
The firft writers upon the difeovery of Galvani feem Phenome- 

almoft univerfally to have taken it for granted, that the"^of gain* 

phenomena depend on the ele&ric fluid; and leaving tliis™;^ “0p're> 

very important queftion behind them,, proceeded to ex^fult frome- 
plain how this fluid produces fuch effeds. The celebra-iearicityj. 

ted difeoverer of this influence himfelf confiders a mufcle 
as the perfed prototype of a Leyden phial. When a 
mufcle contrads upon a connedion being formed, by 
means of one or more metals between its external fur- 
face and the nerve which penetrates it, M. Galvani 
contends, that, previoufly to this effed, the inner and 
outer parts of the mufcle contain different quantities of 5 

the eledric fluid ; that the nerve is confequently in the , jj 
fame flate, with refped to that fluid, as the internal fub- J I e3 
{lance of the mufcle ; and that, upon the application of 
one or more metals between its outer furface and the 
nerve, an eledrical difeharge takes place, which is the 
caufe of the contradion of the mufcle. Thus the nerve 
is fuppofed to perform the office of the wire connected 
with the internal furface of the phial; and the excita¬ 

tory arc is confidered merely as a condudor. 
This theory appears to us juft as incapable of ex¬ 

plaining the phenomena of galvanifm as it is inconfiftent 

with the known laws which regulate the motions of the 
eledric fluid. We (hall not confider it minutely ; for 
we hope it will foon appear highly probable, if not cer¬ 
tain, that the eledric fluid has no (hare in the produc¬ 
tion of the phenomena in queftion. If this be the cafe, 

all the different modifications of that theory mull of 
courfe fall to the ground. At prefent we fliall content 

ourfelves with afking the following queftions : 20 
1. How is it poflible for the eledric fluid to be con-Thl-sfuppo 

denfed in a mufcle, which is wholly furrounded by fub-fition ill 
fiances capable of conduding that fluid ? . founded. 

2. If we fuppofe there is. fome non-defeript non-con- 

duding fubftance placed between the external and.in¬ 
ternal 

(f) Profeffor Robifon has long ago obferved, that the flavour of a pinch of fnuff. taken, from a box made of 
tin-plate, which has been long in ufe, fo that the tin coating is removed in many places, is. extremely different 
from that of fnuff when taken from a new box, or a box lined with tin-foil. The fame difference is obferved 
when we rub a piece of pure tin, or of pure, iron and a half worn tinned plate, with the finger. A.lfo, if we 
rub a caft fteel razor, and a common table knife confiding of iron and fteel welded together. This is furely 

©wing to a caufe of the fame kind. 
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ternal parts of a mufcle, which may admit of the one 

being pofitively, and the other negatively electrified at 
the fame time—how comes it to pafs that a difcharge 
does not take place, and a confequent contraction en- 
fue, when any fubftance whatever, capable of conduc¬ 

ting the eledric fluid, is interpofed between the nerve 
and the external furface of the mofcle ? For example, 
when the nerve and mufcle are laid bare, and the ani¬ 
mal thrown into water ; or when the nerve is cut 
through, and the end applied to the external furface of 
the mufeles. 

3. How does it happen, when one difcharge actual¬ 
ly takes place, in coufequence of the application of 
the excitatory arc, that the balance is not inilantly re- 

ftored ? That this does not happen, appears by the 
fame mufcle and nerve being capable of producing many 
hundreds of fimilar, and equally ftrong difcharges, with¬ 

out any apparent means of the equilibrium being again 
dift urbed. 

We have never feen any anfwers to thefe queftions 
which appeared to us at all fatisfadory ; and till we 

have feen them anfwered, we mufl be excufed for disbe¬ 
lieving M. Galvan i’s theory. 

One of the earlieft writers, and one of the mofl af- 

fiduous inveftigators of the phenomena of galvanifm, 
is Dr Valli. He differs in opinion from Galvani upon 
feveral points ; but agrees with him in thinking eledri- 
city and galvanifm the fame. Let us confider the proofs 
by which he fupports this dodrine. 

“ I have afferted (fays he), that the nervous fluid is 
4I the fame with eledricity, and with good reafon ; for 

Proofs by “ Subftances which con dud eledricity are condudors 
which Valli likewife of the nervous fluid. 

endeavours u Subftances which are not condudors of eledricity 

do not condnd the nervous fluid. 

“ Non-conduding bodies, which acquire by heat the 

property of conduding eledricity, preferve it likewife 
for the nervous fluid. 

“ Cold, at a certain degree, renders water a non-con- 
dudor of eledricity as well as of the nervous fluid. 

“The velocity of the nervous fluid is, as far as we 
can calculate, the fame with that of eledricity. 

“ The obftacles which the nerves, under certain cir- 

cumftances, oppofe to eledricity, they prefent likewife 
to the nervous fluid. 

“ Attradion is a property of the eledric fluid, and 
this attradion has been difeovered in the nervous fluid. 

“ We here fee the greateft analogy between thefe 
fluids ; nay, I may even add, the charaders of their 
identity.” 

That there is a confiderable analogy between fome 
of the effeds of the eledric fluid and fome of the phe¬ 
nomena of galvanifm, we readily admit ; but that “ the 
charaders of their identity” are anywhere to be found, 
we absolutely deny. In the above pattage, Dr Valli 
confiders it as certain that the nervous fluid is the caufe 
of the phenomena difeovered by Galvani. But it has 
never been demonftrated irrefragably, that any fuch 
thing as a nervous fluid exifts, and ftill lefs that this is 
the fame with the influence difeovered by Galvani. 

That bodies are, in general, condudors or non-con- 
dudors of galvanifm, according as they are condudors 

or non-condudors of eledricity, we believe to be true ; 
but this rule is by no means without exception, as it 

certainly would be, if galvanifm and eledricity were the 

to fupport 

Id conclu¬ 

sive and 

A N I S M. 
fame. T^ere is an experiment of Dr Fowler’s, which 
feems to fliew that water is a more powerful conduc¬ 

tor of galvanifm than mercury ; though the reverfe is 
generally allowed as to eledricity. 

If the abdomen of a frog be filled with water, and a 
fiJver probe patted through it fo as to touch the fciatic 
nerves, no contradions are produced ; neither do they 

appear when the probe is touched above the furface of 
the water with a piece of zinc. But if the zinc be ap¬ 
plied to the probe at the furface of the water, contrac¬ 

tions are produced as vigorous as if both the metals 
touched the nerve. Here the water ferves as a con¬ 
duding medium between the nei ves and the point where 
the metals touch each other: but if the abdomen be 

filled with mercury inftead of water, no contradions 
are produced by applying the fdver probe to the nerves, 
and touching the probe with the zinc at the furface of 
the mercury. We do not fee how this experiment can 
be accounted for, except by allowing that water is a 
more powerful couduftor of galvanifm than mercury. 

If this experiment fhould be thought inconclufive, we 
have the authority of M. Humboldt, and of the Commit- ‘ 
tee of the National Iuftitute of France, tor faying that 
there are fubflances which, though in an eminent manner 

condudors of eledricity, yet interrupt the motions of 
gal van it m. This is certainly fufficient to take away all 
weight from Dr Valli’s two'firft reafons for confideriiur 
thefe two fluids as the fame. viz. that all condudors of 
eledricity are likewife condudors of galvanifm ; and 
that all bodies which do not condud the former are 

alfo non-condudors of the latter. Thefe two are by 
far the molt important of his reafons ; and if they were 
true in their full extent, they would certainly fhew a 
very (hiking analogy, though they would by no means 

deferve the appellation of “charaders of identity.” 
As to the Dodor’s two next proportions, which re¬ 

gal d the effeds of heat and cold in rendering bodies 
condudors or non-conductors, they are, in fad, only 
branches of the two firft ; and as we have feen that thefe 
are not univerfally true, we might admit that they are 
corred m this particular, without weakening our argu¬ 

ment. For this reafon we (hall not confider them mi¬ 
nutely ; but we may obferve that Dr Fowler's experi¬ 
ments fhew that boiling water, and water cooled down 

to the freezing point, both condud this influence as 
well as water at the ordinary temperature of the atmo- 
fphere. If any change in the conduding power takes 
place beyond thefe points, it may with greater probabi¬ 
lity be afenbed to the changes of form which the water 

undergoes, than to the increafe or diminution of its 
temperature. 

We confefs ourfelves perfedly ignorant of any data 
upon which Dr Valli could .found a calculation, the re- 
fult of which could fhew that the velocity of the ner¬ 
vous fluid is the fame with that of eledricity. Suppofe 
we fhould take it into our heads to affert that the velo¬ 
city of galvanifm is the fame with that of light, we ap¬ 
prehend our author could not eafily demonftrate the 
contrary. Neither, in all probability, would he confider 
this affertion of ours as k fufficient proof t-h&Lgalvamim 
and light are the fame. f 

With regard to the next propofition, that “ the ob- 
ftacles which the nerves, under certain circumftances, 
oppofe to ele&ricity, they prefent likewife to the ner¬ 

vous fluidwe may remark, that any obftacle which 
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- deflroys the fundions of a nerve completely, will pre¬ 

vent the mufcles which are fupplied by that nerve from 
contrading upon the application of any flimulus what¬ 
ever (g). It does not, however, by any means follow, 
that the paffage of either the galvanic or the eledric 
fluid is prevented. The nerves may ftill be very good 
conductors of both, though the mufcle is deprived of all 
power of contracting. That there are obflacles, how¬ 
ever, which the nerves, under certain circumftances, pre- 
fent to the paffage of eleCtricity, but which they do 
not under the fame circumitances prefent to galvanifm, 
we think abundantly demonitrated by Dr Valli’s own 

experiments. 
Inconfiftent “ I have frequently obferved (fays he) that the legs, 
with his the nerves had been tied at a certain diitance 

rinients'6" the mufcles, did not feel the aftion of a certain 
’ quantity of artificial eleftricity, although they were vio- 

lently convulfed by exciting that which was inherent 
• and peculiar to them.” What then was the caufe of 
the difference obferved in thefe cafes between the effeCts 
of galvanifm and eledrieity ? Was it, that the quantity 

or degree of the former exceeded that of the latter ? 

Be it fo. 
. Dr Valli informs us, that in his experiments, an elec¬ 
tric charge which could fiafh through a thicknefs of 
air equal to .035 of an inch, produced no movement 
in the leg of a frog of which the crural nerve was tied, 
while the other leg, of which the nerve was left free, 

underwent confiderable movements. 
That the influence difcovered by Galvani can pafs 

through an exceeding thin plate of air, is certain, as it 

is tranfmitted from link to link of a chain, where no 
confiderable force is ufed to bring the links into con- 
tad. Dr Robifon’s experiment, too, in which the 

flafhes of light are diflindly obferved before the rods 
of iilver and zinc touch each other, is another proof of 

the fame fad ; and, if we be not deceived, the fame 
thing takes place when a rod of filver tliruft up the 

noftril is applied to a piece of zinc in contad w ith the 
tongue. But that it wilt only pafs through an exceed¬ 

ing thin plate of air, any man may convince himfetf by 
an experiment firft tried by Dr Fowler, which is eafily 
repeated. If a flick of fealing-wax be coated with tin- 
foil, it will be found a very good condudor ; but if, 
with a fharp pen-knife, an almofl imperceptible divifion 
be made acrofs the tinfoil, even this interruption of 

continuity in the conductor will be found fufficient ef¬ 

fectually to bar the paffage of galvanifm. 
We hnd, then, that a quantity of the eledric fluid 

which can pafs through a plate of air of the thicknefs 
of .035 of an inch, is obftruded by a ligature upon a 
nerve, while the galvanic influence paffes readily along 
;i nerve included in a ligature, but is obftruded com¬ 

pletely by making an almofl imperceptible divifion in 
a good condudor. The plate of air in this cafe furely 

is not near .035 of an inch in thicknefs. It refults in- 
conteftibly, from a comparifon of thefe two experi¬ 
ments, that there is, between thefe twro agents, fome 
other difference belides the mere degree of intenfity. 

We come now to the laft reafoii which our author 

afiigns for his belief that galvanifm, or, as he choofes 
to call it, the nervous fluid, is the fame with eleCtricity. 
It will be found a very important one. That property 

by which bodies charged with the eledric fluid attrad 
or repel other bodies, according as they are in the fame 
or the oppofite date of eledlricity from themfelves, is fo 
linking, and at the fame time fo Univerfal, that it lias 
been very properly adopted as the meafure of this fluid. 

If it were true, then, that the galvanic influence pof- 
feffed the fame properties of attraction and repuliioii as 
the eledric fluid, this circumftance would certainly in- 
creafe the analogy between them very much. As we 
have already feen, however, that they differ in other ef- 

fential points, even if it were true that they agreed in 
this, it could conftitute no proof of their identity. But 
if, on the other hand, we fhould find that this afler- 
tion of our author is founded on error, and that the 

galvanic influence poffeffes in no degree whatever thofe 
properties of attradlion and repulfion which have al¬ 

ways been juftly confidered as efiential charadleriflics of 
the eledlric fluid, we fhall then be fully juftified in af- 
ferting, that thefe two agents, however much they may 
refemble each other in fome lefs important particulars, 

are in their nature totally diftindl and unconnected. *4 # 
Let us examine the proofs by which Dr Valli’s 

fertron is fupported. He tells us, that he obferved the 
hairs of a moufe, attached to the nerves of frogs, byie&ricity. 
the tinfoil with which he furrounded them, alternately 

attradled and repelled by each other, whenever another 
metal was fo applied as to excite contractions in the 
frogs. We are-very far from meaning to infinuate that ^ 

Dr Valli did not fee, or think he faw, what he thus de- 
feribes ; but that the motion of the hairs muft have 
arifen from fome caufe, different from that to which he 
aferibed it, cannot admit of a doubt; for hairs, in fuch 
a ftate of eleClrieity as he fuppofes, never attraCl, but 

always repel each other. 
Dr Fowler, who has paid particular attention to this 

part of his fubjeCl, has many times repeated this expe¬ 
riment, both in the maimer deferibed by Dr Valli and 
with every variation in the difpofition of the hairs which 
he could devife : but whether they were placed on the 
metals, the nerves, or the mufcles, or upon all.at the 
fame time, he has never in any inflance been able to ob- 

ferve them agitated in the flighted; degree. He has 
made fimilar experiments upon a dog, and upon a large 
and lively fkate, by difpofing, in the fame way that Valli 

did the hairs of a moufe, flakes of the fineft flax, fwan- 
down, and gold leaf: but although the contradions^ 
produced in the fkate, by the contad of the metals,, 

were fo llrong as to make the animal bound from the 
table, not the lead appearance of eleClrieity was indica¬ 
ted, He next fufpended from a flick of glafs, fixed in 
the ceiling of a clofe room, fome threads, five feet in 
length, of the flax ufed in the former experiment ; and. 
brought fome frogs recently killed, and infulated upon 
glafs, as near to them as poflible without touching : 

but the threads were in nowife affeded by the contrac¬ 

tions produced in the frogs. 
In a very ingenious paper upon galvanifm by Dr 

Wells, 

(g) We do not here mean that contradion which mufcles are fufceptible of long after death, upon having their 
fibres mechanically irritated, which is produced by what pliyfiologifts have called the vis itflta, and which is per- 
fedly known to our cooks, as it was to their predeceffors in the Roman kitchens, as the foundation of the art o£ 

crimping. We at prefent confine ourfelves to contradion produced through the medium of the nerves. 
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*5. Weil?, which is publifhed in the London PhilofophJcal 

ofeDr°Wefi8Tl?lI}faa;on8 for x795» tha* gentleman maintains the 
mi the opinion, that the influence difcovered by Galvani is e- 
ftjTurfub- lc&rical. He admits, that it is not attended with thofe 
jeifl:, appearances of attraction and repulfion which are held 

to be the tefts of the prefence of ek&ricity ; but he 
contends, that “ neither ought hgns of attraction and 

repulfion to be in this cafe prefented on the fuppofition 
that the influence is eleCtrical ; fmce it is neceiTary, for 
the exhibition of fuch appearances, that bodies, after be¬ 

coming eledtrical, fhould remain fo during fome fenfible 
portion of time; it being well known, for example, that 
the paflage of the charge of a Leyden phial, from one 
of its furfaces to the other, does not affed the mod de¬ 
licate electrometer, fufpendtd from a wire, or other fub- 

*6 (lance, which forms the communication between them.” 
Inconclu- That the charge of a Leyden phial does not, in paf- 

vrife. C~ fJnF alon& a wire> affea an eleCtronieter, is certain ; and 
it is equally true, that we have no means of applying an 
electrometer to a quantity of galvanifm in a date of 
reft in a body. If this influence ever exifts in fnch a 
ftate, we have no teft by which we can difeover its pre¬ 
fence ; and it is only from the efteCts which it produces 
in tranfitu that we know' of its exiflence. But the elec¬ 
tric fluid, in pacing from link to link of a chain, fen- 

fib ly affeCts an eleCtrometer ; and in Dr Powder’s expe¬ 
riment with the fkate, for example, as more than one 
piece of metal is employed as an exciter, the fluid, in 
pafllng from one piece to another, Ihould have affeCted 
the. light fubftances which were placed upon them. 
This appears to us a fufficient anfvver to the objection 
ftarted by Dr Wells : but the fame objection having 
been lately made to us by a gentleman from whom we 
lhail always receive every fuggeftion with uncommon 
deference, we thought it worth while to try the follow¬ 
ing experiment: 

Three hours after a frog had been decapitated, it 
(hewed ftrong figns of galvanic fufeeptibility. One of 
the fciatic nerves being coated with tinfoil in the ufual 
manner, the leg was laid upon a plate of zinc. A gen¬ 
tleman was delired to lay hold of the nerve and its coat¬ 
ing with, the fingers of one hand, which had been pre- 
vioufly dipped in water, while with the other hand, alfo 
wet, he held the end of a fmall brafs chain about two 
inches in length. Another gentleman now took hold 
of the other end of the chain, and, with a filver probe, 
held in his other hand, touched the plate of zinc. The 

influence being thus made to pafs through the chain, 
the leg contracted vigoroufly ; but a very fenfible elec¬ 
trometer, held fo near to the chain as almoft to touch 
it, was neither attracted nor repelled. In performing 
this experiment, it was neceflary to have the hands wet, 
as the dry cuticle tends much to obftruCl the paflage of 
galvanifm ; but the utmoftcare was taken that the chain 
fhould be perfedly dry, olherwife the influence might 

have been tranfmitted by the moifture upon its furfaee 
without paffing through the chain itfelf. 

To avoid the poffibility of this happening, the expe¬ 
riment was varied in the following manner : The frog’s 
leg was laid upon a plate of zinc, and the nerve upon a 
plate of filver. A gentleman now took a filver probe, 

and one end of the brafs chain in contad with it, in 
one hand ; and in the other hand he held the other end 
of the chain in contaCl with a rod of zinc. He now 

touched the filver plate with the rod of filver, and the 
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zinc plate with the rod of zinc. As the influence was 
not now to be made to pafs through his body, there 

was no neceflity for his hands being wet ; the whole ex¬ 
citatory arc was therefore made completely dry. In 

this way very ftrong contractions were excited in the 
leg, and ft ill the eleCtrometer was not affeCted in the 
fmalleft degree when brought near the chain. 

It is proper to obferve, that Dr Valli, in his affertion 
that attraction is a property of galvanifm, does not reft 
entirely upon his own obfervation : a committee of the 

Academy of Sciences at Paris performed the following 
experiment along with him : “ Tftey placed a prepa¬ 

red frog in a vtffel which contained the eleCtrometer of 

M. Coulomb, charged negatively and pofitively by turns. 
In both cafe?, in exciting the animal in the common 
way, the ball of the eleCtrometer was attracted.” It 
appears to us that Dr Valli and the committee have 
been deceived by the friCtion produced by the motion 
of the animals under their experiments having excited 
fo much elearicity as to affeCt the eleCtrometer. The 
lirft time we tried the experiment abovementioned with 
the brafs chain, we were almoft milled by a limilar cir- 

cumftauce. Inftead of an artificial eleCtrometer, which 
we happened not to have at hand, we made ufe of a 
very long and (lender human hair ; and we found that 
it was ftrongly attracted by the chain. Upon an at¬ 
tentive examination, however, we' found that this did 
not arife from the a&ion of the influence palling thro* 
the chain, but from the ftate of the hair itfelf, which 
was fo highly eleCtrical as to be ftrongly attracted by 
every conducting fubftance which it approached. Upon 
fubftituting another hair, which (hewed no mark of be¬ 
ing either pofitively or negatively ekCtrified, it was nei¬ 
ther attracted nor repelled by the chain. From the a- 

bove, or fome fimilar circumftance, it is probable that 
Dr Valli s miftake has originated ; but we are confident, 
that whoever will repeat the experiment with fufficient 
attention, will find the refult precifely as we have de- 
feribed it. 

Perhaps it may dill be faid, that although we have 
never been able to difeover attraction and repulfion as 
properties of galvanifm, this may arife from our not be¬ 

ing a ole to accumulate this influence in fufficient quan- ^ 

tity• this reafoning, if reafoning it can be called, Demonftra* 
we oppofe the following confideratioris, which ftate a tion, that 
diffiiuilarity in the phenomena of electricity and galva-the Pheno- 

nifm, that feems abfolutely irreconcileable with themina?£ 
identity of the caufe. 

jNotiung is more completely eftablifhed in the fcience^rkity re- 
of eleCtricity than this, that all thofe appearances whichfult not 
vve call attractions, repuljions, ah fir aft ions, and accumulator °m 
tion of eleftricfluid, are precifely fimilar to what would amccaue* 
be the appearances, if elcdricity were a fluid, whofe 
particles repel each other, and attraCt the particles of 
other matter, according to a certain law (See Elec¬ 
tricity, SuppL). Of all thofe phenomena, the moft 
remarkable is the accumulation of eleCtnc energy (to 

give it no more definite name), by means of thin idio- 
eleCtrics, coated with non-ele&rics ; fuch, namely, as 

are exhibited by the Leyden phial, the condenfer, the 
doubler, &c. 

If the phenomena of galvanifm are produced by the 
paffage of ekaric fluid from one extremity of the ex¬ 
citatory arc to the other, this paflage will be regulated 

by the known laws of ekaricity. It may therefore be 

accumulated 
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accumulated (In tr&nfitu) by means of an apparatus fi- 
vnilar to the coated pane, or to the condenfer. Profef- 

for Robifon, with this view, made the following expe¬ 

riments : 
i. He made a part of the conductor to his conden¬ 

fer, or collector of atmofpheric ele&ricity, conlift of a 
long glafs rod, on one fide of which was faftened 
(with varnifh) a very narrow Hip of tinfoil; there was 
a fine point at one end of this rod, and a gold leaf 
electrometer at the other. This apparatus was in¬ 
flated at one end of a room 19 feet long, having a 
window in the middle of each fide. A fmall eleClric 
machine was placed at the other end. Oh a dry day, 

with a gentle breeze in a direction acrofs the room, 
both windows were opened a little way, fo that there 
was a continual dream of air acrofs the room. The 
machine was worked ; and after a fliort time had elap- 
fed, the electrometer began to diverge, gradually open¬ 
ed, and at lad druck the conducting dips on each fide, 
and then collapfed, and again began to diverge. The 
windows were (hut; and immediately, without working 
the machine, the eleCtrometer diverged rapidly, and 
touched the fides of the phial every minute and half. 
This continued fo long, that there feemed to be no end 
to it. The Profeffor now made a cut acrofs the tin- 
foil with a very (harp knife ; the eleCtrometer now di¬ 

verged very feebly, and 7! minutes elapfed before it 
touched the fides. He palled the knife a fecond time 
through the cut. This widened it (though fcarcely 
fenfible to the eye), becaufe the knife had been blunt¬ 
ed by the glafs in the firll operation. All divergency 
of the electrometer was now at an end ; and although 
the machine was worked till the eleCtric fmell was fen¬ 
fible at the door to a perfon who happened to come in 
at this time, no tendency to divergence was obferved* 
(N. B. the top of the eleClrometer had no conducting 

fubftance about it, except the Hip of tinfoil). 
The cut, being examined with a microfcope furnifh- 

ed with a micrometer, was of an inch. It was 
now filled up, by binding over it another flip of tin- 

foil. A plate of talc, whofe thicknefs did not exceed 
the 900th of an inch, was coated on one fide in a circle 
of 14- inch diameter. The eleCtrometer was removed, 
and the coated fide of the talc was put into clofe coh- 

taCl with the flip of tinfoil on the glafs rod. A Hand 
of tin, whofe top was a plate of i4 inch diameter, 
fmeared over with mercury, was placed in contaCt with 

the other fide of the talc, and they were prefled into 
very clofe and continuous contaCl. 

The machine being now worked, the coated talc re¬ 
ceived a charge in about 5 minutes fufiicient to give a 
very fmart (hock : and this was repeated with great re¬ 
gularity every five or fix minutes. The windows were 
now thrown open, and the room cleared of its for¬ 
mer contents of air, till none of thofe prefent could 
perceive any eleCtric fmell. The machine was now 
worked again. But after half an hour, only a very 

faint twitch was felt 5 but enough to (hew that an ac- 
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cumulation was taking place. The windows were now 
half (hut. After working the machine about five mi¬ 
nutes, a faint twitch was obtained ; after a quarter of 
an hour more, there was a moderate fhock. 

In this ftate of things, the apparatus was examined 
as a condenfer, by firll taking out the (harp point by 
an infulating handle, and then removing the tin Hand. 
Examined in this way, it appeared plainly that, even 
when all the windows were open, the accumulation be¬ 
gan almoil as foon as the machine was worked. Nay, 
it was found, on another day equally favourable, that 
a plate of talc or of an inch thick, took a 
charge, although a cut of wide did not allow the 
eleCtricity to fly acrofs it. This is perfeftly fimilar to 

all our experiments on coated glafs. The thicknefs 
which admits an accumulation is almoil incomparably 
greater than the dillance to which a fpark will fly, of 

a concufiion is producible, in the fame intenfity of e- 
leClricity. 

2. The above deferibed apparatus was infulated, and 
a wire coune&ed with each end. To one wire was join¬ 
ed a thin plate of lac, coated on the fide next the wire; 
and to the other a piece of moiil leather covered with 
tin-foil. Thefe plates were rubbed together by means 
of infulating handles. The plate of coated talc quickly 

took a charge. 
The fame plate of talc, and afterwards another plate 

not more than half as thick, was now made part of the 
excitatory arc, and fometimes part of the animal arc. 

Sometimes plates of varnfth, incomparably thinner than 
either of thefe, were employed. But all Profeffor Ro- 
bifon’s attempts to produce an accumulation of galvanic 
energy in this way were fruitlefs. The fecond form of 
the eleClrical experiment was adopted, as having a fome- 
what greater refemblance to the fuppofed procedure of 
galvanifm; but the well-informed ele&rician. will eafily 
perceive, that the firll form is far more delicate and de¬ 
ceive. 

The internal procedure in the eleClric and galvanic 
convulfions is therefore fo different, nay, oppofite, that 
we cannot bring ourfclves to think that the appearances 
are operations of the fame agent ( h). 

We have now gone over all the points of rtfemblance 

which, in Dr Valii’s opinion, conltitute the characters 
of the identity of galvanifm and electricity. We think 
that, without going farther, we might ffafely reft our 

affertion, that thefe two agents are perfectly diftinCtand 
unconnected with each other. But there are feveral 
other circumftanees which merit attention. 

No eleCtrical phenomenon can take place between Farther 
two bodies, unlefs thefe bodies be in oppofite Hates ofc|)nfi(lera* 

electricity with regard to each other. Now, how are !e6ir'chyC* 
we to account for the accumulation of eleCtricity in anyan(^ gaiVa- 
body, or part of a body, furrounded on all hands bynifm. 

conducting fubftances ? The experiments of Galvani 
fucceed equally well, whether the fubje&s of them be 
infulated or furrounded by conductors ; whether per¬ 
formed in the drieft air or under water (1) ; whether, 

_ by 

(h) What if it were called metallorgafniy which tranflates exaCtly metallic irritation, or metallegerfifm, from 
/*£Tccwov, and ryipric excitatio. 

(1) Dr Fowler mentions an exception to this. “ When the feparated leg of a frog was held under water, 
£nd formed part of the circuit through which this influence had to pafs in order to excite another leg, it never 

contracted 5 although it did, and ftrongly, when held above the furface.” In this cafe it is plain, that the frog’s 
leg 
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by means of an eledrical machine, we charge the ani¬ 
mal and the metals till every part of them ftrongly affed 
the eledrometer, or whether we reverfe the experiment 
and eledrify them negatively, flill no change is produ¬ 
ced in the force or frequency of the actions excited by 
the application of the metals. Is there any eledrical 
experiment which could continue to give the fame refult 
in 1'uch oppofite circumftanees ? or is there any poffibi- 
lity of accounting for it confidently with the known laws 
of the eledric fluid ? 

The writers on this fubjed who adopt the eledric 
theory, in dead of attempting to explain how the eledric 

fluid can be condenfed in a body furrounded by con¬ 
ducing fubflauces, have recourfe to the analogy of the 

gymnotus, torpedo, and other fiflies of the fame kind. 
Here, fay they, we have in fad the eledric fluid accu¬ 
mulated in fuch a fituation, and there is no reafoniug 
againft fads. We anfwer, that thefe animals are all 
furnidled with organs of a very peculiar ftrndure, which 
may poflibly be fitted for the purpofe of fuch a con- 
denfation. Befides, we apprehend it has never been in- 
con teftibly proved that thefe fingular animals derive 
their powers from the eledric fluid. Without wi firing 
to enter into this quedion, which is foreign to our pre- 
fent fubjed, we may remark that Mr Wahh difeovered, 
that the fliock of the torpedo would not pafs through a 
fmall brafs chain ; a circumdance in which it differs re¬ 
markably both from eledricity and from the influence 
difeovered by Galvani. 

It were worth while to try ProfefTor Robifon’s me¬ 
thods of accumulation in the examination of the con- 
vulfions occafioned by the torpedo. The ProfefTor fuf- 
peds that the popular horror at the lamprey, and the 
accounts of cramps and pains produced by it, have their 
fource in fome fmrilar powers of that animal. 

Dr Valli’s reafoning on this part of the fubjed is 
very curious. He takes it for granted that the gym* 
notus owes its influence to the eledric fluid. Then, 
though the gymnotus gives fhocks and emits fparks, 
while the torpedo only gives fhocks without emitting 
fparks, lie fays it would be abfurd to affert that the tor¬ 
pedo derives its influence from a caufe different from the 

gymnotus. Again, though the influence difeovered by 
Galvani neither gives fhocks nor emits fparks, it would 
dill be abfurd to maintain that it is not the fame as the 
eledric fluid, and as the influence of the gymnotus and 
torpedo. Todiffent from any part of this very logical 
dedudion, he declares would be contrary to the laws of 
pliilofophifing ! Rifum teneatis P 

Afraid, probably, that his readers might be tempted to 
offend againfl thefe new laws, he proceeds to flrengthen 

them by the analogy of animals and vegetables retaining 
an uniform temperature in media, warmer or colder than 
their own bodies; from which lie argues that they may 
alfo have a power of accumulating eledricity, and re- 
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taining it in a particular part, though their whole bo¬ 

dies are condudors. But the cafes are in no refped 
firnilar. Neither animals nor vegetables accumulate ca¬ 
loric in any particular part of their bodies in preference 
to any other part. They have no power of retaining 
caloric in their bodies more ftrongly than any other 
bodies do ; for if they are placed in a medium colder 

than themfelves, they are continually imparting caloric 
to that medium. Neither is there the fmalleft proof, 
from any experiments yet publifhed, that when placed 
in a medium warmer than themfelves, they do not con¬ 
tinually abforb caloric from it. The exiiience of a fri- 
gorific power in animals appears to us exceedingly pro¬ 
blematical ; but if it were proved to exift, it would by 
no means demonftrate that animals or vegetables have a 
faculty of declining to abforb caloric from bodies warmer 
than themfelves. It is readily admitted, that animals 
and vegetables have a power, within certain*limits, of 
preferving their temperature higher than that of the 
lurrounding medium ; nor is there any thing furprifmg 

in this, as the caloric, which they are continually recei¬ 
ving by the decompofition of oxygenous gas, is diflipa- 
ted flowly. But if we fhould allow that animals have 
a firnilar faculty of generating^the eledric fluid ; from 
the nature of that fluid it muft be continually commu¬ 
nicated, not only to every part of the bodies of the ani¬ 
mals themfelves, the whole of which are condudors, but 
to every conduding fubftance contiguous to them : 
and this muft take place, not flowly, like the diflipation 
of caloric, but inftantaneoufly, fo as to render any fenli- 
ble accumulation impoflible. ^ 

Galvanifm differs from eledricity in nothing more Difference 
remarkably than in the mode of its excitement and dif-in their 

charge. To produce the phenomena difeovered by Gal-n?°^e °^ex- 
vani, no operation at all firnilar to the fridion of an e_cltcment> 

ledric upon a conduding fubftance is neceffary ( x). 
The nerves and mufcles have only to be laid bare, and 
a communication formed between them by means of the 
excitatory arc, when the contradions immediately enfue. 
In the cafe of eledricity, a Angle difcliarge having re- 
ftored the equilibrium, no farther effeds can be produced 
till this has been again deftroyed by fome means capable 
of producing a condenfation in one quarter and a com¬ 

parative rarefadion in another. The fad is very dif¬ 
ferent with regard to galvanifm ; for with it the num¬ 
ber of fhocks which may be given appears to be infi¬ 
nite. Nay, they Frequently become ftronger in propor¬ 
tion as they have been longer continued : this influence 
differing extremely in this particular, too, from the elec¬ 
tric fluid, which, befides being itfelf exhaufted, never 
fails in a remarkable manner to exhauft the contradile 
power of the mufcles. 

The permanence of the effeds of galvanifm is ft ill And in the 
more ftriking in the experiments upon the organ ofdurationof 

tafte. When the metals.are applied to the tongue, the!^11 ef" 

fenfation * 

leg had in fad formed no part of the circuit through which the influence paffed ; the influence had been tranf- 
niitted by the water in which the leg was held. 

(k) It is true, as we have noticed above, that galvanic energy is fometimes communicated to a conduding 
fubftance by rubbing it upon fome other fubftance ; but this has no refemblance to the excitement of eledricity 

by fridion. The galvanic energy is communicated in this cafe to a conducing fubftance, and it fucceeds as rea* 
dily when both the bodies are of this clafs as when one of them is an idio-eledric. But no eledric phenomenon 
has ever been produced by the fridion of two conduding bodies upon each other ; one of them muft be an idu> 
eledric, and it is in this one that the excitement takes place. j - 
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fenfation produced is not fudden and tranfient ; but fo 

long as the metals are in contad with the tongue and 
with each other, fo long does the taile continue ; and, 
after fome time, it becomes infufferably difagreeable. 

M. Volta, who adopts the eledric theory with various 
modifications, fenfible of the permanence of the effed, 
in his curious experiments abovementioned fuppofes, 

that a itream of eledricity paffes from the tin cup to 
the liquor, from this to the tongue of the perfon making 

the experiment, then through his body, and returns 
through the water upon his hands to the cup ; and thus 
he fuppofes the fluid to move perpetually in a circle. 
It is furely unneceflary for us to obferve, that the fup- 
polition of a Itream of eledricity continually moving in 

a circle in this manner, is wholly inconfiftent with the 
laws which appear in every cafe to regulate the motions 

of that fluid. The fame obfervation applies to the man¬ 

ner in which lie explains molt of the other phenomena 

of galvanifm. 
The eledric fluid cannot be put in motion but by 

deftroying the equilibrium to which it perpetually 
tends; but whenever this is deftroyed, all that is requi¬ 
red to produce a difeharge is, that a Angle conducting 
fubltance be placed between the two points in which 
it is unequally diltributed. Here again there is a very 
wide diftindion between this fluid and the influence 
difeovered by Galvani. M. Volta divides all conduc¬ 
tors of galvanifm into two claffes ; ift, Dry conductors, 
comprehending metals, pyrites, fome other minerals, 
and charcoal; and, 2d, Moilt conductors. He aflerts, 
that it is abfolutely necelfary, in order to the produc¬ 
tion of the phenomena, that two conductors of the 
firlt clafs touch each other immediately on one hand, 
while at their other extremities they touch con¬ 
ductors of the fecond clafs. Whether this be admitted 
or not, we have already itated our opinion that the ac¬ 
tion of two different fubltances is abfolutely necef- 
fary in order to excite contractions: and although it is 
contended by fome writers that a Angle piece of metal 
has fometimes been found fufficient, yet even they mult 
allow that, in by far the greater number of cafes, it has 
been found necelfary to make ufe of two metals, and 
that the effed is even heighened in general by em¬ 

ploying three. In the whole fcience of electricity, we 

do not know a Angle faCt which bears the flighted a* 
nalogy to this. Never in a Angle inftancc has it been 
found, that the efFeCts of a Leyden phial have been in- 
creafed by ufing a conduCtor formed of two or more 

metals in procuring the difeharge. 31 
Before leaving the fubjeCt of conductors, we m^y Some men 

take notice of a very curious and important faCt 

tioned by Dr Valli. “ Amougft men,” fays he, “ therejralVanifm» 
are fome individuals who ‘are good conductors, others 
who are lefs fo ; and fome again who appear to be al- 
moft non-condudors. I was one day carrying on, with 

three of my friends, fome experiments upon frogs. A 
frog was put in water, and we each by turn effayed its 
power. Two of us excited ftrong convullions, the 

third only feeble ones, and the fourth none at all. This 
experiment was repeated frequently with the fame re- 
fult. This is not the only example I could adduce of 
the reality of this faCt, but 1 do not think it necelfary 
to dwell any longer upon it.” We have met with one 
individual who is not fenfible of any peculiar fenfation 
when the metals are applied to his tongue. This 
feems in fome meafure to corroborate Dr Valli’s obfer¬ 
vation. It is apprehended, however, that all men are 

equally good conduClors of eledricity. 
There is Hill another very marked diftindion be¬ 

tween the effeds of galvanifm and eledricity. No 
{hock at all refembling that produced by the eledric 

fluid has ever been felt by any perfon whofe body was 
made a part of the chain conduding the galvanic, in¬ 
fluence, while a very fmall quantity of the eledric fluid is 
immediately felt (l). In Dr Robifon’s experiment with 

the plates of zinc and Alver in the cheeks, there is no 
doubt a convulflve twitch diftindly felt in the gums ; 
but, as we have already obferved, the fenfation thus 
produced is quite different from that which is felt from 

an eledric Ihock (m) 
There is an experiment related by Dr Valli, which 

feems to Ihcvv that nothing like an eledric Ihock is 
felt, even when this influence is tranfmitted through a 

nerve, fo as to excite convulfions. Having laid bare 
the nerves of a fowl’s wing, without cutting them, and 

without killing the fowl, upon applying the metals 
very fmart movements were produced, but the animal 
remained perfectly tranquil. Nor was this owing to the 

(l) There is an exception to this rule which ought to be taken notice of. M. Cotugno informs us, that 
when he was one day employed in diffediug a live moufe, lie received a fenfible Ihock from the animal. But 
as neither he nor any other perfon has ever been Amilarly afleded in any other initauce, it leans pretty certain 

that lie was deceived into the belief of a Ihock from the fenfation produced by the llruggles of the animal he 

diffeded. 
(m) “ No one (fays M. Humboldt) can ipeak more decidedly on this fubjed than myfelf, having made fe- 

veral experiments on my own perfon, the feat of which, in fome inllances, was the locket of a tooth which I 
had caufed to be extraded ; in others, certain wounds which I made in my hand ; and in others, the excoria¬ 
tions produced by four bliftering plaftcrs.” The following is the refult of tliele painful experiments. I he 
galvanic irritation is always painful, and the more fo in proportion as the irritated part is more injured and the 
time of irritation more prolonged. The Aril ftrokes are felt but {lightly ; the Ave or Ax following are much 
more fenfible, and even fcarcely to be endured, until the irritated nerve becomes infenfible from continued iti- 
mulus. The fenfation does not at all refemble that which is caufed by the eledric commotion and the eledric 
bath ; it is a peculiar kind of pain, which is neither {harp, pungent, penetrating, nor by intermiflions, like that 

which is caufed by the eledric fluid. We may diftinguifli a violent ftroke, a regular preffure, accompanied by 
an unintermitting glow, which is incomparably move adive when the wound is covered with a plate of Alver 
and irritated by a rod of zinc, than when the plate of zinc is placed on the wound, and the Alver pincers are 

ufed to ellablifh the communication. 



fowl being in a Hat? of fnfenfibility ; for when the 

nerves were pricked or irritated it fcreamed violently. 
But all animals {hew figns of great uneafinefs from an 
eie&ric (hock. 

In general, it mud be confeffed, that animals under 
experiments of this kind feem reftlefs and uneafy. 
The. great diftin&ion of which we fpeak at prefent, 

confifts in this, that the eledtric fluid produces a {hock 
and uneafy fenfation when any part of the body is in¬ 

troduced into the conducting chain; while the influence 
difeovered by Galvani, on the coritary, when merely 

tranfmitted through the body in this manner, gives no 
fhock, nor any fenfation whatever, infomuch that we 

are not fenfible of its paffage. If this influence be 
made to aft direaiy on a nerve, there is, no doubt, fome 

kind of irritation produced, as appears from the elfed 
of the metals upon the tongue, the eye, and other ner¬ 

vous parts; but Hill this adlion bears no analogy to 

that of the eledlric fluid. As the application of the 
metals to the organs of fenfe, produces in each organ 
the peculiar fenfation for which it is conftruCled, as 
tafte in the tongue, light in the eye, 6cc. fo when 
nerves intended merely for mufcnlar motion are fubjed- 

ed to the aftion of galvanifm, the effect produced is 
motion ill the mulcles on which they are dillributed. 

If this view of the matter be juft, it will explain why 
no fhock is felt when the human body is made a part 

of the conduding chain. In that cafe the influence 
does not, in all probability, aa direaiy upon any nerve ; 

and we fee. that this influence poffeffes no power, like 
the dearie fluid, of producing a convulfive fhock, 
when merely paffed through any part of the body ; but 
it has this peculiar property, when paffed direaiy 

through a nerve., it excites that nerve to perform the 
function for which it was intended by nature. To 

this it will no doubt be objeaed, that contraaions may 
be.excited in different parts of a frog without any di- 
vifion being made in its {kin ; and here it may be fup- 

pofed that the influence is not made to pafs direaiy 

through a nerve. But it ought to be recolleaed that 
the Ikin of thefe animals is abundantly fupplied with 

nerves, whofe trunks communicate at different places 
with thofe which fupply the mufcles; and that the 

contraaions are always ftrong and eafily excited, in 
proportion as they are applied near to the courfe of any 
of the nerves which go to the mufcles. But though 

we had no doubt that the influence might be tranfmit¬ 
ted through the bodies of thefe animals, as well as 

through the human body, without any contraaions 
being produced, we have thought it worth while to 
afcertain the faa by the following experiment. 

A frog was prepared in the ufual manner by coat¬ 
ing its feiatic nerve with tinfoil, and laying the leg 
upon a plate of zinc. Another frog, in a very vigo¬ 
rous ftate, had its fore legs and cheft attached to a rod 
of filver, and its polterior extremities to a rod of zinc. 
The filver rod was applied to the tinfoil and nerve of 
the prepared frog, and the zinc rod to the plate of 

zinc upon which the leg was laid. Immediately very 
ftrong contraaions took place in the, leg ; but no mo¬ 
tion, nor the flighted mark of uneafmels, appeared in 

the other frog through the body of which the influ¬ 
ence muft have paffed. It is neceffary in this experi¬ 

ment to dry the body of the frog which is to ferve as 

a^condudor very carefully, otherwife the influence 
bvrth. Vox.. I. Part II. 
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might be tranfmitted by the water upon its furface 
without pafling through its body. 

There is an experiment mentioned by Dr Fowler 
which Ihevvs a ftriking difference between eie&ricity 
aud galvanilm. It was inftituted with a view to afeer- 

j£!n effe&s of the latter upon the blood-vefleis. 
1 he Doftor relates it as follows: “ Having laid bare 
and feparated from furrounding parts and from each 
other, the crural artery and nerve in the thigh of a full 
grown frog, I cut out the whole of the nerve between 

the pelvis and the knee: I then infmuated beneath 
the artery a thin plate of fealfng wax, fpread upon pa¬ 

per, and broad enough to keep a large portion of the 

artery completely apart from the reft of the thigh. 
The blood ftill continued to flow through the whole 
courfe of the artery in an undiminifhed ftream. The 

artery, thus partially infulated, was touched with filver 
and zinc, which were then brought into contad with 
each other ; but no contraction whatever was produced 
in any mufcle of the limb. This experiment was fre¬ 

quently repeated upon feveral different frogs, both in 
whom the nerve was, and in whom it was not divided 
The refult was uniformly the fame. But vivid cou- 
trations were produced in the whole limb when an 

eleftric fpark, or even a full ftream of the aura was paf- 
led into the artery.” 1 

Before taking leave of this branch of our fubieft 
it may be proper to take notice of one fad, which may 

be thought to militate againft the dodrine we have en¬ 

deavoured to eftablilh. It is faid that a frog, exhauft- 

ed and brought near to a charged eledrophorus, has 
been found to refume its fufeeptibility. We think this 

tact may be accounted for without admitting any con- 
nedtion between galvanifm and elearicity, merely by 
fuppofmg that the irritability of the mufcles, which 
had been exhaufted, was reftored by the application of 
a moderate ftimulus, (the elearic fluid), of a kind dif¬ 
ferent from thofe by which it had been exhaufted. 
buch of our readers as are acquainted with the writ- 

ings of modern phyfiologifts on the fubjea of mufcnlar 
irritability, will know that faaS of this kind are very 

common. Thus it has been found by M Humboldt, 

that the oxygenated muriatic acid has often reftored 

irritabdity. To this explanation it will no doubt be 
objeaed, that the application of other ftimuli, as alco¬ 
hol and a folution of potafli, inllead of reftoring, total¬ 
ly deftroy the fufeeptibility of galvanifm. Sufpeaintr 

that although thefe fubftances in a concentrated ftate* 
deftroy the fufeeptibility, yet that when fufficiently di¬ 
luted, they might be found to have the oppofite effea 

vye tried the following experiment, which confirmed our 
conjecture. 

4 fr°£> 57 hours after it had been decapitated, had 
ceafed for above an hour to be capable of excitement 
by the application of the metals in any way that could 

be devifed. A tew drops of alcohol being diluted with 
ahout a teafpoonful of water, the nerve and the 
mufcles winch had been laid bare, as well as the whole 
Ikin ot the animal, were wet with it. Upon the an 

plication of an excitatory arc, compofed of four pieces* 
gold, zinc, filver, and tinfoil, a few very {light contra/ 

lions of the toes were diftinctly obferved. After this 

no means that we could think of produced the fmalleft 
excitement. Alcohol was now applied in a more con¬ 
centrated ftate, but without any effed. The fame 
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four pieces of metal which produced the contradions 
of the toes, had been ufed before the diluted alcohol 
was applied, but without effed. We have not tried 

the application of potafh much diluted. 
From what has been faid, we think we are fully 

warranted in faying, that although fome of the pheno¬ 
mena difcovered by Galvani bear a ftriking refemblance 

to fome of thofe produced by the eledric fluid ; yet 

there are others, and thefe not the lead important, 
which differ fo widely from any effeds which have 

ever been feen to arife from that fluid, that they mud 
derive their origin from fome other caufe. Our read¬ 
ers may probably think that we have dedicated, too 
much time to this queflion ; but as we conceive it to 
be the mod important point which can be difcuffed on 
this fubjed, we thought it worth while to condder it 
at fome length; and we were the more convinced of the 
neceffity of doing fo, from this confideration, that there 

are dvl fome writers of high authority who maintain 
the hypothefis, that galvanifm and eledricity are the 

a fame. 
The galva- The next quedion that occurs to us with regard to 
nic influ- the nature of galvanifm is, whether or not it depends 
ence pro- UpQn any }aw‘ Qf animal life ? To us it appears rather 

rei^n from more Pr°kable, ^at influence which incites the 
anunah°m mufcles of animals to contrad in the experiments of 

Galvani, is fomething quite foreign to the animals them- 

felves; as much fo as the cledric duid of the Leyden 
phial is to the animal which receives a fliock from it, 

in both cafes the body of the animal ading as a mere 
condudor. Upon this quedion, however, we confefs 

that we have neither fads nor arguments to adduce fuf- 
ficient to warrant our drawing any certain conclufion. 

It will doubtlefs be afked, if this influence be fome¬ 

thing foreign to the bodies of animals, why do we ne¬ 
ver find it ading anywhere but in their bodies ? why 
is it not, like the eledric fluid, capable of being made 
evident to the fenfes by its effeds upon inanimate mat¬ 
ter ? The only anfvver which we are in a condition to 
give to this quedion is, that it may very poffibly be 
capable of producing important effeds upon inanimate 

matter, nay, thefe effeds may be the fubjed of our 
daily obfervation ; but for want of our being diffident¬ 
ly acquainted with galvanifm to point out the relation 

between thefe effeds and their caufe, the effeds them- 
felves are either not explained at all, or aferibed per¬ 
haps to fome other power, with which they have no 
connedion. In like manner, the eledric duid has doubt¬ 
lefs been producing mod important effeds from the 
beginning of time ; hut, prior to the difeovery of that 
fluid, thefe were either not explained at all, or cond- 
dered as originating from fome caufe which, in fad, 

had no fhare in their produdion. 
The great difficulty is to obtain fome ted: by which 

we may deied the galvanic influence when adually pre¬ 

sent in inanimate matter. Hitherto wc have no fuch 
ted ; nor diould we know that fuch an induence exids, 
but for the effeds which it produces upon the bodies 
of animals through the medium of their nerves. If we 
had any means of afeertaining its exidence, either in a 
feparate date, or conjoined with inanimate matter, the 
fcience would make a rapid progrefs, as it would be 
eafy to diverfify experiments fo as to difeover its na¬ 
ture and effeds. To deted it in a feparate date is, in 
all probability, impoffible ; but that the zeal and inge- 
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nuity of philofophers will one day be able to difeover 
fome teff of its prefence in-inanimate matter, there 

feems no rCafon to doubt.. 
We have made many experiments with a view to 

difeover fuch a ted, but hitherto without the fmalled 

fuccefs. In the trials we have already made, our views 
have been chiefly confined to the difeovery of fome che¬ 
mical effeds of this induence upon inanimate matter. 

M. Volta and other writers, having confidered the fen- 
fation produced by it upon the tongue as fimilar to that 
occafioned by acids, we were not without hopes that it 

would be found to refemble that clafs of fubdances in 
fome of its other properties. We have therefore tranf- 
mitted it through liquids tinged with the mod delicate 

vegetable colours ; but no change in thefe colours has 
been effeded by the tranfmifiion of many galvanic {hocks. 
We have alfo tried, in the fame way, alkaline liquors, 

without any effed. We next diffolved in water diffe¬ 
rent neutral falts, and other compound bodies, of which 
the parts are held together by the weaked affinities ; 
but no change has been obferved to be produced in 
them by the tranfmifiion of this influence. Our want 

of fuccefs, however, fhall not deter us from continuing 
our efforts; we fhall vary the nature of our experiments 
in every way that fhall occur to us as likely to be attend¬ 
ed with advantage ; and if we fhould ultimately fail, 
we trud that others will be more fortunate. Every 
new fad which is difcovered upon the fubjed tends to 
facilitate this invedigation, by furnifhing us with new 

guides to dired the courfe of our experiments-. ^ 
Dr Fowler is of opinion, that this induence, what- Dr Fowler 

ever it may be, is not derived from the metals alone, hefitates on 
but that the animals at lead contribute to its produc- this point, 

tion, as well as indicate its prefence ; and he feems to 
have been led to adopt this theory chiefly from two 
condderations, neither of which appears to us to have 
much weight. They are the following : The neceffity 
of a communication between the metals and the mufcles, 

as well as between the metals and the nerves ; and the 
obfervation, that animals have a more complete con- 

troul over its effeds than one would exped them to 
have over an induence wholly external to them. But 
the communication between the metals and the mufcles 

may be neceffary to the contradion of the latter, tho? 
not to the produdion of galvanifm ; which, however, - 

for want of any obvious effed, is not obferved. That 
animals have fome controul over the effeds of galva¬ 

nifm upon themfelves, may be very true ; but this cir* 
cumdance does not appear to u ' capable of proving any 
thing, as they have a controul over the effeds of other 
dimuli in the fame way. Thus, an animal of any refo- 
lution can bear, without betraying any uneafy fenfation, 

a blow which, indided unexpededly, would have pro¬ 
duced a convulfive dart. The will does not in any de¬ 
gree controul the effeds produced by galvanifm upon 
our fenfes of tafte, feeing See.; that is, the fenfations 
are produced, though we may have refolution not to 
betray them. But, fays Dr Fowler, the will is not able 
to controul the effeds of eledricity, when the eledrici- 
ty is otherwife fufliciently ftrong to excite mufcles to 
contradion. This argument may tend to fhew, that 

galvanifm differs from eledricity ; but as it mud be ad¬ 
mitted, that we can refid the contradions naturally 

' produced by the application of other foreign dimuli, it 

by no means proves that animals* have any power, of 
preventing 
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preventing the excitement or tranfmiflion of galvanifm. 
Befides, though we cannot prevent an involuntary con¬ 
traction of our mufcles from takingplace when an elec¬ 
tric fliock of confiderable ftrength is pafled through 
them, yet any man may with his hand draw fparks 

from the prime conductor of an eledric machine with¬ 
out (blinking, though even thefe fparks would, if he 

34 were off his guard, produce a convulfive ftart. 

without^ tl)C ga^van*c influence exifted ready formed in the 
reafan.lt mufcles or n#ervcs of animals, the only thing rcquifite to 

the produClion of„the contractions would be to make a 

communication between the nerves and mufcles, by 
means of any Angle fubftance capable of conducting 
this influence ; as water, for example : but the reverfe 
is known to be true. It may be faid, however, that, 

although there is no proof that any influence naturally 
refides in the nerves or mufcles capable of producing 
the effeCts mentioned by M. Galvani, thefe fubffances 
may ffill, by fome power, independent of the properties 
they po fiefs in common with dead matter, contribute to 
the excitement of the influence, which is fo well known 
to exiff in them after a certain application of metals. 
Upon this part of the fubjea, the obfervations of Dr 
Wells will be found to merit confiderable attention. 

It is known (fays that gentleman), that if a 
miucle and its nerve be covered with two pieces of 
the fame metal, no motion will take place upon con¬ 

necting thofe pieces by means of one or more different 
metals. After making this experiment one day, I ac¬ 
cidentally applied the metal I had ufed as the connec¬ 
tor, and which I ffill held in one hand, to the coating 
of the mufcle only, while with the other hand I touch¬ 
ed the fimilar coating of the nerve, and was furprifed 

to find that the mufcle was immediately thrown into 
contraction. Having produced motions in this way 
fufiiciently often to place the faCl beyond doubt, I 
next began to confider its relations to other fads for¬ 
merly known. I very foon perceived, that the imme¬ 
diate exciting caufe of thefe motions could not be de¬ 
rived from the aCtion of the metals upon the mufcle 

and nerve to which they were applied ; otherwife it 
muff have been admitted, that my body and a metal 

formed together a better conductor of the exciting in¬ 
fluence than a metal alone ; the contrary of which I had 

known, from many experiments, to be the cafe. The 
only fource, therefore, to which it could pofllbly be 
referred, was the aCtion of the metals upon my own bo¬ 
dy. It then occurred to me, that a proper opportuni¬ 
ty now offered itfelf of determining whether animals 
contribute to the production of this influence by means 
of any other property than their moifture. With this 
view I employed various moift fubffances, in which 

there could be no fufpicion of life to conftitute, with 
one or more metals, different from that of the coatings 
of the mufcle and nerve, a connecting medium between 
thefe coatings, and found that they produced the fame 
effeCl as my body. A Angle drop of water was even 
fufficient for this purpofe ; though, in general, the 
greater the quantity of the moifture which was ufed, 

the more readily and powerfully were contractions of 
the mufcle excited. But if the mutual operation of 

metals and moifture be fully adequate to the excite¬ 
ment of an influence capable of occafloning mufcles to 

contract, it follows, as an immediate confequence, that 
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animals act by their moifture alone in giving origin to 

the fame influence in M. Galvani’s experiments, unlefs 
we are to admit more caufes of an effect than what are 
fufficient for its production.” We do not quote the 

above reafoning as perfectly conclufive, for it by no 

means appears to 11s to be fo ; but it certainly gives 
fome probability to the opinion, that galvanifm is, as 

M. Volta fuppofes, the refult of the aCtion of two dry 
conductors, which touch each other immediately on. 
one hand, while at their other extremities they touch 

conductors of what he calls the fecond daft, (that is, 
moifture, for all the conductors of the fecond clafs con¬ 
tain water), and that the bodies of animals act merely 
as moifture. 

One of M. Humboldt’s experiments related above, 
appears to us to ftrengthen the conclufion, that the in¬ 

fluence difeovered by Galvani is fomething perfectly 
foreign to the bodies of animals. Can it be fuppofed 
that any fubftance which naturally refides in our bo¬ 
dies, fliould, in a few feconds after it is put in motion, 

convert the Ample ferous difeharge of a blifter into a 
dark coloured fluid, of a nature fo acrid as to irritate 

and violently inflame the fkin wherever it touches it ? 
We do not fay that this is impofiible, for we are too 
little acquainted with the laws of fecretion to fay with 
certainty what may, or wliat may not, produce fuch a 

change ; but we know no fimilar alteration produced, 
in a few feconds, by a mere change of a&ion in the vef- 
fels themfelves. 

We (hall not undertake to determine the nature ofTh/caufe 
the caufe which produces fuch aftonifliing effeds. We which pro- 

think it is certainly not the ele&ric fluid, and probably duccs the 
fomething which refides or is formed in the excitatory j:a*vatTic€f- 

arc ; but we confider our knowledge of galvanifm as known?" 

ftilt in its infancy, and our ftock of fads as infinitely 
too fmall to admit of our forming a juft theory on the 
fubjed. Fortunately, however, the difeovery of Gal¬ 
vani has attraded fo much the attention of philolo- 
phers in every part of Europe, that new fads may be 

expeded to come to light every day ; and we hope the 
time is not veVy diftant, when thefe may be fo clafled, 

as to entitle the fubjed to be ranked among the fciences. 
See Torpedo in this Suppl. 

V hile this article was in the prefs, we were favour¬ 
ed by a friend with an account of fome German differ- 
tations on the fubjed, which we are obliged to infert 
in this irregular manner. 

Mr Creve, furgeon in Wurtzburg, had an opportu¬ 
nity of observing the galvanic irritation on the leg of 

a boy, which had been amputated far above the knee 
in the hofpital of that city. Immediately after the am¬ 
putation, Mr Creve laid bare the crural nerve (knie- 
kehlnerven), and furrounded it with a flip of tinfoil. 
He touched at once the tinfoil and the nerve with a 

French crownpiece. In that inftant the molt violent 
eonvulflons took place in the leg both above and be¬ 

low the knee. The remainder of the thighbone bent 
with force toward the calf; the foot was more bent 
than extended. All thefe motions were made with 

much force and rapidity. None were produced when 
the tinfoil was taken away, or when a fteel pincer was 
ufed in place of a piece of filver, or when the tin or 

filver was covered with blood j but they were renew- 
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ed when thefe obftacles were removed.H Thefe pheno¬ 
mena continued till 38 .minutes after the amputation, 

when the limb became cold. j . 
Dr Chriftopher Heinrich Pfaff (in Differtation^ de 

EleBricitate Animali, Stntgardt, 1793: fee alfo Gren’s 

Journal der Phyftk, T. viii. p. 196, See.) has claffed 
the phenomena in a very orderly and perfpicuous man¬ 
ner ; and the refult of the numerous experiments made 
by himfelf and others, correfponds very nearly with our 

inferences in the preceding pages. 
I. Phenomena of mufcidar contraction. 

The general form of his experiments is the fame 

with that * which we have placed at the beginning of 
this article ; but the following varieties were obferved : 

The nerve being coated with tinfoil, it was always 
obferved that the contractions were ftronger when the 

iiiver firft touched the mufcle, and then the coating. 

If it touched the coating firft, the effeCts were always, 

and very fenfibly, weaker. 
They were Hill ftronger when the filver did not 

touch the mufcle at all, but only the nerve and its 

coating. 
When the contractions were weaker at the begin¬ 

ning, they alfo ceafed fooner. 
No contraction enfued from touching the coating 

only, or the nerve only, or the mufcle only, with the 

filver. 
Continuing the contaCl did not occafion any repeti¬ 

tion of the contractions, except in fome cafes, where 
the filver was drawn along different parts of the coat¬ 

ing, while its other end remained in contaCl with the 

nerve. 
The contractions took place only in the mufcles to 

which the nerve led. 
Their ftrength and duration were greater when the 

furfaces of contaCt were greater, and when the two 
metals touched each other in points or fharp edges. 

A ligature, with a filk thread below the coating 
(that is, between the coating and the mufcle, or part 
of the nerve touched by the filver), prevented all con¬ 
traction ; but not if the ligature was between the coat¬ 
ing and the brain. If the nerve was cut through be¬ 
low the coating, and the parts feparated a quarter of 

an inch, no contraction followed by touching the coat¬ 
ing and the nerve or mufcle : but it took place, if the 
parts were brought into contaCt; or even if a piece 

of any other nerve was put between the parts. 
If a confiderable part of a bared nerve was infulated 

and coated, partly with tinfoil and partly with filver, 
contractions were produced in the mufcle to which it 
led whenever the two metals were brought into con¬ 

taCt. 
If one crural nerve be coated with tin, and the o- 

ther with filver, contractions are produced in both legs 

by bringing the metals into contaCt. 
If the nerve be dry under the coating, or when the 

filver touches it, or in.both places, we have no contrac¬ 
tions ; but they begin as foon as we moiften the nerve. 

Dr Pfaff infers from thefe phenomena, that the 

nerve alone is fubjeCt to the irritation produced by the 
two metals. 

If the prepared frog be immerfed in water, fo that 
the coating touches the water, contractions are pro¬ 
duced by touching the coating above water with the 
filver, while another part of the filver touches the 

nerve, or the mufcle, or even dips pretty deep in the 
water. 

No fuch thing happens in oil ; or, at beft, the con¬ 
tractions are very flight. 

Dr Pfaff could not produce contractions without 
employing two metals, or a metal and charcoal, 

A very thin covering of mufeular flefh on the nerve 

did not altogether prevent the contractions, and in 
many cafes did not fenfibly diminifh them. 

If a piece of filver be laid on the mufcles of the 

breaft or belly, and be brought into contaCt with the 
tin-coating on the lumbal region, only the mufcles of 

the breaft or belly are affeCted, but not thofe of the 

legs. 
Dr Pfaff fays, that the involuntary mufcles are not 

affeCted by galvanifm ; and refers for convincing proofs 
to a differtation b) Dr Ludwig, fhewing that the heart 

is not furnifhed with nerves, (Scripior. neurolog. minor. 

JeleCt. vol. 2.). 

II. Irritation of the Organs of Safe. 

Plere Dr PfafPs differtation contains nothing re¬ 

markable. 

III. Conjectures as to the Caufe. 

Dr Pfaff ufes the fame arguments that we have em¬ 
ployed to refute the opinion of a fimilarity between~the 
animal organs and the Leyden phial, and the opinion 
that eleCtricity is the agent. Pie mentions the opinion 
of thofe who maintain that the agent is a fluid put into 
motion by means of its relation to the metals only, in 
their aCtion on each other, and who confider the ani¬ 

mal as merely ferving as a conductor; and alfo ferving, 
by its irritability, to give us the information of the pre¬ 
fence of fuch a fluid, in the fame manner as another 

kjnd of irritation, fomewhat analogous to it, indicates 

the prefence and agency of the eleCtric fluid. It may 
therefore be called the Metallic Irritation ; a term 
which will fufticiently diftinguifh it. 

But Dr Pfaff feems rather to.think that the agent 
refides in the animal, and that the metals are the con¬ 
ductors (See a differtation, entitled, Farther Contra 
hntions to the Knowledge of Animal Electricity, in Gren's 

Journal der Phyjik, T. viii. p. 377.). This fluid he 
conceives to be intimately blended with the principle of 

life ; nay, perhaps, to be the fame. He mentions a 
thought of Profeffor Kielmayer, u that it may refemble 

the magnetic fluid in its manner of aCling, giving con¬ 
nection to the diftant particles of a nerve, as we obferve- 

a magnet give an inftantaneous connection to each of a 
parcel of iron filings ; all of which it would arrange in 
a certain precife manner, if they were fufticiently move- 

able, by giving momentary polarity to each.” This, 
fomewhat refembles NewtoiPs hypothetical whim read 
to the Royal Society, deferibing what may be done by 

means of an aether (See Birche's Hi/lory of the Royal 

Society ). 
But all this is vague conjeCture, and merits little at¬ 

tention. This will he better bellowed on an obferva- 
tion of M. Humboldt of Jena, “ that a bit of frefh mo* 

relic (the Hehella mitra of Linnxus) may be fubflituted 
for a bit of nerve in the animal arc in thefe experiments.” 
This is the only vegetable fubftance yet difeovered to 

have this property. If the nerve be laid on the mo* 
relle, we have only to touch the morelle with the zinc, 

and the mufeular contractions immediately follow. 
GARDECAUT- 
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Gariiecaut, GARDECAUT, or Guard du Cord, in a watch, prevented. Hardly have they become tolerably well Garden, 
_ is that winch itops the tuiec when wound up, and for 
~ that end is driven up by the fpring. Some call it 

Guard-cock ; others Guard dif Gat. 

GARDEN (Francis), better known to the public 
by the title of Lord Garden/}one, was born at Edin¬ 
burgh June 24th, in the year 1721. His father was 
Alexander Garden of Troup ; an opulent landholder 

in Aberdeenfhire ; his mother was Jane, daughter of 
Sir Francis Grant of Cullen, S.C.I. 

After palling through the ufual courfe of liberal 

education at the fchool and the univerfity, he betook 
himfelf to the ftudy t)f law for his profeflion. In the 

year 1744 he was admitted a member of the Faculty of 
Advocates, and called to the Scottiih bar. 

In his praCtice as an advocate he foon began to be 
diftinguifhed, by a llrong, native re&itude of under- 
flanding ; J>y that vivacity of apprehenlion and imagi¬ 
nation which is commonly denominated Genius; by 

manly candour in argument, often more perfuafive than 
fubtlety and fophiftical artifice ; by powers which, with 
diligence, might eafily attain to the higheft eminence 

of the profeflion. But the fame llrength, opennefs, 
and ardour of mind, which diftinguifhed him fo advan- 
tageoufly among the pleaders at the bar, tended to 
give him a fondnefs for the gay enjoyments of convi¬ 

vial intercourfe, which was unfavourable to his progrefs 
in juridical erudition. Shining in the focial and con¬ 

vivial circle, he became lefs folicitoufly ambitious than 
he might otherwife have been, of the character of an 
eloquent advocate, or of a profound and learned law¬ 
yer. The vivacity of his genius was averfe from au- 
flere and plodding ftudy, while it was captivated by the 

fafeinations of polite learning and of the fine arts. Nor 
did he always efcape thofe exceffes in the purfuit of 
pleafure into which the temptations of opening life are 
apt occafionally to feduce the moft liberal and ingenu¬ 
ous youth. But his cheerful conviviality, his wit, hu¬ 
mour, tafte, good-nature, and benevolence of heart, ren¬ 
dered him the delight of all his acquaintance. He be¬ 
came his Majefty's Solicitor July 3d, 1764. 

At length the worth of his charaCler, and his abi¬ 
lities as a lawyer, recommended him to the office of a 
Judge in the Courts of Seffion and Jufticiary, the fu- 
preme judicature, civil and* criminal, for Scotland. His 
place in the Court of Seffion he continued to occupy 
till his death ; but had, fome years before, rcftgned the 
office of a Commiftioner of Jufticiary, and in recom- 

pence got a penfton of 200I. per annum. Clear difeern- 
ment, llrong good fenfe, conscientious honefty, and ami¬ 

able benevolence, remarkably diftinguifhed all his opi¬ 
nions and conduct as a judge. 

We not unfrequently fee the gay young men of the 
prefent age, to turn, as they advance towards middle life* 
from the headlong purfuit of pleafure to a fordid and 
contra died felfifhnefs, which excludes even thofe few 
good qualities that feemed to accompany their firft 
thoughtlefs days. Their life is divided between feud¬ 
ality and that anxious inhumane avarice arid ambition 
whofe ultimate objedl is, to provide gratifications to 
fenfuality and pride. The kindling light of re&itude, 
and the firft fparks of generous humanity, are extin- 

guifhed in their breafts as foon as thofe ebullition's of 
youthful paftion and inexperience are over, by which 

the ufeful efficiency of their early good qualities was 

acquainted with mankind, when the milk of human y—v—~i 

kindnefs is turned into gall and venom in their hearts. 
It was far otherwife with Lord Gardenftone. As 

he advanced in years, humanity, tafte, public fpirit, be¬ 
came ftill more and more eminently the predominant 

principles in his mind,—He pitied the condition of the 
peafantry, depreffed rather by their ignorance of the 
moft fkilful modes of labour, and by their remotenefs 

fiom the fphere of improvement, than by any tyranny 
or extortion of their landlords. He admired, protec¬ 
ted, and cultivated the polite arts He was the ardent 
votary of political liberty, and friendly to every thing 

that proinifed a feafible amelioration of public econo¬ 
my, and the principles of government. 

In the year 1762 he purchafed the eftate of John- 
fton, in the county of Kincardine. Within a few years 

after he began to attempt a plan of the moft liberal im¬ 
provement of the value of this eftate, by an extenfion 
of the village of Laurencekirk, adjoining. He offered 
leafes of fmall farms, and of ground for building upon, 
which were to laft for the term of one hundred years ; 

and of which the conditions were extremely inviting to 
the labourers and tradefmeri of the furrounding coun¬ 
try. Thefe offers were eagerly liftened to. More deft- 
rous to make the attempt beneficial to the country than 
to derive profit from it to himfelf, he was induced, 

within a few years, to reduce his ground-rents to one- 
half of the original rate.—Weavers, joiners, fhoemakers, 
and other artifans in a confiderable number, reforted to 
fettle in the rifing village. His Lordfhip’s, earneffnefs 
for the fuccefs of his projedl, and to promote the pro- 

fperity of the good people whom he had received under 
his protection, led him to engage in feveral underta¬ 
kings ; by the failure of which he incurred confiderable 
Ioffes. Proje&s of a printfield* and of manufactures off 
linen and of (lockings, attempted with fanguine hopes 
in the new village, and chiefly at his Lordfhip’s rifle 
and expence, mifgave in fuch a manner as might well 
have finally difgufted a man of lefs. Heady and ardent 
philanthropy with every fuch engagement. But the 
village ftill continued to advance. It grew up under 

his Lordfhip’s eye, and was the favourite objeCt of hrs 
care. In the year 1779 he procured it to be erected 
into a burgh of barony ; having a magiftracy, an annual 
lair, and a weekly market. He provived in it a good 
inn for the reception of travellers ; and with an un¬ 

common attention to the entertainment of the guefts 
who might refort to it, furnifhed this inn with a libra¬ 
ry of books for their amnfement. He invited an artifi 
lor drawing, from the continent, to fettle at Laurence¬ 

kirk. He had the pleafure of feeing a confiderable Li- ‘ 
nen manufacture at length fixed in it. A bleaclifield 
was alfo eftabliftied as a natural counterpart to the li¬ 

nen manufacture. Before his Lordfhip’s death, lie faw 
his plan of improving the condition of the labourers, 
by the formation of a new village at Laurencekirk, 
crowned with fuccefs beyond his moft fanguine hopes. 

He has acknowledged, with an amiable franknefs, in 
a memoir concerning this village, “ That he had 

tried, in fome meafure, a variety of the pleafures 
which mankind purfue ; but never relifhed any fo much 

as the pleafure arifing from the progrefs of lifs vil- 
lage.” 

In the* year 1785, upon the death of his elder bro* 

lhsr> 



Garden. 

GAR [6 94 ] G A R 
ther, Alexander Garden of Troup, M. P. for Aberdeen- 
ffiire, Lord Gardenftone fucceeded to the pofleffiori of 

the family eftates, which were very confiderable. Un¬ 
til this time his Lordfliip’s income had never been more 
than adequate to the liberal expence into which his 
rank, and the generofity of his nature, unavoidably led 
him. But the addition of a fortune of about three 
thoufand pounds a-) ear to his former revenue, gave him 
the power of performing many a£ts of beneficence with 

which he could not before gratify his good heart. It 
was happy, likevvife, that his fucceffion to this ample 

income, at a period when the vigour of his eonftitution 
was rapidly yielding to the infirmities of old age, ena¬ 
bled him to feek relief, by a partial ceiTation from bufi- 

nefs, by travel, and by other means, which could not 

have been ealily compatible with the previous Hate of 

his fortune. 
In the month of Sept. 1786, he fet out from Lon¬ 

don for Dover, and palled over into France. After vi- 

fiting Paris, he proceeded to Provence, and fpent the 
winter months in the genial climate of Hieres. In the 
fpring of 1787 he returned northwards, vilitirig Ge¬ 
neva, Switzerland, the Netherlands, and the Dutch pro¬ 
vinces, and palfing through Germany into Italy. With 

a fond curiolity, attentive alike to the wonders of na¬ 
ture, to the noble monuments of the arts, and to the 
awful remains of ancient grandeur, with which Italy 
abounds, he vifited all its great cities, and furvey ed alrnoll 
every remarkable and famous fcene that it exhibits. 

His firlt objeCt, in thefe travels, was to obtain the 
reftoration of his declining health by the influence of a 
milder climate, by gentle, continued, and varied exer- 
-cife ; by that pleating exhilaration of the temper and 
fpirits, which is the bell medicine to health, and is moll 

fuccefsfully produced by frequent change of place, and 
of the objedts of attention. But the curiofities of na¬ 

ture and art, in thofe countries through which he tra¬ 
velled, could not fail to attradl, in a powerful manner, 

the curiolity of a mind cultivated and ingenious as his. 
He, whole breaft glowed with the moll ardent philan¬ 
thropy, could not view the varied works and manners 
of a diverfity of nations of his fellow men, without be¬ 
ing deely interelled by all thofe circumllances which 
might appear to mark their fortunes as happy or 
wretched. Fie eagerly collcdled fpecimens of the fpars, 
the Ihells, the llrata of rocks, and the veins of metals, 
in the feveral countries through which he palled. He 

amafled alfo cameos, medals, and paintings. He en¬ 
quired into fcience, literature, and local fnftitutions. 

He wrote down his obfervations, from time to time ; 
not indeed with the minute care of a pedant, or the 
ollentatious labour of a man travelling with a defign to 
publifn an account of his travels, but limply to aid me¬ 
mory and imagination in the future remembrance of ob¬ 
jects ufeful or agreeable. 

After an abfence of about three years he returned 
to his native country. The laft years were fpent in 

the.difcharge of the duties of his office as a judge ; in 
focial intercourfe with his friends, among whom was 
the venerable Lord Monboddo, and others of the moll 
refpe&able characters that our country has to boall of; 

in the performance of a thoufand generous offices of 
benevolence and humanity; in cherifliing thofe fine arts, 
of which he was an eminent admirer and judge ; and 

above all, in promoting the comfort, and encouraging 

the induflry of his dependants, and in lending his aid 
to ?very rational attempt at the improvement of public ' 
economy and public virtue. 

St Bernard’s Well, in the neighbourhood of Edin¬ 
burgh, had been, long fince, diftinguiflied for the me¬ 
dicinal virtues of its waters. But various circumftan- 
ce3 had alfo concurred of late to throw it into negleCt. 
Yet its waters being llrongly mineralized by a fulphu- 

rated hydrogenous, gas, were, by this means, unquef- 
tionably qualified to operate, with highly beneficial ef- 
feCts, in the cure of various difeafes. The qualities of 
this mineral water falling under Lord Garden Hone’s 
notice, he was induced to purchase the property of the 

well, to direct it to be cleared from furrounding ob- 
llacles, which contaminated the virtues of the water, or 

made it inacceffible ; to ereCt a beautiful and commo¬ 
dious edifice over it ; and to appoint proper perfons to 
diftribute the water, for a very trivial compenfation, to 

the public. The well lies at a diftance from Edin- 
bugh, which is very convenient for a fummtr morn¬ 
ing’s walk. Within the few years which ha«ve pafled 
fince Lord Gardenftone’s benevolent care brought it 

into notice, it has attracted many of the inhabitants of 
that city to vifit in the mornings of fpring and fummer. 

And, undoubtedly, the agreeable exercife to which they 
have thus been allured, and the falutary effeCts of the 
water, have contributed, in no mean degree, to difpel 
difeafe, and to confirm, or re-eftablilh health. Such 
monuments are worthy to preferve the memory of a 
patriotic and a good man ! 

As an amufement for the laft two or three years of 
his life, when his increafing infirmities precluded him 
from more aCtive exercife, and from mingling fo fre¬ 
quently in the fociety of his friends as was agreeable 
to his focial and convivial temper, he bethought him- 

ftlf of reviling fome of the jeux d'efprit, and light fugi¬ 
tive pieces, in which he had indulged the gaiety of his 
fancy in his earlier days ; and a fmall volume of poems 

was pnblifhed, in which the belt pieces are, upon good 
authority, aferibed to Lord Gardenftone. He revifed 
alio the memorandums which he had made upon his 
travels, and permitted them to be fent to prefs. The 
two former volumes were publiflied one after another 

while his Lordftiip was yet alive ; the third after his 
death. They met with a very favourable reception in 
the world, and were honoured with the high approba¬ 
tion of the inoft refpedlable writers of periodical criti- 
cifm. They convey much agreeable information, and 
befpeak an elegant, enlightened, and amiable mind. 

The laft volume is filled chiefly with memorandums of 
his Lordfliip’s travels in Italy ; and contains many in- 
tereftiug criticifms upon fome of the nobleft produc¬ 
tions of the fine arts of painting and fculpture. 

His Lordfliip’s health had long been declining ; and 
he died a bachelor on the 22d of July 1793, lamented 
by his relations and friends, by his tenants and humble 
dependants, and by all true patriots and good men to 
whom his merits and virtues were known. 

Such is the account of Lord Gardenftone’s life, 
which wTas prefixed to the third volume of his travel¬ 
ling memorandums ; and though it was no doubt an 
effufion of fond friendftiip, we believe that the praife 
which it bellows on his Lordfliip is not much exagge¬ 
rated. In the latter years of his life, it mull indeed be 

confefled, that he contracted intimacies with men un¬ 
worthy 

Garden. 
- 



geo [ 695 ] GEO 

Gas worthy of his regard ; and that his attachment to li- between the geocentric place and the firft point of Geometri- 

Geocentric bertT made bJm *orm exPe(^at^ns from the French re- Aries. cal, 
—J volution, which even the events which he faw ought to GEOMETRICAL Method of the Ancients. Georgium<i 

have reprefted. But his mind was by that time weak- The ancients tftablifhed the higher parts of their geo- 
ened by difeafe ; and it would be very unjuft to balance metry 011 the fame principles as the elements of that 

the iniprudencies of one or two years againft the meri- fcience, by demonftrations of the fame kind: and they 
torious actions of a whole life. Beiides his travelling were careful not to fuppofe any thing done, till by a 

memorandums and his poems, his Lordftiip publiftied previous problem they had ihewn that it could be done 
A Letter to the Inhabitants of Laurencekirk, the rnoft va- by a&ually performing it. Much lefs did they fuppofe 
1 liable, in our opinion, of all his publications ; for it any thing to be done that cannot be conceived ; fuch 

contains perhaps the moft falutary advices which were as a line or feries to be aChially continued to infinity, 

ever offered to the inhabitants of a manufa&uring town, or a magnitude dirninifhed till it become infinitely lefs 
for the regulation of their conduct towards each other, than what it is. The elements into which they refol- 

Tliat the people of Laurencekirk have followed tliefe ved magnitudes were finite, and fuch as might be con- 
advices, it would give us pleafure to learn on good au- ceived to be real. Unbounded liberties have of late 

. been introduced ; by which geometry, which ought to 
GAS. See that article, EncycL and Chemistry- be perfectly clear, is filled with myfteries. 

Index in this Supplement. We have introduced the word Geometrical Solution of a problem, is when the 

here, to notice fome experiments made by Profeffor problem is dire&ly refolved according to the drift rules 
Jacquin of Vienna, at the defire of Dr Chladui, on the and principles of geometry, and by lines that are truly 

different gafes as the vehicle of founds. A glafs bell geometrical. -This expreffion is ufed in contradiftinc- 
was furnifhed with a metallic ftopper cemented to a tion to an arithmetical, or a mechanical, or inftrumental 
neck at the top; and in the bore of this cock, within folution, the problem being refolved only by a ruler 
the glafs, a fmall flute or pewter (etain) about fix inc hes and compafles. 

in length was fixed. The glafs being then placed on The fame term is likewife ufed in oppofition to all 
the fhelf of the pneumatic veftel, and filled with any indirect and inadequate kinds of folutions, as by ap- 
particular kind of gas, a bladder alfo filled with the proximatfon, infinite feries, &c. So we have no geo¬ 

fame gas, and provided with a cock, was adapted to the metrical way of finding the quadrature of the circle, 
external aperture of the cock belonging to the bell- the duplicating of the cube, or two mean proportionals* 
glafs. In this difpofition of the apparatus, the flute though there are mechanical ways, and others, by in- 
was made to found by gently prefting the bladder. Com- finite feries, See. 

parative experiments were made with atmofplieric air, GEORGIUM Sidus (fee AstronomY-Index, En* 
oxygen, hydrogen, carbonic acid, and nitrous gas. The cycl.) has no fewer than fix fatellites revolving round it, 
in ten fit y of the found did not vary; but when compa- all difeovered by Dr Herfcliel. Of the two which he 

red witn that produced by atmofpheric air, the oxygen fir ft difeovered, one was found to revolve in 8 days 
gas gave a found half a tone lower; azotic gas, prepa- 17 h. 1 m. 17 fee. at the diftance of 33'' from its prh 
red by different methods, conftantly gave a found half mary ; and the other in 13 d. 1 1 h. 5 m. 1,5 fee. at the 
a tone lower; hydrogen gas gave lime or eleven tones diftance of 44'', 23. The planes of their orbits form 
higher; carbonic acid gas gave one-third lower, and ni- fuch large angles with that of the planet itfelf, and 
trous gas alfo very nearly a third lower. A mixture of confequently of the ecliptic, as to be alinoft perpendi- 
oxygen gas and azot, in the proportions of the atmo- cular to it. To this remarkable departure from the 
fpheric air, afforded the tone of this laft; that is to fay, analogy of the old planets, another ftill more lingular 
it was half a tone higher than each of the component has been lately announced. They move in a retrograde 

parts alone. When the two gafes were not uniformly diredion ! The new fatellites revolve as follows, the 
mixed, the found was abominably harfh. Cbladni in- periodical times being inferred from their greateft elon- 
tends to give a fuller account of thefe interefting expe- gations : The interior fatcllite in 5 d. 21 h. 25 m at 
rimente.—Journal de Phyfque, Vol. IV. N. S. p. 37. the diftance of 25',5. A fatellite intermediate between 

GAZONS, in fortification, turfs, or pieces of frefh the two old ones in rod. 23 h. 4 rn. at the diftance of 
earth covered with grafs, cut in form of a wedge, about 38",57. The nearefl exterior fatellite at about double 
a foot long, and half a foot thick, to line or face the the diftance of the fartheft old one, and confequently 
outfide of works made of earth, to keep them up, and its periodical time 38 d. 1 h. 4.9 m. And the moft dif- 

niouldeiing* . tant fatellite fuil four times as far from its primary as 
GEOCENTRIC place of a planet, is the place the old fecond fatellite. Whence it will take at leaft 

where it appears to us from the earth ; or it is a point 107 d. i6h. 40 m. to complete its revolution. Whe- 
in the ecliptic, to which a planet, feen from the earth, tber the motions of thefe four be diredl or .retrograde, 
is referred. is, we fuppofe, not yet determined. 

Geocentric Latitude of a Planet, is its latitude as feen From fome obfervations of the Dodor, with an ex- 
from the earth, or the inclination of a line conne&iug cellent feven-feet telefcope, certain appearances, refem- 
the planet and the earth to the plane of the earth’s (or bling that of two rings furrounding the planet and 

true) ecliptic: Or it is the angle which the faid line crofting each other at right angles, were feen on feveral 
(connecting the planet and the earth) makes with a line different days. They were not altered in pofition bv 
drawn to meet a perpendicular let fall from the planet turning the fpeculum in its cell; but (fays Mr Nicliol- 

to the plane of the ecliptic. fon) there is little doubt that they were optical decep- 
Geocentric Longitude of a Planet, is the diftance tions, becaufe they kept their pofition with refped to 

measured on the ecliptic, in the order of the figns, the tube, after the relative pofition of the parallel had 

been 
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rard. been much changed by the earth’s rotation, and be* 
v"“/ caufe they did not appear with larger telefcopes applied 

during the courfe of ten years. The diik ot the Geor- 

ginm Sidus is flattened. It therefore revolves with con- 

iiderable rapidity on its axis. From the very faint light 
of the fatellites, they are obferved to difappear in thofe 
parts of their orbits which bring them apparently near¬ 
ed the planet. This does not arife from an atmofphere; 

for the effe& is the fame, whether the fatellite be with¬ 
in or beyond the planet. 

GERARD (Alexander, D.D.), was the elded fon 

of the reverend Gilbert Gerard minider of Chapel Ga- 
rioch, in the county of Aberdeen. He was born on 
the 22d of February 1728, and received the fird rudi¬ 

ments of his education at the parifh fchool of Foveran 
in the fame county. 

It may perhaps be proper to inform our Englifh 
readers, that in every parifh in Scotland there is a fchool 

where, for very fmall fees, the youth of the parifh are 
not only taught to read the Englifh language, to write, 
and to perform the elementary operations of arithmetic, 
but are alfo indrudled in the Greek and Latin lan¬ 

guages. Of thefe fchools, many of the matters were, 
about fixty years ago, eminent for claffical learning ; 
and it feems that Mr Forbes, the matter of the fchool 
of Foreran, poffeffed fuch fame as a teacher, that Mr 
Gerard judged it more expedient to commit his fon to 
his care than to have him educated at the 'fchool of his 
own parifh, and under his own immediate infpe&ion. 

The attainments which that fon afterwards made in li¬ 
terature, evince that his judgment was correct, and that 
the fchoolmader of Foveran deferved the fame which 
he enjoyed. 

Young Gerard, however, did not remain long at Fo¬ 

veran. His father died when he was but ten years old; 
and his mother removing foon afterwards with her fa¬ 
mily to Aberdeen, he was of courfe put to the gram¬ 
mar fchool in that city: but fo folid was the founda¬ 
tion which had been already laid, that in two years 
time he was deemed fit for the univerfity, and was ac¬ 
cordingly entered a dudent in Marifchal college. Such 
rapid progrefs fupplies the place of that tedimony which 
\vehave not been able to procure, refpedling his early 
attachment to literature. 

After completing the ufual academical courfe of four 
years in the ttudy of Greek, Latin, mathematics, and 
philofophy, he was admitted to the degree of matter of 

arts; and immediately afterwards commenced the dudy 
of theology, which he profecuted in the univerfities of 
Aberdeen and Edinburgh. In 1748, when he had little 
more than completed his 20th year, he was licenfed to 
preach in the church of Scotland, and two years after¬ 
wards was chofen afiiftant to Mr David Fordyce pro- 
feffor of philofophy in the Marifchal college and uni¬ 
verfity of Aberdeen. In this capacity he performed 

the duties of the abfent profeflor till the 7th of July 
1752, when he was appointed fuccefibr to Mr Fordyce, 
who had been drowned on the coaft of Holland, as has 
been already related in the Encyclopedia. 

At that period it was the practice in the Marifchal 
college, as it continued to be in the King’s, for the 
fame profettor to carry forward a clafs of ttudents for 
three fuecefiive years through all the different branches 
of philofophy which were taught in the college. Thefe 

were,,Logic, Ontology, Pneumatics, Morals, 

Politics, and Natural Philosophy; and Mr Ge* Gmrd, 
rard carried one clafs through this extenfive courfe. 

Mathematics and the Greek language were taught 
by feparate profeffors. 

About the year 1754, a very material alteration waa 
made in the order of teaching philofophy in the univer¬ 

fity of Aberdeen ; and in the Marifchal college each 
profeffor was reftri&ed to one department of fcience. 

The principal and profeffors in that college, juftly ob- 
ferving that the public is interefted in every thing which 

relates to education, thought it incumbent upon them 
to lay before that public the reafons which had deter¬ 

mined them to deviate from the arrangement which 
they had hitherto obferved ; and they employed Pro¬ 
feffor Gerard to draw up thefe reafons. This tafk he 

performed in a fmall pamphlet, which, being printed by 
the appointment of the college, appears to have given 
very general fatisfadlion. 

This, indeed, it could hardly fail to do ; for the ju¬ 

dicious author points out very clearly the inconveniences 
of the old, and the advantages of the new plan of aca¬ 
demical ttudy. Having obferved that the philofophy 
which had fo long kept poffeffion of the fchools, con- 

fitted, in a great meafure, of verbal fubtleties and theo¬ 
ries ill-grounded, though ingenioufly devifed, he pro¬ 
ceeds to contrail it with the philofophy of Bacon and 

Locke, and to fhow of how little value the former is 
when compared with the latter. He then enters on a 

brief examination of the fcholattic logic, and proves, to 
the convi&ion of every impartial judge, that the art of 

fyilogifing, though a proper enough introduction to a 
philofophy which was built on general principles, either 
taken for granted, or founded on very narrow and in¬ 
adequate obfervation, is by no means fitted to afiltt the 
mind in the cultivation of that fcience which is dedu¬ 

ced by induction from particular faCts. “ The only 
bafis of philofophy (fays he) is now acknowledged t« 
be an accurate and extenfive hiftory of nature, exhibit¬ 
ing an exaCt view of the various phenomena, for which 
philofophy is to account, and on which it is to found 
its reafonings. This being the reformed ftate of philo¬ 
fophy, great inconveniences mutt be found in profecu- 
ting the fcholattic order of the fciences. The ftudent 
mutt make a tranfition at once from words and langua¬ 

ges to philofophy, without being previoufiy introduced 
to the knowledge of faCts, the foie foundation of, and 
preparation for it; he mutt be hurried at the firft into 

the mott abftrufe,, difficult, and fubtle parts of it; he 
mutt be put upon examining the nature, foundation, and 

different kinds of evidence and reafoning, before he is 
acquainted with any fpecimens of thefe kinds by which 
they may be illuttrated. Arid in proportion as philo¬ 
fophy is more improved, and more thoroughly refi^m- 

ed, thefe inconveniences mutt become more fenfible. 
u The view of thefe (continues lie) induced the maf- 

ters of the Marifchal college to thyik of altering the hi¬ 
therto received order; and after the mott mature deli¬ 
beration, made them at laft refolve, that their ttudents 
fhould, after being inftrudted in languages and claffical 
learning, be made acquainted with the elements of hif¬ 
tory, natural and civil, of geography and chronology, 

accompanied with the elements of mathematics; that 
they fhould then proceed to natural philofophy ; and, 

laft of all, to morals, politics, logic, and metaphyfics.,, 

In vindicating this arrangement, he labours with 
great 
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°erar[l . great earaeftaefa, and vs think with complete fuccefs, and correAs his tafte nereeivec tl,„ • • i , . , 
—^ to fliev^the propriety of making logic tlfe laft branch he has founded all £ iud—t hou.ht'n ^ 

of academical ftudy. “ All fcicnces (fays he), all de- the mean time think of tU nts’ tho“Sh d,d Il°t m 

partments of knowledge whatever, rad be premifed as curity againft his judging wrong ‘ This' “fTl1 le' 
*> ground-work to genuine logic. Iiiftory has one what- _i i raay' Mu {Irate 

Gerard. 

a ground-work to genuine logic Iliftory has one what' has been faid of tVpl^&cl, IS 
kina of evidence, mathematics another, natural philofo- among the fciences The f* n °* ■ J10 ^ 
phy one ftill different, the philofophy of human nature --. 1 - A } h*0.bfervat,°1,s made in it, both 

another diftinA from all thefe ; the fubordinate branches 
of thefe fcveral parts have ftill minuter peculiarities in 

the evidence appropriated to them. An unprejudiced 
nund will in each of thefe be convinced by that fpecies 
of argument which is peculiar to it, though it does not 
refleA how it comes to be convinced. By being eon- 
verfant in them, one is prepared for the ftudy of log. 

the different kinds ot evidence and argument are ex¬ 

emplified ; from them only thofe llluftrations can be ta¬ 
ken, without which its rules and precepts mull be un¬ 
intelligible. 

“ Alljnft conclulions concerning the works of na- 
ture muft be founded on an induction of particulars. 
And as in natural philofophy tliefe particulars arc fup- 

plied by obfervations and experiments on natural bodies ; 
lo m logic, the particulars, of which an induction muft 
be made, are to be learned only from the body of arts 

and fciences. Thefe are the fubjeAs on which obferva¬ 
tions muft be made, in order to lay down rules for in- 

vefttgating and proving the truths of which they are 
made ; juft as the genuine performances of any art 
are what muft be confidered and obferved in layino- 
down the rules of that art. No folid precept can be 
formed in logic, except by examining arts and fciences 
and attending to the method of reafoning ufed in them' 

and to the evidence that accompanies it. In propor-’ 
tion as they are cultivated, and no farther, logic may 
be improved. And what is true of the invention of lo- 
gic, is true likewife of the ftudy of it. It can be un' 

-derftood no farther, than the feveral fciences which it 
reviews and criticifes are previoufty underftood Ac 
cord.ngly we find, that all the fyftems of logic which 

have not been compiled from a careful review and ex¬ 
amination of the feveral fciences, confift more of inge¬ 

nious fubtleties than of ufeful precepts affifting to the 
Jtlind in the various parts of knowledge. And when 

logic has been learned before the other fciences, the 
iubltantial parts of it have been fcarce attended to or 
made any ufe of, In the profecution of them ; nor fo 
much as underftood, but in as far as the mind was gra¬ 

dually opened, and brought to recolleA them in its 
progrefs through the fciences. 

“ Logic, is precifely the fame to philofophy that 
works of criticilm are to poetry. The rules of criti- 
enm are formed by an accurate ferutiny and examina¬ 
tion of the beft works of poetry. To one who had 

never read a poem, thefe rules would be obfeure and 
tileleis 5 he could not comprehend them, far lefs would 

fie be able to form a judgment of their juftnefs, and of 

u ue?L10nS °? wh‘ch they are funded- If one perufes 
the beft poetical performances, he will acquire fome de¬ 
gree of tafte, though he has never profeffedly ftudied 
the rules of criticifm ; and lie will, at the fame time, 

lay in materials, and obtain a ftock of examples, which 

may render thefe rules intelligible to him, and enable 
him to judge whether they are juft or not. And by 

afterwards ftudying thefe rules, he improves, refines, 
Suppl, Vok.I. Part II. 

concerning the methods of invention and of probation, 
arc founded on, and deduced from, the feveral fciences 
in which thefe methods are ufed. Neither the obfer- 
vations themfelves, nor the reafons on which they are 

built, can be fully comprehended by one abfolutely ig¬ 
norant of thefe fciences. In ftudying the partilulfr 
fciences, reafon will fpontaneoufly exer; itfelf- if *he 

IZTSATb ufed, die for ^fupply him with a fund S^ ^ 

the different kinds ot evidence and argument are ex- ' the evidence? and be convinced by it/'tlmughTdTes 

not re fie A how tins comes to pafs, nor explicitly confi. i . “v cApneiciy conn* 
der according to what general rules the underftandfng is 

heTfh ?y a.ft7wards ftudying t-hefe rules, one will 

d^k leri ttted/Ur profecut,nS thc feveral fciences; 
the knowledge of the grounds and laws of evidence will 

wro lm ,Vhe/eCr>' °e reJletr,cn> againft employing 
wrong methods of proof and improper kinds of evE 

Andet’had‘|t,0-na m th<lt, °f WjT‘n8 and naturalgenius. And thus logic will greatly contribute to improvement 
in knowledge ; and more fo, when it is ufed as a review 

of the method taken in the profecution of feience, of 
the foundations gone upon, and of the general rules 
that have been obferved, than when it is applied as an 
introduction to the elements of fcience ; for in the for- 

emndvCi,r;ftltS:rS T be- perfcal>’ und«ftood, fuffici. 
ently illuftrated, and put in praAice as they are learned, 
which in the latter is quite iinpoffible.” 

Having thus vindicated the new arrangement with 

7-PCf l° the place w.hlch ft to the ftudy of lo¬ 
gic, he proceeds to inquire in what order the other 
lcienccs Ihould fucceed each other. « Ethics (fays he) 
or moral philofophy is founded as well as logic on^neu- 
matics, and muft therefore come after it. The conftitu. 
tion of man and his feveral aAive powers, muft be ex¬ 
plained, before his bufmefs, his duty, and his happinefs, 
can be d.fcovered. Jurifprudence and politics,Taking 
a more complex view of man than morals, by confider- 
mg his various Hates, as well as his nature and powers 

iZl^L7J^Tictyt be introduced tai — 

, rh °nly rema‘ns then to dett*m'ne whether natural 
philofophy or pneumatology ought, in the order of 
teaching, to have the preference. And many confide- 
m.ons leem to require that the former (hould be ftu- 

fardis-^ if U WT n0t’ pneumatoIoffy would be too 
far disjoined from the practical fciences founded on it • 
one of which, logic, ought, as we have feen to h~ 
..Ugh, 1.11 °f all Bef,d°=., „ ought 

g.„ with the cafieit and moll ob.i™, fubjefl,, ,„d 
proceed giadually to tne moft difficult; and in order to 
this, we ought to comply as much as poffible with the 
ua.ural openings and progrefs of the human mind. 
Now it is evident, that the mind receives firll of all im- 
preffions and ideas of thofe fenfible things with which 
U .surrounded It ,s'not till after it has exercifed its 
faculties about them that it rcfleAs on its own opera- 
nous, or acquires perceptions of them. We are from 
our earlieft infancy accuftomed to obferve external 
things, tnough often tranf.ently and inattentively ; they 
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Gerard, lie always in our view, they fore _ 
---' and we cannot avoid regarding them more or lefs. But 

we feldom attend to the operations of our minds in our 

earlier years ; it is late before we acquire diftiu# no¬ 
tions of them, or can eafily and readily make them the 
objeas of our contemplation. Farther, external ienfa- 

tion, by which bodies are perceived, is a more palpable 
kind of evidence than internal, from which all our 
knowledge of fpirits is derived ; it ftrikes and affeas us 

The philofophy of fpirits as well as that of 

bodies, is founded folely on experiments and obferva- 
tions ; but in the latter it is much eafier to make thefe 
than in the former : we can put bodies in any fituation 

that we pleafe, and obferve at leifure their effe#s on 
one another : but the phenomena of the mind are of a 

lefs conftant nature ; we mull catch them in an inftant, 
and be content to glean them up, by obferving their 
effeas as they accidentally difeover themfelves in the 

feveral circumftances of life. The reafonings alio by 
which conclufions are deduced concerning mind are ol 
a more abllrufe and difficult nature than thofe employ¬ 

ed in the fcience of bodies ; the ideas about which they 
are converfant are apter to be confounded with one a- 
nother, and are with greater difficulty kept dillina. 

On all thefe accounts, natural philofophy mull be to 
young minds eafier than pneumatology, and confequent- 

ly fhould be taught firft.” 
For this long digreffion, if fuch it (hall be deemed, 

we are perfuaded that thofe who retain any attachment 

to the place where their minds were firft imbued with 
the principles of fcience, will think no apology requi¬ 
site, when they are informed, that the plan of edu¬ 
cation, which is here fo ably defended, was about the 
fame period adopted by both colleges in the univerfity 
of Aberdeen ; that the writer of this article had his 
own education in the King’s college ; and that in the 

profperity of that college he Hill feels himfelf deeply 
interefted. Let it be remembered, too, that the pub¬ 

lication from which this extra# has been made, fur- 
nifhes a proof of profeffor Gerard’s abilities, and of the 

eftimation in which he was held by his colleagues at a 
very early period of life ; and then furely the digref- 

fion will not be thought impertinent. 
He was now profeffor of moral philofophy and logic, 

and of thefe fciences alone : but though his plan of <?- 
ducation in the Marifchal College ffiews the order in 
which his le#ures were arranged, we have not been 
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themfelves upon us, foundation to moral virtue; for virtue muff have-been Gerard 

pra#ifed upon fome fteady principle from the earlieft- 
period of human fociety; and the moft eminent pro¬ 
feffor will find fufficient room for the difplay of all his 
learning and ingenuity in illuffrating the principle which 
his own judgment has led him to adopt. 

Of this profeffor Gerard was fully fenfible; and 

whilft he was conlcientioufly difeharging his duty to 
his pupils, he neglected no opportunity of improving 

himlelf. He was member of a literary fociety at 
Aberdeen, of which the refpe#ability will not be ^ 
queftioned, when it is known that it confifted of fuch 

men as the late Doctors Blackvvel, Gregory, Reid, and 
Campbell, with Dr Beattie, and many others of per¬ 
haps equal talents, though not known to the world as 
authors (b). This fociety met regularly during the 

winter, we believe once every fortnight; the members 
communicated their fentimems with the utmoft free¬ 
dom ; every novel opinion was fure to be canvaffed on 
all fides with impartiality ; the underftaudings of the 
members were thus mutually whetted ; and hence ori¬ 

ginated Reid’s Inquiry into the Human Mind, Grego¬ 
ry’s Comparative View, Gerard’s EJfay on Genius, Beat¬ 

tie’s EJjay on Truth, and Campbell’s Philofophy of Rhe• 

toric. 
On the 5th of September 1759, Mr Gerard was or¬ 

dained a minifter of the Church of Scotland ; on the 

nth of June 1760, he was appointed profeffgr of di¬ 
vinity in the Marifchal College, and minifter of the 
Grayfriars church in Aberdeen ; and at the fame time* 
as we fuppofe, created do#or in divinity. 

On the 18th of June 1771 he refigned his profeffor- 
fhip in Marifchal College, together with his church- 

living, and was preferred to the theological chair in 
the univerfity of King’s College, then become vacant 
by the death of profeffor Lumifden. In that ftation 

he continued, profecuting his ftudies, beloved by his 
colleagues, and revered by his pupils, till his birth-day 
179- ; when, having juft completed his 67th year, he 

died without a groan. His death was occafioned by a 
fchirrous tumor, which began to appear on his face 

in the year 1794, but without confining him to the 
houfe, or, except for a very few weeks, interrupting 
his ufual purfuits. It impaired, however, his health, 
and gradually undermined I113 conftitution. Of this 
he was very foon fenfible ; but he faw his diffolution 
approaching with the utmoft compofure and refignation. 

able to learn on what foundation he built his fyftem of and preferved to all about him fo much of that equani- 
- .. 1 mity and placidnefs of temper which had marked the 

whole courfe of his life, that of him may truly be (aid* 

Multis illi multos annos precantibus 
Diri carcinomatis veneno contabuit, 

Nexibufque vitas paulatim refolutis, 
E terris, meliora fperans, emigravit. 

Were we to hazard an opinion of Dr Gerard’s intel¬ 

lectual powers, from having attentively perufed his 
works, 

ethics. As Hutchefon’s Moral Philofophy was then 

much read and admired, it will not detra# from Mr 
Gerard’s merits to fuppofe, that, with his predeceffor 
Mr Fordyce, he was an advocate for the moralfenfe of 
that author; for there are but three or four founda¬ 

tions on which a fyftem of ethics can be raifed ; and it 
may be doubted whether there be one of them which is 

not as old as the age of Plato. It would indeed be ri¬ 
diculous in any modern (a) to aim at giving a new 

(a) The friends of Mr Godwin, who affe# to call his Political Juftice the new philofophy, will, of courfe, 

think this a rafh affertion ; but were it worth while, it would be no very difficult talk to produce, from the 
atheiftical writers of antient Greece, fomething fimilar even to his wildeft paradoxes. Dr Gerard was too well 
acquainted with the fubjeCt, and too warm a friend to genuine virtue, to pretend to novelty in moral fcience. 

(b) Such as Profeffor Thomas Gordon, who read lectures in the King’s College for 63 or 64 years, and 

whofe learning was equalled only by his virtues. 
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Gerard, works, we would lay that he pollened great reditude 

of judgment, rather than any remarkable vigour of 
mind ; that he was capable, by intenfe ftudy, of be¬ 

coming mailer of almoft any fubjed, though perhaps he 
had not the imagination requilite for making difcoveries 

in fcience ; and that his attainments were foil'd rather 
than brilliant. What he knew, he knew thoroughly ; 

but to us his knowledge feems to have been the reward 
of labour. 

By one, to whom he was well known, and who 
♦ Dr Beat‘ hfmfelf Hands high in the republic of letters*, we are 

1ie* allured that he had improved his memory to fuch a de¬ 
gree, that, in little more than an hour, he could get 
by heart any fermon of ordinary length ; though far 
from availing himfelf of this talent, as many would 
have done, he compofed with care all the fermons that 
he preached. In early life he made it a rule not to 
ftudy after fupper ; and from that rule he never deviat¬ 
ed, but amufed himfelf after that time, either with the 
converfation of his family, or with any light reading 
that came in his way ; and he was generally in bed by 
half pall eleven. He feems not to have approved of 
early more than of late ftudy ; for though, for a few 

years, when as profeflor of pliilofophy he had various 
fciences to teach, he rofe regularly, during winter, at 

five in the morning, he difeontinued that pradice as 
foon as he had it in his power, and did not enter upon 
ferious ftudy till after breakfaft, generally about ten 
o’clock. He was indeed very laborious through the 
day, and could with difficulty be perfuaded to take 
any bodily exercife ; but being remarkably temperate 
in eating and drinking, he enjoyed very good health, 

which was only occasionally interrupted by thofe fto- 
n ach complaints, to which men of fedentary lives are 
often fubjed. 

The fruits of this inceflant ftudy were, befides the 
k&ures which lie read to his different claftes, ift, An 
EJfay on Tajle, to which, in 1756, was adjudged the 
gold medal by the Philofophical Society of Edinburgh 
(See Societies, Encycl.), which had propofed tafte as 
the fubjedl for a prize. Of this efTay there has been 
a fecond, and a third edition; of which the laft, which 
was publiffied in 1780, is confiderably enlarged and 
improved, id, Dljfertations on the Genius and Eviden¬ 
ces of Chrijlianity, publiffied in 1766. $d, An EJfay on 
Genius, publiffied in 1774. 4th, Two volumes of Ser¬ 
mons ; of which the firft was publiffied in 1780, and 
the fecond in 1782. 5th, A part of his theological 
courfe, entitled 'The Pajloral Care, which was publfffi- 

ed in 1799 by ^ls f°n Dr Gilbert Oerard, who fuc- 
ceeded him as profeffor of divinity in the King’s col¬ 
lege and univeriity of Aberdeen. Befides thefe works 
Dr Gerard publiffied many fingle fermons, which were 
preached 011 occafional fubjeds. 

Of this amiable and refpedable inftrudor of youth, 
. we have been favoured with the following charader, 

Skene Ogil- drawn b7 a man of talents and virtue f , who was firft 
*ie, Old A- b*s PUP!1 and afterwards his friend ; and though it 
fordeen. made part of a funeral fermon, we believe that, by 

thofe who were moil intimately acquainted with Dr 

Gerard, the panegyric which it contains will not be 
deemed extravagant. 

** 1° domeftic life, his condud was amiable and ex¬ 
emplary. He poffeffed, in a high degree, that kindnefs 

of heart and affability of manner which interefted him 

at all times m the happinefs of his dependants, prefer- G?rard. - 
ved good humour in his houfe, and endeared him to his ’-v——' 
family. He knew how to check improprieties with¬ 
out harffinefs, and when and how to indulge without 

impairing his authority. His natural good fenfe, ftea- 

dinefs, and prudence, prevented him from being thrown 
into confufion by the adverfe incidents of life ; and e- 

nabled him, in preffing emergencies, to adopt wife 
meatures, and to adminifter falutary eounfel. His ten¬ 

der fympathy foothed the troubled hour of forrow ; 
his rational and friendy advice guided his family thro’ 
the perplexities of life, and he feelingly rejoiced in all 

their innocent enjoyments. His attachments were not 
confined to his family or his relatives ; he was fufeep- 
tible of warm friendftiip. In feleding the objeds of it 

he was cautious, always preferring thofe vvhofe merits 
entitled them to confidence and regard. His attach¬ 
ment, fiovvly formed, was not to be ffiaken by every 
oblique infinuation, or by every idle report to the pre¬ 

judice of his friend. Steady in his profeftions of re¬ 

gard, he was capable of coniiderable and difinterefted 
exertions to ferve thofe whom he really efteerr.cd. To 
his judicious advice they had ready accefs ; and his heft 
efforts to promote their good they could always com¬ 

mand. As a member of fociety, his houfe was ever 
the feat of hofpitality, and his door was always open 

to the llranger. In entertaining his friends, he equal¬ 

ly avoided the extravagance and oftentation which did 
not become his charader or fuit his fortune, and the 
rigid economy which marks the condud of thofe who 
give with a reludant and fparing hand. He neither 

anxioufly courted, nor affectedly ffiunned learned con¬ 
verfation. While he never obtruded upon company 

fubjeds which, by the difplay of fuperior knowledge 
or abilities, were calculated to gratify his own vanity 
at the expence of hurting others, he always ftudied, as 
far as propriety would admit, to adapt his converfa¬ 
tion to the temper and inclinations of his affociates. 
To pleafe the young, and to promote their liarmlefs 
feftivity, was ever his delight; with cheerfulnefs he de- 
feended to their trivial amufements, and 111 his prefence 
they felt no reftraints but thofe which virtue and de¬ 

cency impofe. Though he often left for a little ftu- 
dies in which he was keenly engaged, to enjoy the con¬ 
verfation of a friend, he never fuffered his love of fo¬ 
ciety, one of his ftrongeft paffions, to induce him to 
facrifice any important literary purfuit, or to negled 
any neceftary bufinefs. 

“ As a clergyman, the office which he held for feve- 
ral years in Marifchal college rendered it lifs duty to be 

a daily preacher, and gave him a feat in the ecclefiaftical 
courts. But the unavoidable labour of preparing pre- 
ledions for his theological pupils, did not prevent his 

unremitting attention to his public exhibitions in the 
pulpit. Thefe were marked by that diftinClnefs of 
arrangement, that juftnefs of reafoning, and that accu¬ 
racy of compofition, which effedually fecured the ap¬ 

probation of the ableft judges; while by their plain- 
nefs and fimplicity, they failed not of promoting* the 

edification of the meaneft capacities. To the low arts 
of acquiring popularity he never Hooped : But his 
prudence, his good fenfe, his exemplary condud, and 

his minifterial diligence, eftabliffied his refpedability 
and ufefulnefs, and procured him the full confidence 

and efteem of his colleagues. Pofleffing more than 6r- 
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Gerard, dinarv excellence, envy never led him to depreciate the 

—v-merits of other preachers. Though one of the bed of 

judges, he was always one of the moil candid hearers. 
When by his tranfhtion to the univerfity of King's 

college he was releafed from the labour of conftant 
preaching, far from (hewing any averfion to difeharge 

the mod public minifterial-duties, he was always obe¬ 
dient to prefbyterial appointments ; and while health 
and itrength remained, willing to oblige his clerical 
friends by appearing in their pulpits. Nor in private 

life did he ever lofe fight of the cha rafter of a clergy¬ 
man. Having in a publication ably defended its re- 
fpeftability, in oppofition to the feoffs and fneers and 

fophifms of modern fceptics ; he coufidered it as his 
honour, in his life and conveifation, to difplay its dig¬ 

nity and importance ; and to fiiew that the gravity of a 
Chriflian pallor is perfeftly confident with the good 
breeding of a gentleman, and with the cheerfulnefs, af¬ 

fability, and eafe of an agreeable companion. 
“ As a man of letters, his attainments were far above 

thofe at which the generality of duderits arrive. In 
his literary purfuits, lie had all the advantages of a 
judgment uncommonly clear and didinft ; aided, from 

his earlied years, by the mcll indefatigable and perfe- 
vering dudy. The well-earned reputation with which, 
before he was promoted to the theological chair, he 
taught in Marifchal college different fcicnces, incon- 
tcdibly proves that his powers, not confined to one fub- 
jeft, juftly entitled him to eminence in feveral branches 

of literature. His publications, feveral of w hich have 
been tranflated into other languages, promife fair to ex¬ 
tend his fame, and to hand it down to generations yet 
unborn ; and his unremitting labours promifed dill a far¬ 
ther contribution to the general dock of learning. 

“ As a profelfor of divinity, he will be long and grate¬ 

fully remembered by his numerous pupils. This was 
his peculiar department, and in this he fhone. Poffef- 
iing large dores of theological knowledge, he was ju¬ 
dicious in felefting his fubjefts, happy and fuccefsful 

in his manner of communicating indruftion. He had 
the merit of introducing a new, and in many refpefts a 
better plan of theological education, than thofe on 

which it had been formerly condufted. Liberal, but 
not loofe, in his fentiments, his great aim was, not to 
impofe by his authority upon his pupils any favourite 

fyilem of opinions ; but to imprefs them with a fenfe 
of the importance of the miniderial office, to teach them 
the proper manner of difeharging all its duties, and to 
enable them, by the knowledge of Scripture, to form a 
jud and impartial judgment on controverted fabjefts. 
Solicitous for their improvement, he was ever ready to 
encourage rifing merit by bis warmed approbation ; and 
reluftant to damp even unfuccefsful efforts of genius 

by deferved cenfuve. Having a condant eye to what 
is praftically ufeful, rather than to unedifying fpecula- 
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tion, lie enjoined no duty which he was unwilling to Germina* 
exemplify in his own conduft. Hence, that drift re- 

gard to the miniderial eharafter which he uniformly " v 
difplayed, and hence his uncommon punctuality in at¬ 
tending the public ordinances of religion.” 

GERMINATION, among botanids, is a very in¬ 

tending fubjeft, on which the late difeoveries in che- 
midry have thrown much light fince the article Ger¬ 

mination was publifhed in the Encyclopedia. In the 
year 1793, Mr Humboldt difeovered that fimple me¬ 
tallic fubdanccs are unfavourable to the germination of 
plants, and that metallic oxides favour it in proportion 
to their degree of oxidation. This difeovery induced 
him to fearch for 3 fubdance with which,oxygen might 
be fo weakly combined as to be ealily feparated, and 

he made choice of oxigenated muriatic acid gas mix¬ 
ed with water. Creffes (lepidium fathum) in the oxy¬ 
genated muriatic acid fhewed germs at the end of fix 
hours, and in common water at the end of 32 hours. 
The aft ion of the fird fluid on the vegetable fibres is 
announced by an enormous quantity of air bubbles 

which cover the feeds, a phenomenon not exhibited 
by water till at the end of from 30 to 45 minutes. 
Thefe experiments, announced in Humboldt’s Flora 
Sulterranea Fribergenfis, and in his Aphorifms on the 
chemical pliyfiology of Plants, have been repeated by- 
others (a). They were made at a temperature of from 

12 to 15 Reaumur. In the fummer of 1796, Hum¬ 
boldt began a new feries of experiments, and found 
that by joining the dimulus of caloric to that of oxy¬ 
gen lie was enabled dill more to accelerate the pro- 
grefs of vegetation. He took the feeds of garden 

crelfes (lepidium fathum), peas (pifum fathom), French 
beans (phafeolis vulgaris), garden lettuce (laduca fati- 
va)9 mignonette (refeda odorata) ; equal quantities of 
which were thrown into pure water and the oxygena¬ 

ted muriatic acid at a temperature of 88° F. Creffes 
exhibited germs in three hours in the oxigenated mu¬ 

riatic acid, while none were feen in water till the end 

of 26 hours. In the muriatic, nitric (b), or fiilphurjc 
acid, pnre or mixed with water, there was no germ at 
all: the oxygen feemed there to be too intimately unit¬ 
ed with bales of azot or fulphur, to be difengaged by 

the affinities prefented by the fibres of the vegetable. 
The author announces, that his’ difeoveries may one 
day be of great benefit in the cultivation of plants.. 
His experiments have been repeated with great induf- 
try and zeal by feveral didinguifhed philofophers. P10- 

feffor Pohl at Drefden caufed to germinate in oxyge¬ 

nated muriatic acid the feed of a new kind of euphorbia 
taken from Bocconi’s colleftion of dried plants, 110 or 
120 years old. jacquin and Vander Schott at Vienna 

threw into oxygenated muriatic acid all the old feeds 
which had been kept 20 or 30 years at the botanical 

garden, every attempt to produce vegetation in which 

[ 700 J 

(a) See Uflar’s Fragments of Phytology, Plenck’s Pliyfiology, Villdenow’s Dendrology, and Diflionnaire dt 

Fhyfique par Gehler. 
(b) The nitric acid, however, diluted with a great deal of water, accelerates germination alfo, according to 

the experiments of Candolle, a young naturalift, who has applied with great fuccefs to vegetable phyfiology. 
This phenomena is the more interefling, as chemiflry affords other analogies of the oxygenated muriatic acid 
and the nitric acid. Profeffor Pfafs at Kiel, by purfuing Humboldt’s experiments, has found that frogs iuffoc3- 

ted in oxygenated muriatic acid gas increafe in irritability, while thofe which perifh in carbonic acid gas are lef& 
fenfible of galvanifm. 



G H E 
Oefcfce, 
Ghcyffi- 

qnas. 

had been fruitlefs, and the greater part of them were 
{Emulated with fuccefs. Even the hardell feeds yield- 

j ed to this agent. Among tliofe which germinated 
were the yellow bonduc or hickar tree [guilandina 
bondtic), the pigeon cytifus or pigeon pea (cytifus ca- 
jan), the dodonea angujlifolia, the climbing mimofa (mu 
rtiofa fcondens), and new kinds of the homea_There 
are now (hewn at Vienna very valuable plants which 
are entirely owing to the oxygenated muriatic acid, 
and which are at prefent from live to eight inches in 

height. Humboldt caufed to germinate the clufia ro- 
feci, the feeds of which had been brought from the Ba¬ 

hama iflands by Boofe, and which before had refilled 
every effort to make them vegetate. For this pur- 

pofe he employed a new procefs, which feems likely to 
be much eafier for gardeners who have not an oppor¬ 
tunity of procuring oxfgenated muriatic acid: He 
formed a pafle by mixing the feeds with the black 
oxide of manganefe, and then poured over it the mu¬ 
riatic acid diluted with water. Three cubic inches of 
water were mixed with half a cubic inch of the mu¬ 
riatic acid. "I he veffel which contains this mixture 

mufl be covered, but not clofely fhut ; elfe it might 
readily buril. At the temperature of 95° the muriatic 
acid becomes flrongly oxidated ; the oxigenated muria¬ 
tic gas. which is difengaged paffes through the feeds 5 
and it is during this paffage that irritation of the vege¬ 
table fibres takes place.~~-Philofeophical Magazine. 

GESCHE el Aube, or Gir. Gir, a fpecies of grafs 
growing plentifully near Ras el Feel on the borders of 
Abyffinia. . It begins, fays Mr Bruce, to fhoot in the 
end of April, when it firfl feels the humidity of the air. 
Jt advances then fpeedily to its full height, which is 
about 3 feet 4 inches. It is ripe in the beginning of 
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Briquas and Bremas, whom they confider as tribes of 
CafFrcs. 

# With refpe£l to fuch chara&eriftlcs as are not ori¬ 
ginal and derived from nature, as the form of their 

drefs, weapons, inflruments of mufic, fondnefs for hunt¬ 
ing and dancing, and the like, the Gheyfliquas do not 
differ from the furrounding nations, except in having 
adopted a particular colour for their ornaments. All 

the ornaments of the Gheyfliquas are white, and com- 
pofed of the bones of a fheep’s leg or foot, to which 

they give a dazzling wlntenefs by procefles peculiar to 
themfelves. Fhus, as they fabricate their own neck¬ 
laces and other articles of luxury, and have no occalion 
to purchafe the materials, they have no dependence on 
the colonies with refpeCt to trade, except for a few ne- 
ceffary articles, which they want in common with o- 
ther favages. Accordingly this nation is lefs known 
and lefs viiited than any other. 

The women are well made, lively, and always ready 
to laugh or dance : ydt, with all the gaiety of their dif- 

pofition, they have the refervednefs of manners to which, 
polifhed nations give the names of modeily and deco¬ 
rum, and which, in fo warm a climate, and with fuch 

aident conftitutions, appears to be a virtue of no eafy 
attainment. 

Our author fays that he no where met with a nation 
fo truly generous. Though he had nothing to give in 

exchange, yet during two days that he Haiti with them, 
he had bowls of milk brought to him as prefents, night 
and morning, from every hut. The chief even obliged 
him to accept a lamb ; and though our traveller’s at¬ 
tendants were not deftitute of provisions, he would give 
them alfo feveral fheep with which to regale themfelves; 
a degree of generofity of which a proper efliinate can 

Gheyflio 
quas. 

^ 1 , n r, f X uv&"mui6 U1 gcncruniy or wnicii a proper eitimate can 
May, and decays, if not deftroyed by fire, very foon af- be formed only by thofe who know fometlilna of favaKe 
terwards. manners and favage penury 

The leaf is long, pointed, narrow, and of a feeble 
texture. The flocK from which it Ihoots produces 
leaves in great abundance, which foon turn yellow and 
fall to the ground. The goats, the only cattle thefe 
miferable people have, are very fond of it, and for it a- 
bandon all 6ther food while it is within their reach. 
On the leaves of Tome plants our author faw a very 
fmall glutinous juice, like to what we fee upon the 
leaves of the lime or the plane, but in much lefs quan¬ 
tity ; this is of the take of fugar. 

1'rom the root of the branch arifes a number of ftalks, 
fometimes two, but never, as far as lie had feen, more 
than three. The dower and feed are defended by a 
wonderful perfection and quantity of fmall parts. The 
head, when in its maturity, is of a purplifh brown. 

This fpecies of grafs was one of the acquisitions of 
our author’s travels. It was not before known in Eu¬ 
rope, nor when he publifhed his hook had the feed 
produced a plant any where but in the garden of the 
French king. 

GHEY88IQTTAS, a nation of Hottentots which 
inhabits a diftriCt of South Africa bordering on the 

country of Caffraria. M. Vaillant vffited a horde of 
this people at no great diftance from Orange river, as 
he was returning from his lafl African excurfion to the 
Cape, and was fliewn by them a chain of mountains to 
the eaft, which extending to a diftance was loft in the 

north, and which, inhabited by their principal tribes, 

feparated them from the CafFres, or at leak from the 

The praCtice of femi-caftration prevails among the 
Gheyfliquas, and among them only of all the Hotten¬ 
tot tribes ; and it prevails in all their hordes without 
exception. Our author convinced himfelf of this faH 
by his own eyes ; for the men were fo complaifant, 
that, if he had chofen, lie might have iiifpettcd the 

whole horde.. Many travellers have written upon the 
fubjedl of this wliimfical operation; but they do not 
agree either as to its origin, the motives that lead to 
its invention, or the nations by whom it is pradlifed. 
Kolben, who fays that it commonly confifts in the ex¬ 
traction of the left teflicle, reprefents it as a religious 
ceremony, a general and facrcd law, with all the Hot¬ 

tentots indiferiminately ; but this is unqueftionabiy 

falfe. (See Hottentots, EncycL) Others attribute 
it to the deflre of the Gheyfliquas to render themfelves 
more fleet in running, an efteft which it furely is not 

calculated to produce ; and fome have faid that its in¬ 
tention is to prevent the too abundant propagation of 
the fpecies. . Yet Kolben, though he feems inclined to 
this lafl opinion, affirms that twins are not the lefs 

common on account of the operation. According to 
thofe whom M. Vaillant queflioned on the fubjedt, it 

is merely a mark of diflin&ion, which their ariceflors, 
being at war with the neighbouring nations, invented5 

i-1 PurP°k knowing one another ; but, as he 
himfelf admits, this is a very improbable account of the 

matter, ‘as they would furely have adopted, like the 

Loangoes, Pomboes, and Cormantins, marks of diftinc. 

tion 
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Ghirgong. tion more eafily diieerned. Be this as it may, the ope- 

-ration among the Gheyfliquaa is performed by the fa¬ 
ther, eommonly at the birth of the child, though fome- 

times not till he has completed his third year. 
GHIRGONG, the capital of Afam in Hindoftan, is, 

according to Mr Pennant, fituated in latitude 26° 30' 
north. He does not date its longitude. It has four 
gates, and the city is encompaffed with a bound hedge 

of bamboos. The Rajah’s palace & furrounded by a 
caufey, planted on each fiae with a clofe hedge of 
bamboos, which ferves inftead of a wall. On the out- 
fide there is a ditch, which is always full of water. 
The Rajah’s feat is adorned with lattiee work and car¬ 
ving. Within and without have been placed plates of 

brafs, fo well polifhed, that when the rays of the fun 
ffrike upon them they fhine like mirrors. It is an af- 
certained faft, that 3000 carpenters and 12,000 la¬ 
bourers were conftantly employed in this work during 

two years before it was finifhed. 
The Afiatic Refearehcs fpeak much of the wealth of 

Afam, and of the plenty and excellency of its natural 
produftions, and that it abounds in all metals but tin. 
Gold is found in every part of the country by wafhing 

the fand of the rivers, and is one of the fources of re¬ 
venue ; 12,000, fome fay 20,000 people, are employed 
in that work, each of whom has from the Rajah cer¬ 

tain wages. Its gum lac is excellent, and it is very 

produftive of iilk. 
Among the fruits which this country produces arc 

mangoes, plantains, jacks, oranges, citrons, limes, pine 
apples, and puniala, a fpecies of tamarind, which has 
fucli an excellent flavour, that every perfon who taftes 
it prefers it to the plum. There are alfo eoeoa nut 
trees, pepper vines, and arena trees. The fugar cane 
excels in foftnefs and fvveetnefs, and is of three colours, 
red, blaek, and white. There is ginger free from fibres, 
and betel vines. The flrength of vegetation and fer¬ 

tility of the foil are fueh, that whatever feed is fown 

or flips planted they always thrive. The environs of 
Ghirgong furnffh ftnall aprieots, yams, and pomegra¬ 

nates ; but as thefe articles are wild, and not afiifted by 
cultivation and engraftment, they are very indifferent. 
The principal crop in this country confifls in rice and 
lentiles. Wheat and barley are never fown ; lignum 
aloes is alfo a production of this country. The iilk3 
are excellent, and refembie thofe of China, but they 
manufacture very few more than are required for ufe. 

They are fuceefsful in embroidering with flowers and 
in weaving velvet.— One of their great forefts is inha¬ 

bited by abundance of elephants : 6 or 700 may be ta¬ 
ken in a year, but they are neglefted by the natives, 

who have neither horfes, camels, nor affes, fuch as are 

brought from other countries. 
According to our author, “ the people of Afam are 

a bafe unprincipled nation, and have no fixed religion. 
They follow no rule but that of their own inclination, 
and make their own vicious minds the teft of the pro¬ 
priety of their aftions. They do not adopt any mode 
of worfhip praftifed either by heathens or Mahome- 
dans, nor do they concur with any of the known fefts 
which prevail among mankind ; unlike the pagans of 
Hindolian, they do not rejeft viftuals which have been 
dreffed by Modems, and they abftain from no flefh ex¬ 
cept human. They even eat animals that have died a 
natural death.” 
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On this pafiage, one of the ableft of our literary jour- Gibbon, 

nalifls obferves, that in jultiee to the people of Afam, ~ 
we mull remark, that the above account, extrafted 
from the memoirs of Mir Jumla’s expedition into that 
country, was compofed by a rigid Mahomedan, at the 

court of that fanatical tyrant Aurengzebe. The au¬ 
thor and his mailer faw, in the Afamefe, only idola- ^ 
ters ; and, in idolaters, the meaneft of mankind. Their 
diet, though lefs reftrifted than that of the Hindoos of 
Bengal, is by no means promifcuous; and their reli¬ 
gion does not in any way differ from that of Hindof¬ 
tan,—as might eafily be proved by their coins, inferib- 

ed with the names of Hindoo deities. 
GIBBON (Edward, Efq.), the celebrated hiftorian 

of the Decline and Fall of the Roman Empire, was 
born at Putney in the eounty of Surrey on the 27th of 
April 1737. He was the firft child of the marriage of 
Edward Gibbon, Efq; and Judith Porten, the youngeft 

daughter of a merchant of London. 
The family of Gibbon appears to be ancient and ho¬ 

nourable; and our author delights to trace his pedigree 
from John Gibbon architeft to King Edward III, who 
poffeffed lands in the hundred and parifh of Rolvenden, 

in the diftrift which is now called the Weald of Kent. 
In that diffrift the elder braneh of the family flill ad¬ 
heres to its native foil, without much increafe or dimi¬ 
nution of property ; but the fortunes of the younger 
branch, from which fprung the fubjeft of this memoir, 
were fluftuating. It is not, however, with his family, 

but with himfelf, that we are concerned. 
So feeble was his conftitution, and fo preearious his 

life during hischildifli years, that at the baptifm of each 
of his brothers (and they were five in number) his fa¬ 
ther’s prudence fuceeflively repeated the name of Ed¬ 
ward, that, in cafe of the death of the eldell fon, this 
patronymiek appellation might flill be perpetuated in the 

family. His brothers and a filler were all fnatched away 
in their infancy; and, in terms of affeftionate gratitude, 

he attributes bis own prefervation to the more than ma¬ 
ternal eare of a maiden aunt, his mother’s eldell filler. 
“ Many anxious and folitary days (fays he) did that 
dear and excellent woman confume in the patient trial 
of every mode of relief and amufement. Many wake¬ 
ful nights did (he fit by my bed-fide in trembling expec¬ 
tation that each hour would be my laft. Suffice it to fay, 
that while every practitioner from Sloane and Ward to 
the Chevalier Taylor was fueeeffively fummoned to tor¬ 
ture or relieve me, the care of my mind was too fre¬ 
quently negleCled for that of my health. Compaffion 
always fuggefted an exeufe for the indulgence of the 

matter, or the idlenefs of the pupil ; and the ehain of 
my education was broken as often as I was called from 

the fchool of learning to the bed of ficknefs.” 
His education feems indeed to' have been far from 

fyllematical. At the age of feven he was delivered in¬ 
to the hands of Mr John Kirby, who exercifed about 
eighteen months the offiee of his domeflic tutor, and of 
whom he writes in terms of refpeft. This man had 
been an indigent curate in Cumberland, and when for¬ 
ced by dillrefs to leave his native country, he was in¬ 
troduced by his learning and his virtue to the family of 
Mr Gibbon, from whom he might have found at lead 
a temporary fhelter, had not an aft of indiferetion again 
driven him into the world. One day reading prayers 

in the parifli church, he moft unluckily forgot the name 
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Gibbon, of King George ; and his patron, a loyal fuhjeft, dif- 

v ^ miffed him with fome reluctance and a decent reward. 

As our author defcribes his anceflors as hereditary To¬ 
ries, and fome of them as Jacobites, we think it not im¬ 
probable that Mr Kirby may have been accuftomed to 
omit 111 e name of the King when reading prayers in the 

tainiiy ; for otherwife he would have pronounced it me¬ 
chanically in the church. 

Be this as it may, our author, upon the difmifiion of 
his tutor, was fent to Kingfton upon Thames, to a 

fehool of feventy boys kept by DrWooddefon and his 

affiftants He does not reprefent himfelf either as happy 
or as having made great progrefs at that fehool. The 

want of llrength and activity difqualified him for the 
fports of the Held ; his companions reviled him for the 
fins of his Tory anceflors ; and his fludies were fre¬ 
quently interrupted by ficknefs. After a real or no¬ 
minal refidence of near two years at Kingfton, lie was 
finally recalled (Dec. 1747) by the death of his mother. 

By this time he was well acquainted with Pope’s Ho¬ 

mer, the Arabian Nights Entertainments, Dryden’s 
Virgil, and a tranflation of Ovid’s Metairiorphofes ; and 
the entertainment which he received from thefe books 
gave him a tafle for defultory reading. 

After living a year with his maternal aunt, during 

which period he read many books on religious fubjedts 
too deep for the comprehenfion of a boy, he was in Ja¬ 
nuary 1749 entered in Weftminfler fehool, of which 
Dr John Nicholl was at that time head mailer. “ There 
(fays he) in the fpace of two years, interrupted by dan¬ 
ger and debility, I painfully climbed into the third 

• form ; and my riPer age was left to acquire the beauties 
of the Latin and the rudiments of the Greek tongue. 
Inflead of audacioiifly mingling in the fports, the quar¬ 

rels, and the connexions of our little world, I was flill 
cherifhed at home under the maternal wing of my aunt, 
who now lived in College-flreet ; and my removal from 
Weftminfler long preceded the approach of manhood.’’ 

He was firft carried to Bath for the recovery of his 
health; then to Winchefter, where he lived in the houfe 
of a phyfician ; then to Bath again, where he read with 

[ 703 ] G I B 
whole days and weeks were fuffered to elapfe without 
labour or amufement, without advice or account.” We ' 
fhall make no other remark on this paffage, than that 
from gentlemen, who muft have been contemporary 

with Mr Gibbon at Magdalen, we have received differ¬ 
ent accounts of the college ; and it is furely a very An¬ 

gular circnmflancc, that at this period of idlenefs, our 
author fliould have become enamoured of Sir John 

Marfham’s Canon Chronicus, and have conceived the 
idea of writing <\x\\EJJay on the agf of Sefnjlris. Such, 
however, was the cafe. Not only was the effay plan¬ 
ned, but part of it was written ; and though he never 

finifhed it, he declares, that his folution of fome diffi¬ 
culties in chronology was not devoid of ingenuity ; but 
he goes on to vilify Oxford. “ It might at leaft be ex¬ 

pected (fays he), that an tcclefiaftical fehool fhould in¬ 
culcate the orthodox principles of religion. But our 
venerable mother had contrived to unite the oppofite 
extremes of bigotry and indifference : an heretic, or un¬ 
believer, was a moiifter in her eyes ; but file was always, 
or often, orfometanes (a), remifs in the fpiritual educa¬ 
tion of her own children. Without a fingle ledture, 

either public or private, either Chriftian or Proteftant, 
without any academical fubfeription, without any E- 
pifcepal confirmation, I was led by the dim light of my 
catechifin to grope my way to the chapel and commu¬ 
nion table, where I was admitted without a queflion, 
how far, or by what means, I might be qualified to re¬ 
ceive the facranaent. Such almoft incredible negledl 
was productive of the vvorft mifehiefs. From my child¬ 
hood T had been fond of religious difputation ; nor had 
the elaflic fpririg been totally broken by the weight of 
the atniofphere of Oxford. The blind aCtivity of idlenefs 

urged me to advance without armour into the danger¬ 
ous mazes of controverfy; and, at the age of fixteen, I be¬ 
wildered myfelf in the errors of the church of Rome.” 

( Thus anxious is our author to account for his recon¬ 
ciliation to the Romifh church by the negligence of the 
tutors of his college. This event took place on the 8th 
of June 1753, when, at the feet of a prieft in London, he 
foiemilly, though privately, abjured the errors of herefy. 

Gibbon. 

„ * r A r tt b\ y 1 luicmmy, imnigu privately, aojurea tlie errors ot bereiv 
a clergyman fome odes of Horace and fome epifodes of An elaborate controvcrfial epiftle, approved by his direc 
Virgil; alter which an unfuccefsful trial was made tn rp- tr»r. anrl nAAmW^A t^ --- 1 _ 1 • /it* Virgil; after which an unfuccefsful trial was made to re 
new his attendance at Weftminfter fehool. “ It might 

now be apprehended (fays he) that I fhould continue 
for life an illiterate cripple ; but as I approached iny 
fix teen til year, Nature difplayed in my favour her ruv- 

fterious energies: my conftitution was fortified and fixed; 
and my diforders inftead of growing with my growth, 
and {Lengthening with my llrength, moil wonderfully 

vaniftied. In confequence of this lie was carried to 
Oxford ; and before he had accompli (lied his fifteenth 
year, was, on April 3. 1752, matriculated a gentleman 
commoner of Magdalen college. 

For the honour of that celebrated lmiverfity, we 
would fain hope that the account which Mr Gibbon 
gives of Magdalen college is greatly exaggerated. He 
reprefents his tutors as totally regardleis of his morals 
or his fludies. Speaking of the firft and beft of them, 
fur he had two, he fays, “ No plan of ftudy was recom¬ 
mended for my ufe ; no exercifes were preferibed for his 
infpedlion ; and, at the moil precious feafon of youth, 
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tor, and addreffed to his father, announced and juftified 
the flep lie had taken ; and the old gentleman, in the firft 
fally of paffion, divulging the fccret*, the gates of Mag¬ 
dalen college were ffiut againft the convert. It was ne- 
ceffary therefore to form a new plan of education ; and 
our young Catholic, by the advice of Mr Eliot (after¬ 
wards Lord Eliot), was fettled, on the 30th of June, 
under the roof and tuition of Mr Pavilliard, a Calvinift 
minifter at Laufanne in Switzerland. 

Fie reprefents his fituation there as at firft extremely 
uncomfortable. *He could not avoid contrafling a fmall 
chamber, ill contrived and ill furniffied, with his elegant 
apartment in Magdalen college; and M. Pavilliard be¬ 
ing entrnfted with the management of his expences, he 
felt himfelf degraded from the rank of gentleman com¬ 
moner to that of a fchool-boy. He began, however, 

gradually to be reconciled to his fate-5 and his love of 

reading returned, which, he fays, had been.chilled by 
the air of Oxford. He rapidly acquired the French 

language ; and of bis tutor he fays, “ My obligations 

_— to 

as f^onymousf^ are word# of very diffcrwit imPort - why they ufed then, in this fentence* 
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Lbon. to the leffons of Mr Pavilliard gratitude will not fuffer 

mc to forget. He was endued with a clear head and a 

warm heart ; his innate benevolence had affuaged the 
fpirit of the church ; he was rational, becaufe he was 
moderate ; in the courfe of his (Indies, he had acquired 
a juft, though fuperficial knowledge of mo d branches 
of literature ; by long practice he was (killed in the arts 

of teaching ; and he laboured with affiduous patience to 
know the chara&er, gain the affe&ion, and open the 

mind of his Englifh pupil.” 
Under the tuition of this amiable preceptor he de- 

fcribes his progrefs in the French and Latin cladics, in 
hitlory, geography, logic, and metaphyfics, as uncom¬ 
monly rapid ; and he allows to the fame man a hand- 
fome (hare of the honour of reclaiming him from the 
errors of popery. The various difcriminating articles 

of the Romifh creed difappeared like a dream ; and, af¬ 
ter a full convi&ion, on Chriftmas-day 1754, he recei¬ 
ved the facrament in the church of Laufanne. Thus 
had our author communicated with three different fo- 
cieties of Chriftians before the completion of his eigh¬ 
teenth year; and as fuch changes from church to church 
are always dangerous, we need not vender that, in a 

mind fo ill-furni(hed as Mr Gibbon’s then was for the¬ 
ological invelligations, they paved the way for his laft 
change to Deifm. At prefent, however, he fufpended 
bis religious inquiries, acquiefcing (as he fays) with im¬ 
plicit belief in the tenets and myfteries which are adopt¬ 
ed by the general confent of Catholics and Proteftants. 

He continued to profecute his ffudies with ardour. 
Under Mr Pavilliard he learned the Greek alphabet, 
the grammar, and the pronunciation of the language 
according to the French accent, and foon made himfelf 
mafter of the works of Homer, Herodotus, and Xeno¬ 
phon. During two winters he attended the private lec¬ 
tures of M. de Traytorrens, who explained the elements 
of algebra and geometry as far as the conic fe&ions of 

the Marquis de l’Hopital ; but in mathematics he was 
content (he fays) to receive the paffive impreffion of his 

profeffor’s le&ures, without any active exercife of his 
own powers. In the writings of Grotius and Puffen- 
dorf he (ludied the duties of a man, the rights of a ci¬ 
tizen, the theory of juftice, and the laws of peace and 
war, which have had fome influence on the pra&ice of 
modern Europe. Locke’s treatife on government 

(fays he) inftru&ed me in whig principles, which are 
founded rather in reafon than experience ; but my de¬ 

light was in the frequent perufal of Montefquieu, whofe 
energy of ftyle and boldnefs of hypothecs were power¬ 
ful to awaken and ftimulate the genius of the age ” 

We have been thus minute in our account of Mr 
Gibbon’s ffudies, becaufe it furnilhes perhaps the mod 
ufeful leffon which can be drawn from the whole hiftory 
of his life. His education had been rendered irregular, 
and had been often interrupted by ill-health and a fee¬ 

ble conftitution ; but as foon as he was able, and had an 
opportunity, he applied with ardour to the cultivation 

of letters, and his works bear witnefs that his labour 
was crowned with fuccefs. “ This part of Ins ffory 
therefore (to ufe the words of Johnfon) well deferves 
to be remembered. It may afford ufeful admonition 
and powerful encouragement to men whofe abilities have 
been made, for a time, ufelefs, and who, having loll one 
part of life in idlenefs, are tempted to throw away the 
remainder in defpair.” 

In the year 17 57 Voltaire arrived at Lufannd and Gibbon, 
our young Audent’s delire to fee the man who was at 

once a poet, an hidorian, and, as he deemed himfelf, the 
prince of philofophers, was ardent, and eafily gratified. ' 
He was received by the vain and arrogant Frenchman 
with civility as an Englifh youth, but could not boad 
of any peculiar notice or diftination. “ The highed 

gratification (fays he) which I received from Voltaire’s 
refidence at Laufanne, was the uncommon circnmdance 
of hearing a great poet declaim his own produ&ions on 
the dage. His declamation was fafhioned to the pomp 

and cadence of the old dage ; and he expreffed the en- 
thufiafm of poetry rather than the feelings of Nature.” 

About this time Mr Gibbon became enamoured of 
Mademoifelle Sufan Curchod, the daughter of the mi¬ 

tt ider of Craffe, in the mountains which feparate the 
Pays de Vaud from the county of Burgundy. In terms 
of rapture he defcribes this lady as poffeffed of every ac- 
complifliment which could adorn her fex, She lidened 

to the voice of truth and pafllon ; her parents honour¬ 
ably encouraged the connexion ; and our author indul¬ 

ged in the dream of felicity ; but on his return to Eng¬ 
land, he difcovered that his father would not hear of this 
(trange connedion, and that without his confent he 
was deftitute and helplefs. <( After a painful ftrnggle 
(fays he) I yielded to my fate. I fighed as a lover, I 
obeyed as a fon, and my wound was infenfiblv healed 
by time, abfence, and the habits of a new life.” The 
lady confoled herfelfby giving her hand to M. Neckar, 
then a rich banker of Paris, afterwards the minifter, 
and at lad one of the dedroyers of the French mo¬ 

narchy. 
In the fpring of the year 1758 our author was recal¬ 

led to England. On his arrival in London he hadened 
to the houie of his aunt, Mrs Porten, who had been the 
guardian of his tender years ; for though his father was 

in town awaiting his arrival, he knew not how he fhould 
be received by a parent who had parted with him in 
anger, and given him a depmother in his ablence. His 

reception was more agreeable than he expedted. Hi3 
father received him as a man and a friend ; and the 
manners of Mrs Gibbon were fuch, that, after fome-re- 
ferve on his fide, (he and he eafily adopted the tender 
names and genuine charaders of mother and ion ; and*, 
by the indulgence of thefe parents, he was left at liberty 
to confult his own tafte or reafon in the choice of place, 

of company, and of amufements. In London he had 
few acquaintances, and hardly any friends ; and being 
accudomed to a very fmall fociety at Laufanne, he pre¬ 
ferred the retirement of the country to the bultle of 
that over-grown metropolis, where he found hardly any 

entertainment but in the theatres. 
Before he left Laufanne he had begun a work on the 

dudy of ancient literature, which was fuggeded by the 
delire of juitifying and praiiing the objedt of a favourite 

purfuit. “ In France (fays lie), to which my ideas 
were confined, the learning and language oi Greece and 
Rome were negle&ed by a philofophic age. The guar¬ 

dian of thofe ftudies, the Academy of Infcriptions, was 
degraded to the lowed rank among the three royal fo- 
cieties of Paris : The new appellation of Erudits was # See 
contemptuoufly applied to the fuccefforsof Lipfius and d flours 
Cafaubon ; and I was provoked to hear *, that the ex- Preliminatrt 

ercife of the memory, their foie merit, had been fuper-^^^' 

feded by the nobler faculties of the imagination and t 
judgment 4,. 
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Gibbon, judgment, J was ambitious of proving by my own ex- 

ample, as well as by my precepts, that all the faculties 
of the mind may be exercifed and difplayed by the ftu- 
dy of ancient literature.” This laudable ambition con¬ 

tinued ; and in his father’s houfe at Bcriton in Hamp- 
lhire he finiftied his EJfai fur V Etude de la Literature ; 
which, after being revifed by Mallet the poet and Dr 

Maty of the Britifh mufeum, was, in 1761, publifhed 
in a fmall nmo volume. 

The fubjefts of tafle, criticifm, and philofophy, which 
in this work came under our young author’s conftder- 

ation, could hardly promife much novelty of remark. 
Some former obfervations, however, he appears to have 
placed in a new and pleafing point of view ; advancing, 

moreover, fome ingenious conjeftures, and difplaying no 
inconliderable erudition. Yet, by bis own account, he 
was at this time almoft a ftranger to the writers of 
Oreece ; and when lie quotes them, it is probable that 
the quotations are given at fecond hand. To this ef- 
fay was prefixed a dedication to his father in the Eng- 
lifli language, which exhibits the author himfelf in a 
very amiable light ; but if his reputation had depended 
folely upon this youthful attempt, the name of Gibbon 

would have been loft in oblivion. Yet he feems, even 
in his riper years, to have been delighted with it him¬ 
felf, and to have confidered its merits as equal to thofe 
of his later produdtions ; but Milton, it is faid, prefer¬ 
red the Paradife Regained to the Paradifc Loft. 

Before the publication of this eflay, the author, at his 
own defire, had been appointed a captain in the South 

Hampfhire militia, in which he ferved upwards of two 
years. At firft, the company of ruftic and illiterate of¬ 
ficers, and the buftle of a military life, were extremely 

difagreeable to him, as they interrupted his ftudies ; but 
be admits, that his military fervices, his bloodlefs and 
i-nglorious campaigns, as he calls them, were, on the 
whole, beneficial, as they brought him acquainted with 
Englifh manners, EngKffi parties, and Englifh prin¬ 
ciples, to which his foreign education and referved tem¬ 
per had hitherto kept him an entire ftranger. In the 
camp and in quarters he had even found leifure, after 
the firft feven or eight months of his fervice, to read a 

great deal of Greek, and to plan different hiftorical 
works, to the compofition of which he feems to have 
thought that he was born with an innate propenftty. 
He always talks of himfelf as a philofopher ; but furely 

a more unpbilofophical perfuafion than this has feldom 
been admitted. 

At the end of the war he went again abroad, and 
reached Paris on the 28th of January 1763, only 36 
days after the difbandirig of the militia in which he had 
borne the commiffion of a captain. In that metropolis 
he ftaid not long. He vifited palaces, churches, gar¬ 
dens, and theatres, and was introduced to D’Alembert 
and Diderot, then confidered as at the head of French 

icience. From Paris he proceeded to Switzerland, and 
once more took up his refidence at his favourite Lau- 
fanpe. Voltaire’s impieties had forced him from *hat 
town to his own caftle at Ferney, where our author 
once vifited him, without (he fays) courting his more 
intimate acquaintance. 

The fociety in which Mr Gibbon moft delighted du¬ 
ring his fecond refidence at Laufanne was a very Angu¬ 

lar one. “ It confifted of fifteen or twenty unmarried 
ladies of genteel families ; the eldeft perhaps about 

Suppl. Vol. I. Part II. ^ 

twenty, all agreeable, feveral handfome, and two or 

three of exquifite beauty. At each other’s houfes 
they aflemblcd almoft every day, without the controul, 
or even the prefence of a mother or an aunt ; they were 

trufted to their own prudence, among a crowd of young 
men of every nation in Europe. They laughed, they 
fung, they danced, they played at cards, they afted co¬ 

medies ; but in the midft of this carelefs gaiety, they’¬ 
re fpefted themfelves, and were refpefted by the men"; 

the invilible line between liberty and licentioufnefs was 
never tranfgreffed by a gefture, a word, or a look, and 
their virgin chaftity was never fullied by the breath of 
fcandal or fufpicion.” 

, We readily agree with our author that this fingular 
inllitution was exprefTive of the innocent fimpjicity of 
8wifs manners ; and we only regret that he had not the 
fame refpeft for the ladies of his own country as for 
thofe frolic females of Switzerland. He would not, in 

that cafe, have ftained fome of his moft brilliant pages 
with obfeene ribaldry. 

We ftiall not follow him in his ramble through Italy, 
or repeat his remarks on the towns which he vifited. It 
is fufficient, in fuch a {ketch as this, to, inform our rea¬ 
ders, that it was at Rome on the 15th of Oftober 1764, 
as he fat mufing amidft the ruins of the Capitol, that 
the idea of his great work firft ftarted into his mind. 

Blit his original plan was circumfcribed to the decay of 
the city rather than of the empire. 

From carrying even this contrafted plan into execu¬ 
tion he was for fome years diverted. On the 25th of 

June 1765 he arrived from Italy at his father’s houfe in 
Hampfhire, and found that he had filial duties to per¬ 
form which interrupted his" ftudies and difturbed his 

quiet. His father had involved himfelf in difficulties 
from which he could be extricated only by felling or 
mortgaging part of his eftate ; and to fuch fale or 
mortgage our author cheerfully conlented. He regrets 
on this occafion that be had not “ embraced the lucra¬ 
tive purfuits of the law or of trade, the chances of civil 

office or India adventure, or even the fat flumbers of 
the church and it is to be hoped that, when he 
thought even ofJlumbering in the church, he had ftill 
fome faith in revealed religion. He wafted fome time 
in planning a hiftory of the revolutions of Switzerland, 
and even wrote part of it in the French language, which, 
by the advice of friends, he however fupprefi'ed. We 
next find him engaged with a friend in a Journal en¬ 
titled Memoires Literaires de la Grande Bretagne, of 
which two volumes for the years 1767 and 1768 were 
pubiiflied, and a third almoft completed, when his friend, 
a native of Switzerland, was engaged, through his in- 
tereft, as travelling governor to Sir Richard Woriley, 
arid the Journal was, of courfe, abandoned. He then 

entered the lifts with War burton ; whole interpretation 
of the iixth book of the iEneid he attacked with great 
petulance and with much fuccefs. The bifliop of Glo- 
cefter was by this time in a ftate of great mental decay, 
which was peculiarly unfortunate for our author ; for 

had his Lordftiip enjoyed his priitine vigour, he would 

probably have given Mr Gibbon fuch a chaftifemcnt as 
might have made him more inodeft afterwards when 
writing the hiftory of the Decline and Fall of the Ro¬ 
man Empire. 

To that great work lie now fat down ferioufty 4 and 
the hiftory which lie gives of his preparatory ftudies 

4 U fufficiently 
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Gibbon, fufficiently accounts for the inaccuracy of his quotations. 

Through the darknefs of the middle ages he explored 
his way in the annals and antiquities of Italy by the 
learned Muratori and other moderns ; and feems to ac¬ 

knowledge that, from the beginning to the end of his 
work, he frequently contented himfelf with authorities 

furnifhed at fecond hand. 
At hift, in 1776, the firft volume of his hiftory was 

publifhed by Cadell the bookfeller and Strahan the 

printer ; and the fuccefs of it far furpafted his expecta¬ 
tion. The encomiums lavifhed on it by Dr Robertfon 
and Mr Hume in letters to the author, and the fulfome 
compliments which thofe three eminent hiftorians paid 
to each other, are melancholy fpccimens of lettered little- 

nefs and vanity. The fecond and third volumes appear¬ 
ed in 1781 ; the fourth, fifth, and iixth in 1787 ; and 
Mr Gibbon’s fame was eltablifhed as a hiftorian. The 
work was admired both by natives and by foreigners, 

and tranflated into feveral of the languages of Europe. 
Dr Z immerman reprefents the author as excelling per¬ 
haps Hume and Robertfon, who were hiftorians of the 
firft rank. All the dignity (he adds), all the charms 
of hiftoric ftyle, are united iri Gibbon : his periods are 
melody itfelf, and all his thoughts have nerve and vi¬ 

gour.” This praife, however, mult not be admitted 
without exception. Few writers, indeed, were pofleffed 
of fuch popular talents as our hiftorian. The acutenefs 

of his penetration, and the fertility of his genius, have 
been feldom equalled, and fcarcely ever furpafted. He 

feizes, with fmgular felicity, on all the moft interefting 
fads and fituations ; and thefe he embellifhes with the 
utmofl luxuriance of fancy and elegance of ftyle. His 
periods are full and harmonious ; his language is al¬ 
ways well chofen, and is frequently diftinguifhed by a 
new and peculiarly happy adaptation. His epithets, 
too, are in general beautiful and happy ; but he is ra¬ 
ther too fond of them. The uniform ftatelinefs of his 
di&ion fometimes imparts to his narrative a degree of 
obfeuritv, unlefis he defeends to the miferable expedient 
of a note, to explain the minuter circumftances. His 
ftyle, on the whole, is much too artificial; and this gives 
a degree of monotony to his periods, which extends, we 
bad almoft faid, to the turn of his thoughts. 

A more ferious obje&ion is his attack upon Chrifti¬ 
anity ; the loofe and difrefpe&ful manner in which he 

mentions many points of morality regarded as important 
on the principles of natural religon ; and the indecent 
ailuftons and expreftions which too often occur in the 

work. 
An attack upon Chriftianity is not cenfurable merely 

as fuch •, it may proceed from the pureft and moft vir¬ 
tuous motives : but, in that cafe, the attack will never 
be carried on in an infidious manner, and with improper 
weapons, and Chriftianity itfelf, fo far from dreading, 
will invite every mode of fair and candid difeufiion. 

Our hiftorian, it muft bfc confefled, often makes, when 

1 

he cannot readily find, an opportunity to snfult the Gibbon, 
Chriftian religion. Such, indeed, is his eagernefs in 
the caufe, that he ftoops to the moft defpicable pun, or 
to the moft awkward perverfiod of language, for the 
pleafure of turning the feripture into ribaldry, or call¬ 

ing Jefus an impoftor. 
Yet of the Chriftian religion lias Mr Gibbon himfelf 

obferved, that it “ contains a pure, benevolent, and uni- 
verfal fyftem of ethics, adapted to every duty and every 
condition of life.” Such an acknowledgment, and from 
fuch a writer, too, ought to have due weight with a cer¬ 
tain clafs of readers, and of authors likewife, and lead 
them ferioufly to confider, how far it is confident with 
the character of good citizens, to endeavour, by fly in- 

finuations, oblique hints, indecent fneer, and profane ri¬ 
dicule, to weaken the influence of fo pure and benevolent 
a fyftem as that of Chriftianity, acknowledgd to be ad¬ 
mirably calculated for promoting the happinefs of indi¬ 

viduals, and the welfare of focitty. 
Mr Hayley, in his poetical Effay on Hiftory, after 

a fplendid panegyric on the arduous labours of his 
friend, laments the irreligious lpirit by which he was 

actuated. 

Think not my verfe means blindly to engage 
In rafti defence of thy profaner page i 
Though keen her fpirit, her attachment fond, 
Bafe fervice cannot fuit with Friendftiip’s bond j 
Too firm from Duty’s facred path to turn, 
She breathes an honeft figh of deep concern, 
And pities Genius, when his wild career 
Gives Faith a wround, or Innocence a tear. 

Humility herfelf divinely mild, 
Sublime religion’s meek and modeft child, 
Like the dumb foil of Crcefus, in the ftrife* 
Where force allail’d his father’s facred life, 

Breaks filence, and with.filial duty warm, 
Bids thee revere her parent’s hallowed form (b) ! 

The part of the hiftory which gave fuch offence to 

his own friend, as well as to the friends of the Chriftian 
religion in general, was the account which our hiftorian 
has given of the progrefs and eftablifhment of Chriftia¬ 
nity in the two laft chapters of his firft volume ; in which 
he endeavours to prove, that the wonderful triumph of 
that religion over all the eftablifhed religions of the 
earth, was not owing to any miraculous atteftations to 

its truth, but to five fecondary caufes which he enume¬ 

rates ; and that Chriftianity, of com fe, could not be of 
divine origin. Several anfwers appeared on this occa- 
fion, written, as we may naturally fuppofe, with diffe¬ 

rent degrees of temper and ability (c). 
One of them only, Mr Davis, who had undertaken 

to point out various inftances of* mifreprefentation, in¬ 

accuracy, and even plagiarifm in his account, did our 
hiftorian condefcend particularly to anfwer, and that in 

a tone of proud contempt and confident fuperiority. To 
this 

(b) Herodotus relates, that a Ferfian foldier, at the ftorming of Sardis, was preparing to kill Crcefus, whofe 
p£rfon he did not know, and who, giving lip all as loft, neglected to defend his own life. A fon of the unfortu¬ 
nate monarch, who had been dumb from his infancy, and who never fpoke afterward, found utterance in that- 

trying moment, and preferved his father by exclaiming, ‘ O kill hot Crcefus 1’ 
(c) Dr Chelfum, Dr Randolph, Dr Watfon (bifhop of LlarjdafF), Lord Hailes, Dr White, Mr Apthorpe*. 

Mr Davis, and Mr Taylor, j:he author of « The Letters of Ben MordecaiA 
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__ ^j113 Davb replied ; and it is but juilice to obferve, deareft Swifs friend, 
that his reply bears evident marks of learning, judgment, 
and ci itical acumen, and that he has convidted our au¬ 
thor of fometimes quoting inaccurately to ferve a pur- 
pofe. At Ins other anfwerers Mr Gibbon merely glan¬ 

ced, treating Ur Watfon, however, with particular re- 
fpedl ; but his pofthumous memoirs fhew how much he 
felt the attacks made on him by Lord Hailes, Dr 

White of Oxford, and Mr Taylor. To Dr Prieftley, 

who, in his Hi/lory of the Corruptions of Chriftianity, 
threw down his gauntlets at once to Biihop Hurd and 
the hfftorian of the Roman empire, and who prefented 
the latter with a copy of Ins book, declaring at the 
fame time, that he fent it not as a gift but as a chal¬ 

lenge ; he wrote in fucli terms as produced a corre- 

fjpondence, which certainly added not to the honour of 
the diffenting divine. 

At the. beginning of the memorable conteft between 
Great Britain and America, our author was returned, 
by the intereft of Mr Eliot (now Lord Eliot), for the 

borough of Lifkeard, and fupported, with many a fin- 
cere. and filent vote, the rights, though not, perhaps, 
the jittered, of the mother country. “ After a fleet- 

, *n£ ilhifive Jtope, prudence condemned me (fays he) to 
acquiefce in the humble flation of a mute." I was not 

armed by Nature and education with the intrepid ener¬ 
gy of mind and voice. 

T incen tern frepitus, et nafiwi rebus ctgendis. 

Timidity was fortified by pride ; and even the fuccefs 
of my pen difeouraged the trial of my voice.” 

That pen, however, was ufeful to the minidry whom 
he could not fupport by his eloquence in the houfe. 
At the requed of the Lord Chancellor and Vifcount 
Weymouth, then fecretary of date, he vindicated, in a 
very able manner, againd the French manifedo, the 
judice of the Britifh arms ; and his Memoire Juflificatif 
was delivered as a date paper to the courts of Europe. 
He was rewarded for this fervice with the place of one 
of the lords com million ers of trade and plantations; and 
kept it, till the board was abolished by Mr Burke’s re¬ 
form bill. For accepting this place he was feverely, 
but mod unjudjy, blamed by fome of the leaders of the 
oppofition, as if he had deferted a party in which he 

had never enlided, and to the principles of which he was 

rendered inimical both by family prepofleffion and by 
his own judgment. 1 

On the downfal of Lord North’s adminidration, Mr 
Gibbon was of courfe in the oppofition deprived of an 
office, without the falary of which he could not conve¬ 
niently fupport the expence of living in London. The 
coalition was indeed foon formed, and his friends were 
again in power ; but having nothing to give him imme¬ 
diately, they could not detain him in parliament or even 

m England. He was tired of the buttle of the metro¬ 
polis, and fighea once more for the retirement of Lau- 
fanne, at which he arrived before the overthrow of the 
coalition minidry, and where he lived happily till the 
lad years of his life. It W3S in this retreat that he 
wrote the fourth, fifth, and fixth volumes of his hidorv; 
and he left it only for a.year to fuperintend the publi¬ 
cation of tliefe volumes in London. This great work 

and fool! by ^of L o.M & 
4 U 2 cyclopedia. 
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Laufanne had now loft much of 
its attraction ; the French revolution had crowded it 

with unfortunate emigrants, who could not be cheerful 

themfelves or excite the cheerfulnefs of others ; and the 
demons of democracy had begun to poifon the minds 
of the fober citizens with principles which Mr Gibbon 

had always held in abhorrence. Speaking of thefe prin¬ 
ciples and their effedls in Switzerland, he adds, “ 1 beg 
leave to fubferibe my affent to Mr Burke’s creed on 
the revolution of France. I admire his eloquence, I’ 
approve his politics, I adore his chivalry, and I can al- 

moft excufe his reverence for church eftabliihments. 
While the ariftocracy of Berne protcas the happmefs, 
it is fuperfluous to inquire whether it be founded in the 
rights of men : the economy of the date is liberally fup. 
plied without the aid of taxes ; and the magiftrates mull 
reign with prudence and equity, fince they are unarmed 
in the midft of an armed nation.” 

It was againft the beneficent and mild government 
of Berne that the emiffaries of trance contrived to ex- 
cite the difeontents of the people, by inftilling into 
their fimple and untutored minds their own wild no¬ 
tions of liberty and equality. From the effedts of this 
Gallic frenzy, which began to be very vifible fo early 
as the beginning of the year 1792, Mr Gibbon refol- 
ved to take flicker in England, and to abandon, for 
home time at leaft, what he called his paradife at Lau- 

fanne. Difficulties intervened, and forced him to port- 
pone his journey from week to week, and from month 
to month ; but on receiving the accounts of Lady Shef- 

field’s death, he haftened to adminifter confolation to 
his friend, and arrived fafe in London in the beginning 
of June 1793. 0 

He continued in good health and fpirfts through the ’ 

whole of the fummer ; but his conftitution had fuffered 
much from repeated attacks of the gout, and from an 

incipient dropfy in his ancles. The fwdlfng of his.5 
ancles, however, fublided ; but it was only in confe- 
quence of the water flowing to another place : and be-*’ 

mg repeatedly tapped for a hydrocele, he at lafl funk un¬ 
der it, and died at lus lodgings in St James’s ftreetJ 
London, on the 16th of January 1794, 

To draw a charadter at once general and juft of this 

extraordinary man, would be difficult perhaps to one 
who had enjoyed the phalure of his acquaintance, and 
mnft be impoffible to thofe to whom his perfc.i was a 
ftrangcr. Of the extent of his erudition there can be 
but one opinion ; but various opinions may be lu 'd re- 
fpcaing the accuracy of his knowledge. Lord Shefln Id" 

who knew him well, and loved him much affurts us* 

that his converfation was flill more captivating than his 
writings.; but this could not refult from the brilliancy 
of his wit ; for of wit he declares himfclf that he had ' 

none. His memory was capacious and retentive, his ’ 
penetration uncommon, and his colloquial eloquence 

ready and elegant; fo that he could illuftrate almoft 
any topic of converfation from the copious (lores of his 

own mind. 1‘ rom his private correfpci-dcr.ee*, and a 
journal not written for the public eye, he appears to 
have been a dutiful fon, a loyal fubjea, and an affec 

tionate and iteady friend ; but it is difficult to reconcile 
with fo much moral and political worth his unfair and! 

Gibbon, 
Gibraltar. 
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raltar. c$clop#dia. Nothing, however, is in that article faid of 
•V"— the natural hiftory of the mountain on which the for- 

trefs is built, though, to men of fcience, that fubje6t 
mull be as interefting as a detail of lieges. 1. his defect 

we are enabled to fupply by means of Major Imrie’s 
lhmeralogical defcnption of Gibraltar, which is publifh- 
ed in the fourth volume of theTranfadtions of the Royal 
Society of Edinburgh ; and, we are perfuaded, the fol¬ 

lowing abftradt of that elegant memoir will afford ra¬ 

tional entertainment to many of our readers. 
«< The form of this mountain is oblong ; its fummit a 

/harp craggy ridge ; its direction is nearly from north 
to fouth ; and its greateft length, in that diredtion, falls 
very little fhort of three miles. Its breadth varies with 
the indentations of the (bore, but it nowhere exceeds 
thtct quarters of a mile. The line of its ridge is undu¬ 
lated, and the two extremes are form what higher than 

its centre. ^ 
“ The fummit of the Sugar I.oaf, which is the point 

of its rreateft elevation towards the fouth, is 14^9 feet; 
the Rock Mortar, which is the higlieft point to the 
worth,'is' 1350; and the Signal Houfe, which is nearly 
the central point between thefe two, is 1276 feet above 
the level of the fea. The wtfftrn fide of the mountain 
is & feries of rugged Hopes, interi'perfed with abrupt pre¬ 
cipices. Its northern extremity is perft&ly perpendi- 

cular, except towards the north-well, where what are 
called the Lines intervene, and a narrow paffage of flat 
gr6und that leads to the illhmus, and is entirely cover¬ 
ed with fortification. The eailern fide of the moun¬ 

tain moftly confifts of a range of precipices; but a bank 
of fand, riling from the Mediterranean in a rapid accli¬ 
vity, covers a third of its perpendicular height. Its 
fouthern extremity falls, in a rapid Hope from the fnrri- 

mit of the Sugar Loaf, into a rocky Hat of cOnfiderable 

extent, called Windmill Hill. 
44 The principal mafs of the mountain rock confifts 

of a grey, denfe (what is generally called primary) mar¬ 
ble ; the different beds of which are to be examined in 
a face of 1 3 50 feet of perpendicular height, which it 
prefents to Spain in a conical form. Thefe beds, or 
ftrata, are of various thickncfs, from 20 to upwards of 
40 feet, dipping in a dire&ion from eaft to weft, nearly 

at an angle of 3 $ degrees. In fome parts of the folid 
mafs of this rock are found teftaceous bodies entirely 
tranfmuted into the conftituent matter of the rock, and 

their interior hollows filled up with calcareous fpar ; but 
thefe do not occur often in its compofition, and its beds 

are not feparated by any intermediate ftrata. 
44 The caves of Gibraltar are many, and fome of them 

of great extent. That which moft deferves attention 

and examination is called St Michael’s Cave, which is 
fttuated upon the fouthern part of the mountain, almoft 
equally diftant from the Signal Tower and the Sugar 
Loaf. Its entrance is 1000 feet above the level of the 
fea : This entrance is formed by a rapid Hope of earth, 
which has fallen into it at various periods, and which 
leads to a fpacioiis hall, incrufted with fpar, and appa¬ 
rently fupported in the centre by a large mafly ftala&i- 
tical pillar. To this fucceeds a long feriefe of caves of 
difficult accefs. In thefe cavernous recedes, the forma¬ 

tion and procefs of ilalaftites is to be traced, from the 
fiimfy quilt-like cone, fufpended from the roof, to the 
robuft trunk of a pijlar, three feet in dimeter, which 

rifes from the floor, and feems intended by Nature to Gibraltar, 
fupport the roof from which it originated. 

44 The'only inhabitants of thefe caves are bats, fome 
of which are of a large iize. The foil, in general, upon 
the mountain of Gibraltar is but thinly fown ; and in 

many parts that thin covering has been waffied off by 
the heavy autumnal rains, which have left the fuperfi- 
cies of the rock, for a conliderable extent, bare and 

open to infpedtion. 4 In thofe filiations, an obferving 
eye may trace the effects of the How, but conftant, de- 
compofition of the rock, caufed by its expofure to the 
air, and the corrofion of fea*falts, which, in the heavy 
gales of eafterly winds, are depofited with the fpray on 
every part of the mountain. Thofe uncovered parts of 
the mountain rock alfo expofe to the eye a phenomenon 
worthy of fome attention, as it tends clearly to demon- 
ftrate, that, however high the furface of this rock may 
now be elevated above the level of the fea, it has once 

been the bed of agitated waters. This phenomenon is 
to be obferved in many parts of the rock, and is con- 
ftantly found in the beds of torrents. It confifts of pot¬ 
like holes, of various fizes, hollowed out of the folid 
rock, and formed apparently by the attrition of gravel 
or pebbles, fet in motion by the rapidity of rivers or 

currents in the fea. 
44 Upon the weft fide of the mountain, towards its 

bafe, fome ftrata occur, which are heterogenial to the 
mountain rock : the firft, or higheft, forms the fegment 

of a circle ; its convex fide is towards the mountain, 
and it Hopes alfo in that diredfion. This ftratum con- 
lifts of a number of thin beds ; the outward one, being 
the thinneft, is in a ftate of decompofition, and is moul¬ 
dering down into a blackifh brown or ferruginous co¬ 
loured earth. The beds, inferior to this, progreffively 

increafe in breadth to 17 inches, where the llratification 

refts upon a rock of an argillaceous nature. 
44 This laft bed, which is 17 inches thick, confifts of 

quartz of a blackifh blue colour, in the fepta or cracks 
of which are found fine quartz cryftals, colourlefs, and 
perfectly tranfparent. Thefe cryftals are compofed of 
18 planes, difpofed in hexangular columns, terminated 
at both extremities by hexangular pyramids. The lar- 
geft of thofe that Major Imrie faw did not exceed one- 
fourth of an inch in length : They, in general, adhere 
to the rock by the fides of the column, but are detach¬ 
ed without difficulty. Their great degree of tranfparen- 

cy has obtained them the name of Gibraltar diamonds” 
Much has been faid of the foffil bones found in the 

rock of Gibraltar ; and the general idea which exifts 
concerning them is, that they are found in a petrified 

ftate, and enclofed in the folid calcareous rockj but 
this, fays Major Imrie, is a miftake, which could, arife 
only from inaccurate obfervation and falle defeription. 

44 In the perpendicular fiffpres of the rock, and in 

fome of the caverns of the mountain (all of which afford 
evident proofs of their former communication with the 
furface), a calcareous concretion is found, of a reddifh 
brown ferruginous colour, with an earthy fra&ure, and 
conliderable induration, enclofing the bones of various 

animals, fome of which have the appearance .of .being 
human. Thefe bones are of various fizes, and lie in all 
dire&ions, intermixed with fhells of fnails, fragments of 

the calcareous rock, and particles of fpar ; all of which. 

Materials are {till to be feen in their natural uucombined 
totes, 
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GibrM'ar. ffates, partially fcattered over the furface of the moun 

^ tain. Thefe having been fwept, by heavy rains at dif¬ 

ferent periods, from the furface into the fitnations above 

defcribed, and having remained fora long feries of years 
in thofe places of red, expofed to the permeating a&ion 

of water, have become inveloped in, and cemented by, 
the calcareous matter which it depofits. 

“ The bones, in this compofition, have not the fmalleft 
appearance of being petrified ; and if they have under¬ 
gone any change, it is more like that of calcination than 
that of petrifaction, as the mod folid parts of them ge¬ 

nerally admit of being cut and fcraped down with the 
fame eafe as chalk, 

44 Bones combined in fuch concretions are not peculiar 
to Gibraltar: they are found in fuch large quantities 

in the country of Dalmatia, and upon its coads in the 
iflands of Cherfo and Ofero, that fome naturalids have 
been induced to go fo far as to aflert, that there has 
been a regular dratum of fuch matter in that country, 

and that its prefent broken and interrupted appearance 

has been caufed by earthquakes, or other convulfions, 
experienced in that part of the globe. But, of late 
years, a traveller (Abbe Alberto Fortis) has given a 

minute dcfcription of the concretion in which the bones 
are found in that country : And by his account it ap¬ 
pears, that with regard to fituation, compofition, and 
colour, it is perfe&ly fimilar to that found at Gibraltar. 
By his defcription, it alfo appears that the two moun- ( 
tain rocks or Gibraltar and Dalmatia confift of the fame 
fpecies of calcareous done ; from which it is to be pre¬ 
fumed, that the concretions in both have been formed 
in the fame manner and about the fame periods. 

“ Perhaps if the fiffuves and caves of the rock of Dal¬ 
matia were dill more minutely examined, their former 

communications with the furface might yet be traced, 
as in thofe defcnbed above ; and, in that cafe, there 
would be at lead a drong probability, that the materials 
of the concretions of that country have been brought 
together by the fame accidental caufe which has pro¬ 
bably collected thofe found in the caverns of Gibraltar. 
Major Imrie traced, in Gibraltar, this concretion, from 

the lowed part of a-deep perpendicular fiffure, up to 
the furface of the mountain. As it approached to the 
furface, the concretion became lefs firmly combined, 
and, when it had no covering of the calcareous rock, 
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fmall degree of adhefion only remained, which was evi¬ 

dently produced by the argillaceous earth, in its com¬ 
pofition, having been moidencd by rain arid baked by 
the fun. J 

“ The depth at which thefe materials had been pene¬ 
trated by that proportion of ftala&itical matter, capable 
of giving to the concretion its great eft adhefion and fo- 
Hdity, he found to vary according to its fituation, and 
to the quantity of matter to be combined. In fidiires, 

narrow and contracted, he found-the concretion polfef- 
fing a great degree of hardnefs at fix feet from the fur¬ 
face ; but in other fituatious more extended : and where 

a larger quantity of the materials had been accumula¬ 
ted, he found it had not gained its greated degree of 
adhefion at double that depth. In one of the caves, 

where the. mafs of concretion is of confiderable fize, he 
perceived it to be divided into different beds, each bed 
being covered with a cruft of the ftala&itical fpar, from 

one inch to an inch and a half in thicknefs; which feems 

indicate, that the materials have been carried in 

various periods, and that thofe periods have been very 
remote from each other. 

“ At. Rofia Bay, upon the weft fide of Gibraltar, this 
concretion is found in what has evidently been a cavern, 

originally formed by huge unfhapely ir.afles of the rock 
which have tumbled in together. " The fiffure, or ca¬ 
vern formed by the difruption and ftibfidence of thofe 
maffes, has been entirely filled up with the concretion, 
and. is now expofed to full view by the outward mafs 

having dropped down in confequence of the encroach¬ 
ments of the fea. It is to this fpot that ftrangers are 
generally led to. examine the phenomenon ; and the 
compofition, having here attained to its greateft degree 
of hardnefs and fohdity, the hafty obferver, feeing^he 

bones inclofed in what has fo little the appearance of 
having been a vacuity, examines no further, but imme¬ 
diately adopts the idea of their being incafed in the fo¬ 
lid rock. The communication from this former ehafm 

to the furface .from which it lias received the materials 
of the concretion, is ftili to be traced in the face of the 

rock, but its opening is at prefent covered by the bafe 
of the line wall of the garrifon. Here bones are found 

that are apparently human ; and thofe of them that ap¬ 
pear to be of the legs, arms, and vertebrae of the back, 

are fcattered among others of various kinds and fizes, 
even down to the fmalleft bones of fmall birds. Major 

Imrie.found here the complete jaw-bone of a fiieep ; it 
* contained its full complement of teeth, the enamel of 

which was perfect, and its whitenefs and luftre in no 
degree impaired. In the hollow parts of fome of the- 

large bones was contained a minute cryftaHization of 
pure and colourlefs calcareous fpar ; but, in moft, the 
interior part confided of a fparry cruft of a reddifh co¬ 
lour, fcarcely in any degree transparent. 

“At the northern extremity of the mountain, the con¬ 
cretion is generally found in perpendicular fiffures. The 
miners there, employed upon the fortifications in exca¬ 
vating one of thofe figures, found, at a great depth from 
the furface, two fkulls, which were fuppofed to be hu¬ 
man ; but, to the Major, one of them, if not both, ap¬ 

peared to be too fmall for the human fpecies. The bone 

fcf each was perfectly firm and folid ; from which it is 
to be prefumed, that they were in a ftate of maturity 
before they were inclofed in the concretion. Had thev 
appertained to very young children, perhaps the bone 

would have been more porous, and of a lefs firm tex¬ 
ture. The probability is,‘that they belonged,to a fpe¬ 
cies of monkey, which ftili continues-to inhabit, in con¬ 

fiderable numbers, thofe parts, of the rock which are to* 
us inaccefiible. 

“This concretion varies, in its compofition, according 
to the fituation in which it is found. A t the‘extremity 

of Princes Dines, high in the rock which looks towards* 
Spain, it is found to confift only, of a reddifh calcareous 

earth, and the bones of fmall birds cemented thereby. 
The rock around this fpot is.inhabited by a number of 

hawks, that, in the breeding fcafon, neftle here and rear 
their young; the bones in this concretion are probably 
the remains of the food of thofe birds. At the bafe of 

the rock, below King’s Lines, the concretion confifts of 
pebbles of the prevailing calcareous rock.. In this con¬ 

cretion, at a very confiderable depth under the furface,. 

was found the under parts of a glais bottle, uncom¬ 

monly fhaped, and of great thicknefs$ the colour of the 
glafs was of a dark green/9 

Ma i or.- 

Gibraltar*. 
y ..t 
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Gibraltar. Major Imrie makes an apology forgiving fo minute 
U~’~V w a defcription of thefe fofTil bones ; but, in our opinion, 

the public is indebted to him for bellowing fo much a£- 
. tention on a fubjedt which all mull admit to be curious, 

and which, from the ilrange inferences drawn from fimi- 
lar phenomena by modern philofophers, has become im¬ 

portant as well as curious. 
We cannot difmifs this article without noticing the 

fubterraneous galleries conllrudled in the rock not only 

for the protedlion of the men during a fiege, but alfo 
for placing cannon, to annoy the enemy, in fituations 
inaccdfible but by fuch means. The idea of forming 

thefe galleries was conceived by the late Lord Heath- 
field when governor, and by him, in fome meafure, car¬ 

ried into execution ; though the plan was not com¬ 

pleted till lately by General O’Hara. Of thefe gal¬ 
leries we have in the Monthly Magazine for April 1798 
an animated account, which we lhall infert in the wri¬ 

ter’s own words. 
« The fubterraneous galleries are very extenfive, 

pierce the rock in feveral places and in various direc¬ 
tions, and at various degrees of elevation ; all of them 
have a communication with each other, either by flights 

of Heps cut in the rock, or by wooden Hairs where the 
paffages are required to be very perpendicular. 

“ The centinels may now be relieved during a fiege 

from one poll to another in perfedl fafety ; whereas, pre- 
vioully to the conRrn&ing of thefe galleries, a vaft num¬ 
ber of men were killed by the Spaniards while march¬ 

ing to their feveral Rations. The width of thefe gal¬ 
leries is about twelve feet, their height about fourteen. 
The rock is broken through in various places, both for 
the purpofe of giving light and for placing the guns to 

bear on the enemy. In different parts there are fpaci- 
ous receffes, capable of accommodating a confiderable 
number of men. To thefe receffes they give names, 

fuch as St Patrick’s Chamber, St George’s Hall, &c. 
The whole of thefe lingular ftrudlures have been form¬ 
ed out of the folid rock by blafling with gunpowder. 
Through the politenefs of an officer on duty, a place 
called Smart’s Refervoir was opened for our infpe&ion, 

which is a great curiofity, and not generally permitted 
to be fhewn. It is a fpring at a confiderable depth in 
the body of the rock, and is above 700 feet above the 
level of the fea ; we defeended into the cavern that con¬ 
tains it by a rope ladder, and with the aid of lighted 
candles proceeded through a narrow paffage over cryRal- 
lized protuberances of the rock till we came to a hollow, 
which appears to have been opened by fome convullion 
of Nature. Here, from a bed of gems, arifes the fiilu- 
tary fount, clear as the brilliant of the eafl, and cold as 
the icicle. We hailed the nymph of the grot, and, pro- 
ffrating ourfelves, quaffed liygean nedlar from her fparry 

urn. When reftored to the light of day, we obtained, 
through the medium of the fame gentleman, the key of 
St George’s Hall, at which we arrived by a very intri¬ 
cate and gloomy path to the fpacious excavation, which 
is upwards of an hundred feet in length, its height near¬ 
ly the fame. It is formed in a fetnicircular part of 
the rock; fpacious apertures are broken through, where 
cannons of a very large calibre command the ifthmus, 
the Spanifh lines, and a great part of the bay. The 
top of the rock is pierced through, fo as to introduce 
fufficient light to enable you to view every part of it. 
It appears almoft incrediblev that fo large an excavation 

could be formed by gunpowder, without blowing up 
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the whole of that part of the rock, and Rill more fo, Gimhob 

that they fhould be able to diredl the operations of fuch „,H 
an inftrument, fo as to render it fubfervient to the pur- . Giaf8, 
pofe of elegance. We found in the hall a table, pla¬ 

ced, I fuppofe, for the conveniency of thofe who are 
travelling the rock. The cloth was fpread, the wine 

went round, and we made the vaulted roof refound with 
the accents of mirth and the fongs of conviviality.” 

Thefe excavations are indeed very extraordinary 
works ; but as the whole rock abounds with caverns, 
we wifh that our author had inquired more particularly 

than he feems to have done, whether St George’s Hall 
be wholly the work of art. From one of the paffages * 
which we have extracted from Major Imrie’s memoir, 
we are led to think that it is not, or at leaR, that the 
concretion removed had not acquired the confidence of 
the more folid parts of the rock. If this was the cafe, 
much of the^wonder will vaniRi, fince the pick-axe and 

chifel were probably employed to give elegance to the 
vault, and even, in fome degree, to dire£l the operation 
of the gunpowder. 

GIMBOLS, are the brafs rings by which a fea- 
compafs is fufpended in its box that ufually Rands in 
the binacle. 

GIRT, in timber-meafuring, is the circumference of 
9 tree, though fome ufe this word for the quarter or 

4th part of the circumference only, on account of the 
great ufe that is made of it ; for the fquare of this 4th 
part is eReemed and ufed as equal to the area of the 
fedlion of the tree ; which fquare therefore multiplied 

by the length of the tree, is accounted the folid con¬ 
tent. This content, however, is always about one- 
fourth part lefs than the true quantity ; being nearly 
equal to what this will be after the tree is hewed 
fquare in the ufual way : fo that it feems intended to 
make an allowance for the fquaring of the tree. 

Girt Liney is a line on the common or carpenter’s 
Aiding rule, employed in cafting up the contents of 
trees by means of their girt. 

GLASS Etching, or Engraving upon, is in the ar¬ 
ticle Chemistry (.Encycl.) faid to be a new art ; and 
as that acid which diffolves filiceous earth, and alfo 
glafs, was firR difeovered in the year 1771 by Scheele, 
one might naturally imagine that the art of etching 

with it upon glafs could not be older. By many o- 
thers, as well as by 11s, it lias indeed been noticed as a 
new invention ; yet Profeffor Beckmann, whole labo¬ 

rious refearehes have brought many things to light, 
has proved, that fo early as the year 1670 the art of 
etching upon glafs was difeovered by Henry Schwan- 
hard, fon of .George Scbwanhard, who was a cele¬ 
brated glafs-cutter, patronized by the Emperor Ferdi¬ 

nand III. about the middle of the lall century. At 
the time of-his death, 1-667, father practifed his art 
at Prague and Ratilbon. Whether the fon followed 
the fame bufinefs at the fame towns, or removed to 
Nuremberg, is not very evident from the profeffor’s 

liiRory ; but in the year above-mentioned, fome aqua 
regia (nitro muriatic, acid) having accidentally fallen 
on his fpe&acles, he was furprifed to find the glafs 
corroded by it, and become quite foft. He thus found 
himfelf in poffefiion of a liquid by which he could etch 
writing and figures upon plates of glafs. 

Such is our information ; but if it be admitted (and 
it would difplay unreafonable fcepticifm to queRion it), 

Schwanhard nauft either have improved the nitro-muriatic 
acid 
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daft, acid by fome means or other unknown to us, or have 

Gl( ilbconv confined his etchings to fome particular kinds of glafs ; 

; for the fluoric is the only acid, with which we are ac¬ 

quainted, that corrodes all glafs. (See Chemistry- 
Itidex in this Supplement). M. Beckmann indeed feems 
to think that he had difcovered the fluoric acid itfelf; 
for in the year 1725 there appeared in a periodical 
work the following receipt for making a powerful acid, 

by which figures of every kind can be etched upon glafs. 

“ When the jpiritus nttri per diflillal'tonem has paf- 
fed into the recipient, ply it with a ftrong fire, and 
when well dephlegmated, pour it, as it corrodes ordi¬ 
nary glafs, into a Weldenburg flafk. Then throw in¬ 

to it a pulverifed green Bohemian emerald, otherwife 
called hefphorus (which, when reduced to powder, and 
heated, emits in the dark a green light), and place it in 

warm fand for 24 hours. Take a piece of glafs well 
cleaned, and freed from all greafe by means of a ley; 
put a border of wax round it, about an inch in height, 

and cover it all over with the above acid. The longer 
you let it (land fo much the better ; and at the end of 
fome time the glafs wilt be corroded, and the figures 
which have been traced out with fulphur and varnifh 
will appear as if raifed above the pane of glafs.” 

*1 hat the Bohemian emerald or hefphorus mention- 
ed in this receipt is green fparry fluor, cannot, fays the 
profefTor, be doubted ; and he feems to have as little 
doubt of the receipt itfelf having paffed from Schwan- 
hard and his fcholars to the periodical work of 1725, 
from which it has been lately inferted in the (Ekono- 

mifehe Encyclopedie of Krunitz. This fuppolition 
certainly acquires a confiderable degree of probability 
from the fimilarity of Schwanhard’s method of etching 
to that which is here recommended, and which is fo 
different from what is now followed. At prefent, the 
glafs is covered with a varnifh either of ifinglafs dif- 
folved in water, or of turpentine oil mixed with a little 
white lead, through which the figures to be etched are 
traced as on copper ; but Schwanliard, when he had 
drawn his figures, covered them with varnifh, and then 

by his liquid corroded the glafs around them. His fi¬ 
gures, therefore, when the varnifh was removed, re¬ 
mained fmooth and clear, appearing raifed from a dim or 
dark ground ; and M. Beckmann, who perfuaded fome 
ingenious artifts to make trial of this antient method 
of etching, declares, that fuch figures have a much bet¬ 
ter effect than thofe which are cut into the glafs; 

Before concluding this article, it may be worth while 
juft to mention a prppofal which has been lately made 
to. employ glafs inftead of copper for throwing off 
prints in the rolling prefs. That it is poffible to ufe 

glafs plates of great thicknefs for this purpofe, it would 
be raffi to deny ; but the fuperiority of fuch plates to 
thofe of copper we cannot conceive. If not broken 

in pieces in the rolling prefs, they would doubtlefs laft 
longer ; but the expence of them at firft would pro¬ 
bably be greater, and the engraving on them could not 
be fo fine. 

GLOSSOCOMMON, in mechanics, is a name gi¬ 
ven by Heron to a machine compofed of divers dented 
wheels with pinions, ferving to raife huge weights. 
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GLUCINA (a), a peculiar earth difcovered by 

Vauquelin in the beryl and the emerald. Its general 
properties are as follows : 1. It is white ; 2. Infipid ; 
3. Insoluble in water; 4. Adhefive to the tongue ; 5! 

Infufible ;.6. Soluble in the fixed alkalis; 7. Infoluble 

in ammoniac ; 8. Soluble in the carbonat of ammo¬ 
niac ; 9. Soluble in almoft every one of the acids (ex¬ 

cept the carbonic and phofphoric acids), and forming 
falts of a faccharine tafte ; 10. Fufible with borax into 

a tranfparent glafs; n. Abforba one fourth of its 
weight of carbonic acid; 12. Decompofes the alumi¬ 
nous falts; 13. Is not precipitable by well faturated 
hydro-fulphurets. 

The fpecific chara&ers of glucina, which are united 
in none of the other known earths, are : 1. Its falts are 
faccharine, and fhghtly aftrmgent ; 2. It is very fo- 
luble in the fulphuric acid by excefs ; 3. It decompofes 
the aluminous falts ; 4. It is foluble in the carbonat 

oi ammoniac ; 5. Is completely precipitated from its 
folutions by ammoniac ; 6. Its affinity for the acids is 
intermediate between magneiia and alumine. 

One hundred parts of beryl contain 16 of p-liicina 5 
but for the beft method of analyzing the beryl) and of 
com fe obtaining the earth, we mult refer, our readers 
to the article Mineralogy in this Supplement ,* and 
ffiall conclude this fhort article with a valuable and ju¬ 
dicious remark of Vauquelin’s. 

“ It almoft always happens (fays this able chemift), 
in the fciences of obfervation, and even in the fpecu- 
lative fciences, tlia.t a body, a principle, or a property, 
formerly unknown, though it may often have been 
11 fed, or even- held in the hands, and referred to other 

fimple fptcies, may, when once difcovered, be after¬ 
wards found in a great variety of fituations, and be ap¬ 
plied to many ufeful purpofes. Chemiftry affords ma¬ 
ny recent examples of this truth. Klaproth had no 
fooner difcovered the. different fubftances with which, 
he has enriched the fcience, but they were found in va¬ 
rious other bodies ; and if I may refer to my own pro- 

ceffes, it will be feen, that after I had determined the 
characters of chrome, firft found in the native red lead, 
I eafily recognized it in the emerald and the ruby! 

The fame has happened with regard to the earth of 
the beryl. I have likewife detected it in the emerald ; 

in which, neverthelefs, it was overlooked both by Kla¬ 
proth and myfelf in our firft analyfis : fo difficult it is 
to be aware of the prefence of a new fubftance, parti¬ 
cularly when .it poffeffes fome properties refembling 
thofe already known !.” 6 

GOLD, the moil perfed of all the metals. See 
Chemistry-Index in this Supplement. 

. It has been a very common opinion among metallur- " 
gifts, that tin has the property of deftroying the du&i- 
lity of gold, on being melted with it even in very fmall 
quantities ; and Dr Lewis adds, that even the vapours 
which arife from tin in the fire, make gold fo brittle, 
that ft flies in pieces under the hammer. This opi¬ 
nion was controverted by Stanefby Alchorne, Efq; of 

his. Majefty s mint, who made a fet of experiments, 
which, in his opinion, authorife a very different conclu! 

fion, viz. that though tin, like other inferior metals, 

___will 

Glucina, 
Gold. 

(a) This name was given to the earth of beryl by the ed.tors of the Annales de Chimk. Its moft charade 
nftic property being that it forms falts of a faccharine tafte, they gave it a name derived from “ / T* 
Mel. According to this etymology, Ihould not the name be Gljcina ?. ta rmde* 



<G r*V1. 

* Memoirs 

of the Aca¬ 

demy of Sci¬ 

ences at Pa¬ 

ris for the 

yearl 79O. 

G O L [ 7l 
will roiltarn'Insite gold in proportion to the quantity 
mixed with it, yet there docs not appear in tin any 

thing fpecifically inimical to that precious metal 
As we have elfevvhere (fee Chemistry, nJ 1091, &c. 

FncycL) enumerated thefe experiments, and admitted 

the conclnfion drawn from them, it becomes our duty, 

in this place, to date what has been urged againil that 

couclufion. 
M. Tillet, being in his own mind perfuaded that tin 

renders gold fo brittle that it cannot be reduced to thin 

leaves, and far lefs be made to pafs through the wire- 
plate but by virtue of repeated annealing, and peculiar 

treatment, which gold of the ufual ductility does not 

require, determined, from refpe£l to M. Alchorne, to 

repent his experiments. 
His hr ft experiment* confided in mixing 24 grains 

of line gold with one of tin which contained no arfe- 
nic. He wrapped the grain of tin in the 24 grains of 
gold reduced to a very thin leaf, and placed the whole 
upon a piece of charcoal, fo hollowed out as to fupport 
the mixed metal during fufion. He even fprinkled a 

fmall quantity of calcined borax upon the metal, in or¬ 
der that the fufton might be more fudden, that the 
metal might flow together, and the tin unite with the 
gold, without allowing time for it to become calcined. 

This alloy was fpeedilv fufed by the enameller’s lamp, 
and reduced into a fmall button without any lofs of 
weight. It was then flattened carefully beneath the 
hammer; but, notwithstanding his ctmoft precaution in 

this refped, it cracked, and at laft broke into three 
pieces, its thicknefs then being a quarter of a line or 
thereabouts. He repeated this experiment with a 
double quantity as well of pure gold as of tin, and the 

vefult was the fame. 
He next alloyed 4 ounces of gold, of the finenefs of 

22 carats, with 1 gros 24 grains of tin deprived of ar- 
fenic, or, in other words, with 4 pennyweights of tin ; 
and thefe two metals being reduced into fmall pieces, 
were mixed together, put into a crucible, and urged 
bv the ftrong heat of a forge with two pair of bellows. 
When their fufion appeared to be complete, he poured 

the metal into a fmall ingot mould proportioned to the 

quantity. 
The ingot thus obtained had loft fcarcely any thing 

of the weight of the two metals that compofed it; 
which was a proof that the tin had united and incor¬ 

porated with the four ounces of gold. But on attempt- 

ing to bend the ingot, which was about fix inches 
long, and not more than two or three lines thick, lie 
remarked, contrary to the nature of gold of 2 2 carats, 

that it was rigid, arid would have required a confider- 
ablc effort to give it any degree of curvature, or bring 

it to the flexibility it would have pofTeffed if no tin had 
entered into its compofition. Not fatisfied, however, 

with the inference naturally flowing from this circum- 
ilance, he proceeded to the proper teft by hammering, 
particularly with the edge of the hammer, in order 
that the bar might be lengthened, and by that means 
fubmitted to the mod decifive proof. He did not ob- 
ferve, during the continuation of this procefs, till the 
bar was reduced to about two-thirds of its firfl thick¬ 
nefs, that its edges were cracked, or exhibited much 
of the appearance of brittlenefs ; but as he was appre- 
henfive that this accident might happen by too long 

hammering, he divided the bar by cutting off the part 
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which had been hammered out. This part was place3 0<»M. 
in the midft of lighted charcoal, in order that, by a v^“ 

moderate annealing, it might recover the ftate of mal¬ 
leability it pofTeffed before it was hammered. But when 
he Vent to take it out of the fire, where it had under¬ 
gone no greater heat than a cherry-red, he found it di¬ 

vided into two parts. After having fuffered thefe to 
cool, he forged them again. They were extended with 
confiderable cafe, though with fome cracks at the edges; 

but they did not yet fatisfy the whole of his enquiries. 
He therefore annealed one of the two lail mentioned 
pieces a fecond time, and referved the other in its hard- 
hammered ftate to be palled between the laminating 
rollers. The annealed part, which might have the 

thicknefs of about a (hilling, broke in the lire, though 
the heat was very gentle, into four or five portions. 
The longefl of thefe portions, which bed redded tlie 
action of the dre, bent and twided itfelf, and (hewed, 
by this date of llrong contra&ion in different directions, 
that it had tended to break and become divided into 

fmall portions, dmilar to thofe which had already fepa* 

rated from it. 
Satisded by this experiment that the piece of the 

mixed ingot which he had kept in its hammer-harden¬ 

ed (late would not bear annealing, he determined to 
extend it dill more between the rollers, fetting them 
up very gradually, in order that the fradlure, if it fhould 

take place, might be principally owing to the brittle- 
nefs of the material, and not to the force of compref- 
don to which it was fubje&ed. By this management 
he fucceeded in extending the metal to double its 
length notwithllanding its hardnefs, and rendering it as 

thin as drong paper ; though the edges were cracked 
through their whole length like the teeth of a faw. 
But this accident is not at all furprifing, when it is 

confidered that gold, though alloyed Imply with cop¬ 
per, whatever may be the caufe, does not poffefs its 
ufual dudlility,particularly when it is laminated very thin, 
without repeated annealing as the metal becomes hard. 

Aware that the fracture of the pieces of gold might 
be attributed to an incomplete fufion, or unequal mix¬ 
ture of the turn metals, he melted the whole ingot over 
again with the utmod precaution ; but in vain. The 
metal was as brittle as formerly, and would not bear 

annealing. 
He next fufed fix ounces of pure gold of 24 carats 

with 2 gros, or 6 penny-weights of tin, taking every 
poffible precaution to have the metals completely mix¬ 
ed. When the whole was in perfect fufion, he poured 

the mixture into an ingot mould, and obtained an in¬ 
got rather longer and cleaner than the two former. 
As foon as it was cold he forged one of its extremities 
with the edge of the hammer. It was lengthened 

without any perceptible craek ; and when it was re¬ 
duced to the thicknefs of one line, or thereabouts, he 

cut it off for feparate treatment. By moderate anneal¬ 
ing it maintained its integrity ; and, with the excep¬ 
tion of a few cracks, it paffed the laminating rollers 
without breaking. As he was fearful, neverthelels, 

that it might break in fome part if he continued to la¬ 
minate it, he gave it a flight annealing. It had fcarce¬ 
ly acquired a cherry-rednefs between the charcoal, be¬ 

fore it broke into live or fix parts, fome of which were 
Amply bended or twifted, and others flat as they quit¬ 
ted the. rollers. Among the annealed pieces of this 

extremity 
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extremity of the Ingot, there was one fufficlently long,' 
though a little curled, which he laminated a fecond 
time, with the determination of rendering It very thin 

wn iout the lead annealing. It acquired at leaft double 
the length it had at firft without breaking; and, if we 

e*ceIVhe tW° .fideS. of this Plate which were cracked, 
the body, or mam piece, was entire. It was fpongy, 
and might be conl.dered as if formed out of an ingot 
of common gold containing no tin, but not poffdling 
the whole of its natural ductility. 

., II u110 uS’ l<aySr M' Ti!lct> from thefe experiments,' 
that gold, whether fine or alloyed, when perfectly fufed 

with a fmall portion of the fined tin, acquires rigidity 
and hardnefs by the mixture ; that it lofes fomewhat of 
its d.ftmguiflung colour ; and that it may, indeed, by 
careful management, be extended to a certain degree 
by the hammer, or Hill better bv the rollers ; but that 
as it cannot be annealed without danger of breaking, it 
is by this defeft deprived of the effential advantage of 
recovering its original foftnefs after it has been ftrong- 
ly hammer-hardened. It is not hut by careful manage, 

ment in the ufe of the hammer, and by frequent an. 
n eating, that artifts employed on works of gold and fil- 
ver lucceed in obtaining them without cracks, and 
bringing them to a ftate of perfeftion, without being 

obliged to have recourfe to folder to repair the defefts 
which exceffive hardnefs under the hammer would oc- 

calion. How much, therefore, ought gold-workers, 
who continually have this metal in their hands, to be 
attentive to prevent the introduftion of tin in their 
workfhops, and never to employ fuch compounds of 
gold as are fubjeft to break, or even to warp, while 

annealing? The expence of refining, which they would 
pay for depurating fuch compounds, would be of lefs 
confequei.ee to them than the lofs of time requiivd for 

the careful management of fuch gold contaminated by 
tin, even if they did fucceed in uling it, and were not 

often to abandon, after much labour, a work 
nearly nmfhed. 

“ If it be allowable (continues our author) to form 
conjectures on the caufe of the frafture of plates of gold 
containing tin, when fubjefted to the annealing heat, it 
may be prefumed, fince tin very fpeedily melts, while 
gold requires a ftrong heat for its fufion, that the parts 
of the tin intermixed in a fort of proportional equality 
with thofe of the gold, tend to feparate by a fpeedy fu- 
fion and at a very gentle degree of heat ; that they re- 
niain without confidence between the parts of the <rold, 
while the latter preferve the whole of their folidity, and 
do not lofe it even by the annealing heat : whence it 
eems, that the parts of the precious metal, when io-ni- 

ted among the coals, having no longer the folid c°on- 
nedbon formed by the tin, but, on the contrary, having 
an infinite number of fmall cavities occupied by partri 
cles of that metal m fufion, mud tend to difunion : 

whereas the fame accident does not take place in the 
pieces which have redded the annealing, and have been 
laminated after cooling, becaufe the particles of tin 
have become folid by cooling, and have recovered their 
original ftate ot union with the gold. 

/‘This frafture of the compound does not take place 
with an alloy of gold and copper, for an oppofite rea- 
on to that which has here been explained; namely, 

becaufe thefe two metals require nearly the fame heat 
or heir fufion. The effect of annealing being there- 
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fore equal upon both, the metals, notwithdanding this 
treatment, preferve their natural confidence, even tho’ 
the heat be carried near the point of fufion ” 

Go,.D.Leaf. See Go/<1-Lf.jf (Encycl.), where a full 
account ,s given from Dr Lewis of the procefs of .old- 

beating. In that article we have faid that gold-leaf 
ought to be prepared from the fined gold ; but Mr Ni- 
cholfon whom all probability knows much more of the 
matter than the author from whom our account was co¬ 
pied, affures us that this is a midake, and that pure gold 

. • °° d^,'aiIe *° be workF<i between the gold-beater’s 
tkin. The newed Ikins will work the fined gold, and 

make the thinned leaf, becaufe they are the fmoothed. 
Old flans, being rough or foul, require coarfer gold. 

he finer Me gold, the more duftile; infonmeh that 
pure gold, when driven out by the hammer, is too foft 
to force itfelf over the irregularities, but would pafs 

round them, and by that means become divided mto 
na.row flips The fine ft gold for this purpofe has three 
graiiis of alloy in the ounce, and the coarfed twelve 
grams. In general, the alloy is fix grains, or one- 

eightieth part. That which is called pale-gold con. 
tains three pennyweights of filver in the ounce. The 
alloy of leaf-gcld is lilver, or copper, or both, and the 
colour 13 produced of various tints accordingly. Two 

ounces and two pennyweights of gold is delivered by 
the mader to the workman, who, if extraordinary ftil- 
ful, returns two thotifand leaves, or eighty books of 
gold, together with one ounce and fix pennyweights of 
wade cuttings. Hence one book weighs 4.8 grains • 
and as the leaves meafure 3.3 inches in the fide, "he 
thteknefs of the leaf is one two hundred and eighty.two 
thoufandth part of an inch. ° ^ 

The yellow metal called Dutch gold is fine brafs. It 

d 1° ^ fr°m coPPerPlates» by cementation 
with calamine, without fubfequent fufion. Its thick 
nefs compared with that of leaf gold, proved as 19 tj 
4, and under equal furfaces it is confiderably more than 
tu ice as heavy as the gold. Nicbolfon’s Journal, vol. 

GOLDONI (Charles), was born at Venice in the 
year 1707^ He gave early indications of his humour¬ 
ous cha,-after, as well as his invincible propenfity to 
thofe dud.es which have rendered his name immortal. 
His father, perceiving that the darling amufement of 

is ion was dramatic performances, had a fmall theatre 
eretted in his own houfc, in which Goldoni, while yet 
an infant, amufeci hiinfelf with three or four of his com- 
pan ions, by afting comedies. Before he was fent to 

lchool his genius prompted him to become an author. 
In the reventh and eighth years of his age, ere he had 
fcarcely learned to read correctly, all his time was de- 
voted to the perufing comic writers, among whom was 

Cicogmni, a Horer.tine, little known in the dramatic 
commonwealth. After having well dudied thefe, he 
ventured to fketch out the plan of a comedy, which 

needed more than one eve-witnefs of the greated pro¬ 
bity to verify its being the produftion of a child. 

. ’having finiflied his grammatical dudies at Ve 
nice, and his rhetorical dudies at the Jefuit’s college in 
Perugia, he was fent to a boarding-fehool at Rimini 
.0 ftudy rl.Nor.ph, The h„P„,| "ow 

ever fuperfeded with him the dudy of Aridotle’s 
works, fo much in vogue tn thofe times. He frequent¬ 

ed the theatres with uncommon curiofity; and palling 

+ ^ gradually 

GoM, 
Goldoni. 
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gradually from the pit to the ftage, entered into a fa¬ 
miliar acquaintance with the actors. When the lea- 
fon of comic performances was over, and the adtors 
were to remove to Chiozza, young Goldoni made his 
efcape in their company. This was the firft fault he 
committed, which, according to his own confeffion, 

drew a great many others after it. His father had in¬ 
tended him to be a phyficiari, like himfelf: the young 
man, however, was wholly averfe to the ftudy. He 
propofed afterwards to make him an advocate, and fent 
him to be a pradlitiorer in Modena. An horrid cere¬ 
mony of ecclefiailical jurifdi&ion, at which he was pre- 
fent, infpired him with a melancholy turn, and he de¬ 

termined to become a capuchin. 
His father, perceiving the whimfical, inconftant hu¬ 

mour of his fon, feigned to fecond this propofal, and 
promifed to go and prefent him to the guardian of 

the capuchins in Venice, in the hope that, after kune 
Hay in that extenfive and merry city, his melancholy 
fit would ceafe. The fcheme fucceeded ; for the young 

man, indulging in all the fafhionable diffipation of the 
place, was cured of his foolifh refolution. It was how- 
ever neceflary for him to be fettled in fome employ¬ 
ment ; and he was prevailed upon by his mother, after 
the death of his father, to exercife the profeffion of a 
lawyer in Venice. By a fudden reverfe of fortune he 
was compelled to quit at once both the bar and Ve¬ 
nice. He then went to Milan, where he was employ¬ 
ed by the refident of Venice in the capacity of fecre- 
ta*y ; where becoming acquainted with the manager of 
the theatre, he wrote a farce, entitled II Gondoliere Ve- 

neziano, the Venetian Gondolier ; which was the firft 
comic production of his that was performed and print¬ 
ed. Some time after, Goldoni broke with the Vene¬ 

tian refident, and removed to Verona. 
There was in this place, at that time, the company 

of comedians of the theatre of St Samuel of Venice, 
and among them the famous aCtor Cofall, an old ac¬ 
quaintance of Goldoni, who introduced him to the ma¬ 
nager. He began therefore to work for the theatre, 
and became infenfibly united to the company, for which 
he coinpofed feveral pieces. Having removed along 
with them to Genoa, he was for the firft time feized 
with an ardent paftion for a lady, who foon afterwards 
became his wife. He returned with the company to 
Venice, where he difplayed, for the firft time, the 
powers of his genius, and executed his plan of reform¬ 
ing the Italian ftage. He wrote the Momolo, Courti- 

fan, the Squanderer, and other pieces, which obtained 

univerfal admiration. 
Feeling a ftrong inclination to refute fome* time in 

Tufcany, he repaired to Florence and Pifa, where he 

wrote ’The Footman of Two Majlers, and 'The Son of 

Harlequin lojl and found again. He returned to Ve¬ 
nice, and let about executing more and more his fa¬ 
vourite fcheme of reform. He was now attached to 
the theatre of St Angelo, and employed himfelf in 
writing both for the company and for his own pur- 
pofes. The conftant toils he underwent in thefe en¬ 
gagements impaired his health. He wrote, in the 
courfe of twelve months, fixteen new comedies, be- 
fides forty-two pieces for the theatre ; among thefe 
many are confidered as the beft of his productions. 
The firft edition of his works was publifhed in 1753, 

in 10 vols. 8vo* As he wrote afterwards a great num- 
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her of new pieces for the theatre of St Luca, a fepa* GnWnrrf* 
rate edition of thefe was publifhed, under the title of-* “ 
The New Comic Theatre : among thefe was the Te-> 

rence, called by the author his favourite, and judged to 
be the mafter-piece of his works. He made another 
journey to Parma, on the invitation of Duke Philip, 
and from thence lie palled to Rome. He had com- 
pofed 59 other pieces fo late as the year 1761, five of 
which were defigned for the particular ufe of Marque 
Albergati Capacelli, and consequently adapted to the 
theatre of a private company. Here ends the literary 

life of Goldoni in Italy. 
Through the channel of the French Ambaffador in 

Venice, he had received a letter from Mr Zeuuzzi, the 
firft aCtor in the Italian theatre at Paris, containing a- 
propofal for an engagement of two years in that city. 
He accordingly repaired to Paris, where he found a 
feleCt and numerous company of excellent performers 
in the Italian theatre. They were, however, charge¬ 
able with the fame faults which he harl corrected in 
Italy ; and the French fupported, and even applauded 
in the Italians, what they would have reprobated on 
their own ftage. Goldoni wifhed to extend even to 
that country his plan of reformation, without confider- 
ing the extreme difficulty of the undertaking. Scurri¬ 
lities and jefts, which are ever accompanied by aCtions, 
geftures, and motions, are the fame in all countries, and 
ahnoft perfectly underftood even in a foreign tongue : 
while the beauties of fentiment and dialogue, and o- 
ther things which lead to the underftanding of charac¬ 
ters and intrigues, require a familiar acquaintance with 

the tongue of the writer. 
The firft attempt of Goldoni towards his wifhed-for 

reform, was the piece called The Father for Love ; and 
its bad fuccefs was a fuffieient warning to him to defift 
from his undertaking. He continued, during the re¬ 
mainder of his engagement, to produce pieces agree¬ 
able to the general tafte, and publilhed twenty-four co¬ 
medies ; among which The Love of Zelinda and Lindor 

is reputed the beft. 
The term-of two years being expired, « Goldoni was 

preparing to return to Italy, when a lady, reader to 
the dauphinefs, mother to the late king, introduced 
him at court, in the capacity of Italian mafter to the 
princefles, aunts to the king* He did not live in the 
court, but reforted there at each fummons, in a poft- 
chaife fent to him for the purpofe. Thefe journeys 
were the caufe of a diforder in the eyes, which afflicted 
him the reft of his life ; for being accuftomed to read 

while in the chaife, he loft his fight 011 a fudden, and 
in fpite of the moft potent remedies, he could never af¬ 
terwards recover it entirely. For about fix months 
lodgings were provided him in the chateau of Verfailles* 
The death, however, of the dauphin, changed the face 
of affairs. Goldoni loft his lodgings, and only, at the 
end of three years, received a bounty of 100 louis in a 
gold box, and the grant of a penfion of four thoufand 

livres a-year. This fettlement would not have been 
fuffieient for him, if he had not gained, by other means, 
farther fums. He wrote now and then comedies for 
the theatres of Italy and Portugal ; and, during thefe 
occupations, was defirous to fhew to the French that 
he merited a high rank among their dramatic writers* 
For this purpofe, he negleCted nothing which could be 
of ufe to render himfelf mafter of the French language. 

He 

t 
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GoWflni, lie liesrd, (poke, and converted fo much fa it, that, in 

62d year, he ventured to write a comedy in French, 
and to have it reprcfented in the court theatre, on the 
occafion of the marriage of the king. 

This piece was the Bourru Bhnfaifant ; and it met 
with fo great fuccefs, that the author received a boun¬ 
ty of 150 lom's from the king, another gratification 
from the performers, and confiderable fums from the 

bookfdlers who published it. He publiffied, foon after, 
another comedy in French, called L'Avare Fajiueux. 
After the death of Louis XV. Goldoni was appointed 
Italian teacher to the Princefs Clotiide, the prefent 
princefs of Piedmont ; and after her marriage he at¬ 
tended the late uufortunate Princefs Elizabeth in the 
fame capacity. 

The approach of old age obliged him to quit Ver- 
failles, antd to live in Paris, the air of which, lefs fharp, 

was better adapted to his eonflitution. The lafl work 
of Guluoni was The Volponi, written after his retire- 
merit from court; from which time he bade a lading a- 
dieu to writing. Unfortunately for him, he lived to fee 
Ins penfions cut off at the revolution, like others, and 
he fpent his lafl days in poverty and diitrefs. He died 
in 1792, at a criils when, according to the exprcffion 
of a deputy in the Convention, the French nation was 
ready to repay him every debt of gratitude. 

Goldoni is on a par with the greated comic poets of 
modern times, with regard to dramatic talents, and is 
thought fuperior to them all with regard to the ferti¬ 
lity of his genius. His works were printed at Leg¬ 
horn in 1788—9!, in 31 vols. 8vo. He has been ge¬ 
nerally called the Moiiere of Italy ; and Voltaire, in 
one of his letters to Marquis Aibergati, ffyles him The 
Painter of Nature. Goldoni is one of thofe authors 
whole writings will be relifhed in the mod remote 
countries, and by the lateft posterity. 

GOOD-HOPE, or Cape of Good Hope, \yas ta¬ 
ken by the Britifh on 17th Augud 1796 with very little 
difficulty. At this we need not be much furprifed, if 
to the difeontent which mud have prevailed among the 
planters arid towntinen with the new order of things, 
be added the manners of the people. M. Vaillant, 
who was at the Cape during the lad war, when the 
garrifon expeded to be every day attacked by a Bri- 
tiih fquadron, and when the people were not abfolute- 
ly difguded with their own government, repreferits 
them, however, as rendered fo completely frivolous by 
imitating the manners of their French allies, that, 
though the place was drongly fortified, it could hardly 
be expeded to hold out long againd a vigorous and 
well conduded fiege. 

“ The females of the Cape (fays he), when I faw 
them for the firll time, had really excited my aftonifli- 
ment by their drefs and their elegance ; but I admired 
in them, above all, that modedy and referve peculiar to 
the Dutch manners, which nothing as yet had cor¬ 
rupted. 

“ In the courfe of fix months, a great change had ta¬ 
ken place. It was no longer the French modes that 

they copied; it was a caricature of the French. Plumes, 
feathers, ribbons, and tawdry ornaments heaped toge¬ 
ther, without tade, on every head, gave to the prettied 
figures a grotefque air, which often provoked a fmile 

they appeared. This mania had extended to 
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the neighbouring plantations, where the women could Good Hep* 
fcarcely be known. A mode of drefs entirely new'-»-- 

was everywhere introduced ; but fo fantaftical, that it 
would have been difficult to determine from what eouu. 
try it hid been imported.” 

At that time a trench and a Swifs regiment were in 
the garrifon ; and though the town was occupied only 

witu warlike preparations, and though an attack from 
the Britifh. fleet was every moment expeded, the 

trench officers bad already'- introduced a tade for plea- 
lure. Employed in the morning at their exercife, the 
trench foldiers in the evening aded plays. A part of 

the barracks was transformed into a theatre; and as 
women capable of performing female charaders could 
not be found in the town, they affigned thefe parts to 

iome of their comrades, whofe youth, delicate features, 
and frefhnefs of complexion, feemed bed calculated to 
favour the deception. Thefe heroines, of a new kind, 

heightened the curiofity of the fpedators, and render¬ 
ed the entertainment dill more lively and intereding. 

To add to the general pleafure, ladies of the fird 
rank coufidered it as incumbent on them to lend to the 
military adors and adrefles, their laces, jewels, rich 
drelles, and mod valuable ornaments. But fame of 

them had caufe to repent of their condefcenfion ; for 
it happened more than once that the Countefs of Al- 

maviva having left in pledge at the futtling-houfe her 
borrowed decorations, the owner, to recover them, was 
obliged to difeharge not only the bill due Tor brandy 
and tobacco, but all the other debts of the heroine. 

During the intoxication and giddinefs occa/ioiied by 
thefe amuiements, Love alfo did not fail to ad his 
part; and certain little intrigues were, from time to 
time, brought to light, which gave employment to the 

tongue of icaudal, and introduced unhappinefs into fa¬ 
milies. Hymen, it is true, amidd thefe adventures, 
fo me times intervened to repair the follies of his bro¬ 
ther ; and many marriages, which redored every thing 
to order, were the refult of his negotiations ; but the 
complaints,_ though ilifled, did not left exid. The 
watchfuhiefs of the mother was alert. The hufband, 
by fo much the more fecretly irritated as he faw him- 

felf obliged to conceal his jealoufy, curfed in his heart 
both adors and theatre ; while the matronly part of 
the community, lets on the referve, declaimed with bit- 
ternefs againd the licentioufnefs that prevailed, which 
they wholly imputed to this mode of theatrical enter¬ 
tainment. At lad, to the great mortification of the 
young, hut to the high fatisfadion of the old women 
and hufbands, the theatre was on a fudden tout up. 
The caufe that affeded this was altogether foreign to 
the complaints that were made, and of a nature that it 
was impoffible to forefee. Two of the French adors, 
who, it mud be remembered, were officers in the army, 
thought proper to imitate the paper money of the 
company, and to put their forged notes in circulation 
The forgery was deteded, and traced to its authors ; 
the two theatrical heroes were baniflied from the Cape- 

and the company, alhamed of the adventure, dared nei¬ 
ther feek others to fuppiy the vacant places, nor re¬ 
lume their dage entertainments. 

Intoxicating as were thefe pleafures, government 
meanwhne had not been inattentive to the danger 
which threatened the colony. As they daily expected 

4X2 ' 
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Good Hope to be attacked by the Britilh fleet, they had increafed 
1---the rrteans .of defence, and ordered different works and 

new fortifications to be conflrudted. 
At fir ft, the bufinefs was carried on with activity 

and ardour ; becaufe the inhabitants, inftigated by their 
private intereft, which was then confidered as involved 
with that of the public, had voluntarily offered their 
fervices, and mingled with the workmen. Young and 
old, foldiers and magiftrates, failors and planters, all 
folicited the honour of co-operating for the general 
good and common fafety. To behold this heteroge¬ 
neous multitude—fome loaded with pick-axes, and fome 
with fpades, or other fimilar implements—marching 
out in the morning from the town, and proceeding in 

high fpirits to the new fortifications, was a fight truly 

admirable. 
But this patriotic fervour was of no long conti¬ 

nuance. Under pretence of fparing their ftrength, and 
that they might not weary themfelves to no purpofe, 
they foon caufed their flaves to follow them with the 
tools and inftruments. In a little time they contented 
themfelves with fending their flaves only ; and at laft 
thefe fubftitutes themfelves, in imitation of their maf- 
ters, or' perhaps by their fecret orders, gave over going 
alfo. Their enthufiafm, in fhort, from the firft mo¬ 
ment of its breaking out till the period when it was 
thus entirely cooled, had been the affair of fomething 
lefs than a fortnight. 

This tafte for frivolity which, almofl twenty years 
ago, was introduced among the Dutch in Cape-town 
by their good friends the French, fpread rapidly thro* 
the planters, who are thus deferibed by M. Vaillant, 
who certainly had the bell opportunities of knowing 

them. 
The planters of the Cape may be divided into three 

daffies ; thofe who refide in the vicinity of the Cape, 
within a diftance of five or fix leagues; thofe who live 
farther off in the interior parts of the colony ; and 
laftly, thofe who, more diflant ftill, are found at the 

extremity of the frontiers among the Hottentots. 
The firft, who are opulent proprietors, and have 

liandfome country houfes, may be likened to what was 
formerly called in France petits Jeigneurs terriers, and 
differ extremely from the other planters in eafe and 
luxury, and particularly in their manners, w'wch are 
haughty and difdainful. Such is the refult of wealth. 
The fecond, Ample, kind, hofpitable, are cultivators, 
who live upon the fruits of their labour. Here we have 
an example of the good effedls of mediocrity. The 
laft, poor enough, yet too indolent to derive fubfiftence 
from the foil, have no other refource than the produce 
of fome cattle, which they feed as they can. Like 
the Beduin Arabs, they think much of the trouble of 
driving them from canton to canton, and from one 
pafturage to another. This wandering life prevents 
them from building any fettled habitations. When 
their flocks oblige them to fojourn for a while in the 
fame place, they conftrudl, in hafte, a rude kind of 
hut, which they cover with matts, after the manner of 
the Hottentots, whofe cuftoms they have adopted, and 
from whom they in no refpefi differ, but in their com¬ 
plexion and features. And here the evil is, that there 
is no precife fituation in focial life to which thefe mi- 
ferable beings belong. 

Thefe fluggifh tribes are held in horror by their in- 
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dultrious neighbours, who dread their approach, and Hope 
remove as far from them as they can ; becaufe, having L’ v J 

no property of their own, they fteal without fcruple 
that of others, and, when in want of pafturage for their 
cattle, conduct them fecrctly to the firft cultivated 
piece of ground that comes in their way. They flat¬ 
ter themfelves they (hall not be difeovered, and they 
remain till every thing is devoured. If dete&ed in 
their thefts, fquabbles and contentions enfue, and af¬ 
terwards a iuit at law, in which recourfe is had to the 
magiftrate, and which commonly terminates in making 
three men enemies, the robber, the perfori robbed, and 
the judge. 

Nothing can be fo mean and cringing as the condudh 
of the firli defeription of planters, when they have any 
thing to tranfafi with the principal officers of the com¬ 
pany, who may have fome influence over their lot; and 
nothing fo abfurdly vain and fo fuperlatively infolent 
as their behaviour to perfons from whom they have no¬ 
thing to hope and nothing to fear. Proud of their 
wealth, fpoiled by refiding near a town, from whence 
they have imbibed only a luxury that has corrupted, 
and vices that have degraded them, it is particularly to¬ 

wards ftrangers that they exercife tlicir furly and piti¬ 
ful arrogance. Though neighbours to the planters 
who inhabit the interior of the country, you mult not 
fuppofe they regard them as brethren ; on the contrary, 
in the true fpirit of contempt, they have given them 
the name of Rauw-boer, a word anfwering to the low- 
eft defeription of clown. Accordingly, when thefe 
honeft cultivators come to the town upon any kind of 
bufinefs, they never flop by the w^ay at the houfes of 
the'gentry of whom we are fpeaking ; they knowr too 
well the infulting manner in which they would be re¬ 

ceived. One might fuppofe them to be two inimical 
nations always at war, and of whom fome individuals 

only met at diftant intervals, upon bufinefs that related 
to their mutual interefts. 

What is the more difgufting in the infolence of thefe 
Africans is, that the majority of them are defeended 
from that corrupt race of men, taken from prifons and 
hofpitals, whom the Dutch company, defirous of form¬ 
ing a fettlement at the Cape, fent thither to begin, at 
their rifle and pearl, the population of the country.. 

This fhameful emigration, of which the period is not 
fo remote but that many circumftances of it are re¬ 
membered, ought to render particularly modeft thofe 
who are in the moft diftant manner related to it. On 
the contrary, it is this very idea that moft contributes 
to their arrogance ; as if they flattered themfelves that, 
under the guife of fupercilious manners, they could 
hide the abjectnefs of their origin. If a ftranger ar¬ 
rives at the Cape with the defign of remaining and 
fettling there, they conceive him to be driven from his 
country by the fame wretched circumftances wffiich 
formerly banifhed their fathers, and they treat him 
with the moft fovereign contempt. 

This melancholy failing is the more to be lamented 
as the contagion lias fpread through almoft every refi- 
dence about the Cape, which is in reality a very charm¬ 
ing canton. Embellifhed by cultivation, by its nume¬ 
rous vineyards and pleafant country houfes, it every¬ 
where exhibits fo varied and delicious a profpefi, that, 

were it occupied by other inhabitants, it would excite 

no fenfations but thofe of pleafure. 

♦ 
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Good Hope As we advance into the country* the planters are a 

^ fort of farmers ; and conditute, by their manners, cuf- 
toms, and occupations, a clafs by themfelves, perfectly 
diftindl from what we have been defcribing. Situated 
farther from the Cape, and, of confequenee, not ha. 
ving the fame opportunities for difpoling of their com 
modifies, they are lefs rich than the hrft.- We fee a 
mong them none of tliofe agreeable country houfes 
which, placed at different didances from the town, em 
bellifh the country as we pafs, and afford Inch charm 
ing profpedts. Their habitation, which is about the 
iize ot a large coach-houfe, is covered with thatch, and 

divided into three rooms by means of two partitions, 
which reach only to a certain height. The middle a- 

partment, in which is the entrance to the houfe, ferves 
at once both as a parlour and eating-room. It is there 
that the family refide during the day, and that they 
receive their tea and other vifitors. Of the two other 
rooms, one forms a chamber for the male children, and 
the other for the females, with the father and mother. 
At the back of the middle apartment is a farther room 
ferving for a kitchen. The reft of the building con- 
hits of barns and ftables. 

Such is the diftribution which is generally followed 
in the interior plantations of the colonyj but nearer to 
the frontiers, where there does not prevail the fame 
eafe of circumftances, the habitations are much Itfs 
commodious. They are merely a barn, confuting of a 
fingle room, without any divifion, in which the whole 
family live together, without feparating either day or 

night. They fleep upon fheep fkins, which ferve 
them alfo for covering. 

The drefs of thefe planters is fimple and ruftic. That 
of the men confibs of a check fhirt, a waidcoat with 
beeves, a large pair of trowfers, and a hat half unloop- 
ed. The women have a petticoat, a jacket fitted to 
their fhape, and a little round bonnet of mufiin, Un- 
lefs upon extraordinary occafions, neither fex wear 
dockings. During,a part of the year, the women e- 
ven walk with their feet quite naked. The occupa¬ 
tions of the men require that theirs fhould have fome 
covering; and this covering they make from a piece of 
the hide of an ox, applied and fhaped to the foot foon 
after the animal is killed, and while the hide is yet 
frefh. Thefe fandals are the only article of their drefs 
which they make themfelves ; the reff is the bulinefs of 
the women, who cut out and prepare their whole ward¬ 
robe. Though the equipment we have mentioned con- 
ditute the every-day drefs of the planter, he has, how¬ 
ever, a coat of handfome blue cloth, which he wears 
upon days of gala and ceremony. He has then alfo 
dockings and flioes, and is dreffed exa&ly like an Eu¬ 
ropean. But this finery never makes its appearance 
but when he goes to the Cape ; and then, indeed, is 
not put on till he arrives at the entrance of the town. 

It is commonly in thefe journeys that they purchafe 
fuch things as they may want to refit their wardrobe. 
There is, at the Cape, as well as in Paris and London, 
a fpecies of old-clothes-men, who deal in commodities 
of this fort; and who, from their enormous profits, and 
the extortion they pra&ife, they have obtained the 
name of Capfe Smoufe, or Cape Jews. Thefe traffick¬ 
ers contrive at all times to fell their goods at a dear 
rate ; but they vary their price in proportion as their 

dock is great or (mail; of courfe they bear no fixed 

price ; and the planter who comes from the defert, andGoodHope 
who can underitand but liule of this fluctuation, is fure ^ 
to be duped. 

On the other hand, the regular fhopkeeper, who 
knows the probity of thefe farmers, and how punctual 

they are in the payment of their debts, exerts every ef¬ 
fort to prevail on them to open an account with him. 
He tempts them by the pretended cheap price and ex¬ 
cellent quality of his duffs, and offers to remit the pay¬ 
ment till their next journey in the following year. It 
is feldom that thefe people, fimple and unexperienced 
as they are, perceive the craft that is prefentedto them 
under this guile of kindnefs and civility. If they dif¬ 

fer themfelves to be prevailed upon, they are (hackled 
for life. Upon tlitir return, there are new purchafes 
to be made upon the fame conditions ; and thus, year 
after year, always in debt, always buying without 
prompt payment, they become the prey of an extor¬ 
tioner, who raifes to himfelf a fortune out of their 
weaknefs. 

It is true, thefe buyers, after being thus duped at 
the Cape, commonly return home only to make dupes 
of others.^ The cunning that has been employed to 
deceive them, they employ in their turn to tempt the 
Hottentots who are in their fervice. The remnants of 
duff, or the frippery garments which they bring back, 

are fold to thele unfortunate fervants with fo great a 
profit, that commonly the wages of a year are inade¬ 
quate to the payment ; and they find themfelves, like 
their maders, in debt for the year that is to come. In 

the end, therefore, it is the poor Hottentot that pays 
for the extortion at the Cape. 

Culloni has rendered the planters infenfible to the 
want of fruit and pulfe, though the foil is admirably 
adapted to the cultivation of both. The facility with 
which they rear their cattle makes up for this priva¬ 
tion, as their docks afford them plenty of provifion. 
The chief food is mutton ; and their tables are loaded 
with fuch profubon as to difgud one at the fight. 

hrom this mode of living, cattle are in the colonies, 
as in other places, not only a uftful objeft, but an ar¬ 

ticle of the firft neceflity. The planter undertakes 
himfelf the care of watching over his flocks. Every- 
evening, when they return from the held, he hands at 
his door, with a dick in his hand, and counts them over 
one by one, in order to be fure that none of them are 
miffing. 

People who have no other employment than a little 
agriculture, and the fuperintendance of a flock, mud 
have long intervals of idlenefs. It is thus with the 
planters, particularly thofe who live in the interior parts 
of the country, and who being unable, on account of 
their didance from the Cape, to difpofe of their corn, 
never raife more than is fufficient for their own con- 
fumption. From the profound ina&ion in which they 
live, one would fuppofe their fupreme felicity to confift 
in doing nothing. They fometimes, however, vibt 

each other; and upon thefe occafions the day is fpent 
in fmoking, and drinking tea, and in telling, or liden- 
ing to tales of romance, that are equal neither in merit 
nor morality to the dory of Blue-beard. 

As every man always carries with him, wherever he 
goes, both a pipe, and a tobacco-pouch made of the 
(kin of the fea-calf, he is fure in thefe vilits to have one 

fource of amufement. When any one of the company 

is 
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iGood'Hnj-e {s dtfirous of lighting his pipe, lie takes out his pouch, 

and, having filled, paffes it to the reft. I his is a civi¬ 
lity that is never omitted. However numerous may 

'be the party, every body imokes : the confequence of 
which is a cloud, that, rifing at firft to the upper part 
of the room, increafes, by degrees, till it tills the whole 

houfe, and becomes at lail fo thick that it is impoftible 

for the fmokers to fee one another. 
When a flranger travelling through the country is 

received by the matter of a houfe, he inftantly becomes 
a member of the family. Accullomed to a domeftic 
life, the planters delight in the ties of affinity, and con- 
fider in the light of a relative every perfon whom they 
love. Upon'entering a houfe, the form of lalutation is, 

to drake hands firft with the matter, and then with eve- 
ry male perfon in the company arrived at years of ma¬ 
turity. If there happens to be any one whom we do 
not like, the hand is refilled to him ; and tin’s refufal, of 
fo common a teftimony of friendfhip, is looked upon as 

a formal declaration that the vifitor confiders him as 
his enemy. It is not the fame with the females in the 
company. They are all embraced one after another ; 

and to make an exception would be a ligual affront. 

Old or young, all mutt be kitted. It is a benefice with 

the duties attached to it. 
At whatever time of the day you enter the houfe of 

a planter, you are fure to find the kettle and tea-things 
upon the table. This practice is univerfal. The inha¬ 
bitants never drink pure water. If a ftranger prefents 
himfelf, it is tea they otter him for refrefhment. This is 
their common liquor in the interval of meals, and in one 
feafon of the year, when it often happens that they have 
neither beer nor wine* is their only beverage. 

If a Ilranger arrives at dinner-time before the cloth is 
taken away, he {hakes hands, embraces, and immediately 

feats himfelf at the table. If he wifhes to pafs the 
night, he flays without ceremony, fmokes, drinks tea, 
a Iks the news, gives them all he knows in his turn ; 
and the next day, the kitting and {baking hands being 
repeated, be goes on his way, to perform elfewhere the 
fame ceremony. To offer money on thefe occafions 

would be regarded as an infult. 
Thefe particulars of a people, whofe condition it is 

to be hoped that the generofity of the Britifh charac¬ 
ter, and the mildnefs of the Britifh government, will 
gradually meliorate, cannot but be acceptable to many 

of our readers. We {hall, therefore, make no apology 

for the length of this article. 
GOMASHTEH, in the language of Bengal, one 

cent. 
GONIOMETRY, a method of meafuring angles, 

fo called by M. de Lagny, who gave Rveral papers on 
this method in the Memoirs of the Royal Acad, anno 

3724, 172^5 1729. M. de Lagny’s method of gonio- 
inetry confifts in meafuring the angles with a pair of 
eompaffes, and that without any fcale whatever, except 
an undivided femicircle. Thus, having any angle drawn 
upon paper to be meafured, produce one of the fides 
of the angle backwards behind the angular point; then 
with a pair of fine eompaffes deferibe a pretty large 
femicircle from the angular point as a centre, cutting 
the fides of the propofed angle, which will intercept a 
part of the femicircle. Take then this intercepted part 
very exadtly between the points of the eompaffes, and 

turn them fucceflively over upon the arc of the femi- 

.1799. 
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circle, to find how often it is contained in it, after which 
there is commonly fome remainder : then take this re¬ 
mainder in the eompaffes, and, in like manner, find how 
often it is contained in the latt of the integral parts of 
the firft arc, with again fome remainder : find, in like 
manner, how often this latt remainder is contained in 

the former; and fo on continually, till the remainder 
become too fmall to be taken and applied as a meafure. 
By this means he obtains a feries of quotients, or frac¬ 
tional parts, one of another, which being properly redu¬ 
ced into one fraction, give the ratio of the fir It arc to 
the femicircle, or of the propofed angle to two right an¬ 
gles, or 180 degrees, and confequently that angle itfelf 
in degrees and minutes. 

We have given this account of goniometry from Dr 
Hutton, anil frankly acknowledge that we had never 
thought of it till we perufed his excellent Dictionary of 
Mathematics and Philofopby. To have omitted the 
method when pointed out to us would have been wrong ; 
though we mittake much if mathematicians in general 
will not look upon it as a method of very little value. 

GOTHIC Architecture. See Gothic Architec¬ 

ture in this Suppl. and Roof, EncycL 
GOUVERNANTE, the Spanifh name of a plant 

which the Indian^ of California ufe in decoction as a 
fudorific drink for the cure of the venerial difeafe. It 
is thus deferibed in the third volume (Englifh tranfia- 
tion) of Peroufe’s Voyage round the World. 

Calyx quadrified, egg-ttiaped, of the fame fize with 
the corolla ; placed beneath the fruit, deciduous. Co¬ 
rolla polypetalous; petals four, fmall, entire, egg-fha- 
ped, fixed upon the receptacle. Stamina, eight, fixed 
to the receptacle, of the fame length ns the corolla : 
threads channelled, concave 011 the one fide, and con¬ 
vex on the other; wings veiled, antherae fimple. Pittil, 
germ oblong, covered, with five angles, and five cells 
feeds oblong ; pericarpium covered with fine hairs. 

This plant is a fhrub of middle fize ; the branches 
are angular and knotty, and covered with an adhefive 
varnifh ; the lateral branches are alternate, and placed 
very near to each other: the leaves are fmall, petiola- 
ted, bilobed, oppofite, fmootli on the upper fide, the 
under fide indittin&ly veined ; the bloffoms are axillary, 
fometimes terminating, pedunculated, folitary, but fome- 

times in pairs. 
From this defeription, the gouvernante appears to 

be a new fpecies of daphne. 
GRAVIMETER, the name given by citizen Guy¬ 

ton (Morveau) to an inflrument of glafs, conftru6ted 
in all refpeetts on the principle of Nicholfon’s Hydro¬ 
meter, deferibed in the article Hydrostatics, n° 18. 
EncycL It is therefore needlefs to give a defeription 
of this inftruuient here ; as every artift in glafs, who has 
feen NicholfoiPs hydrometer, or iinderflands our de- 
feription of it, may conflru& the gravimeter of Mor¬ 
veau ; and every man who has made himfelf matter of 
our article Specific Gravity, may apply the gravimeter 
to every purpofe to which it is applicable. It may juft 
be proper to obferve, that Morveau, having at firft load¬ 

ed the fmall fcale or baton G (Plate 240, fig..*9. En¬ 
cycL ) with a bulb of glafs containing a fufficient quan¬ 
tity of mercury, found it expedient afterwards to fub- 
ftitute in the place of this bulb a fmall mafs of folid 
glafs, brought to the proper form and weight by grind¬ 
ing. For a minute accouht of this instrument,., if any 

of 
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of our readers can be fuppofed to require a minute ac- 

~ count of it, we mult refer to the third number of Ni- 
cholfon’s journal of Philofophy, Chemijlry, and the Arts. 

GREEN, though one of the feven original or prif- 
matic colours, is among dyers a compound of blue and 
yellow. Of the European methods of dyeing green, 
and of the principles on which thefe methods are 
founded, a fuffieient account will be found in the En¬ 
cyclopedia., under t lie articles Co lour-Making and Dye¬ 
ing, and, in this Supplement, under Animal and Vegetable 
Substances ; but it may be worth while, in this place, 
to infert the method pra&ifed at Aflracan, in giving to 
cotton yarn that beautiful green colour for which the 
oriental cotton is fo juftlv admired. 

The principal dye is the blue, which is employed 
both for cotton and filk. To prepare it, the indigo 
or blue dye-fluff is finely pounded, and diffolved in wa¬ 
ter by a gentle heat in large earthen jars, feven of 

which Hand in brick-work over the fire-place, at the 
diflance of about an ell and a half from each other. 
About two pounds are put into each veffel. Five 
pounds of foda finely pounded, together with two 
pounds of pure lime and one pound of clarified honey, 
are added to each ; when thefe ingredients have been 
well mixed, the fire is ffrengthened ; and when the 
whole begins to boil, the dye is flirred carefully round 
in all the veffels, that every thing may be completely 
diffolved and mixed. After the firfl boiling the fire 
is flackened, and the dye is fuffered to Hand over a 
gentle heat, while it is continually ftirred round : this 
is continued even after the furnace is cooled, till a 
thick fcum arifes in the neck of each jar, and foon af¬ 
ter difappears. The dye is then allowed to iland two 
days, until the whole is incorporated, and the dye 
thickens. 

The dyers affert, that with this dye they can pro¬ 
duce three fhades of blue, and that, as the dyeing par¬ 
ticles gradually diminiff, they can dye alfo a green co¬ 
lour by the addition of yellow. 

When a manufa&urer gives cotton yarn to a blue 
dyer, he firfl boils it at home in a ley of foda (kala- 
kar)i then dries it, wafhes it, and dries it again. The 

blue dyer lays this yarn to deep in pure water, preffes 
out the fuperfluous water with the hands, and then im¬ 
mediately begins to dip it in the blue jar, often wring¬ 
ing it till it is completely penetrated by the dye. This 
hr ft tint is generally given to yarn in fuch jars as have 
had their colouring matter partly exhaufted. It is then 
dried, rinfed, and again dried; after which, it is put in¬ 
to the frefh blue dye, properly faturated; and, after the 
colour has been fufficiently heightened, it is dried for the 
laft time. 

For a yellow dye, the dyers, of Aflracan employ 
partly faw-wort, brought from Ruflia, and partlv the 
leaves of the kiflar beige or fumach- The procefs is as 
follows : The yarn is firfl boiled for an hour in a ftrong 
lCy of foda y it is then dried, afterwards rinfed and laid 
wet to fteep for twelve hours in a folution of alum 
with warm water. When it has been dried in the air, 
it is laid to foak feveral times in troughs with the dye 
which has been boiled thick in kettles from the above- 
mentioned plants, till it has acquired the wifhed-for co¬ 
lour, care being taken to dry it each time it is foaked. 

It is then rinfed in running water, and dried for the 
laft time. 

On this yellow colour a green is often dyed. After 
the yarn has been dyed yellow, it is given out to the 
blue dyer, who immediately dips it in the blue jars, the 
dye of which has been already partly exhaufted ; and 
if the green colour is not then fufficirntly high, the o- 

peratiou is repeated, the yarn being dried each time. 
See Neue Nordifche Beytrage, by Pioreffor Pallas ; or 
Philofophical Magazine, rr 2. 

GREGORY (David), was a fon or the Rev. John 
Gregory, minifter of Drumoak, in the county of Aber¬ 
deen, and elder brother to Mr James Gregory, the in¬ 
ventor of the moft common refkting telefcope. He 
was born about the year 1627 or 1628 ; and though 
he poffeffed all the genius of the other branches of his 
family, he was educated by his father for trade, and 

ferved an apprenticeftiip to a mercantile houfe in Hol¬ 
land. Having a flronger paffion, however, for know¬ 
ledge than for money, he abandoned trade in 16^5 ; 
and returning to his own country, he fucteeded, upon 

the death of an elder brother, to the eftate of Kinaf- 
die, fituated about forty miles north from Aberdeen, 
where he lived many years, and where thirty-two child¬ 
ren were born to him by two wives. Of thefe, three 

fons made a conspicuous figure in the republic of let¬ 
ters, being all profeffors of mathematics at the fame 
time in three of the Britifh univerfities, viz. David at 
Oxford, James at Edinburgh, and Charles at St An¬ 
drews. 

Mr Gregory, the fubjet of this memoir, while he 
lived at Kinardfe, was a jell among the neighbouring 
gentlemen for his ignorance of what was doing about 
his own faim, but an oracle in matters of learning and 
philofophy, and particularly in medicine, which he had 
ftudied for his amufement, and began to pra&ife among 
his poor neighbours. He acquired fuch a reputatiori 
in that fcience, that he was employed by the nobility 
and gentlemen of that county, but took 110 fees. His 
hours of ftudy were lingular. Being much occupied 
through the day with thofe who applied to him as a 
phyfician, he went early to bed, rofe about two of 
three in the morning, and, after applying to his (Indies 
for fome hours, went to bed again and dept an hour' 
or two before breakfaft. 

He was the firft man in that country who had a ba¬ 
rometer ; and having paid great attention to the chan¬ 
ges in it, and the correfponding changes in the wea¬ 
ther, he was once in danger of being tried by the pref- 
bytery for witchcraft or conjuration. A deputation 
of that body waited upon him to enquire into the 
ground of certain reports that had come to their ears 
but he fatisfied them fo far as to prevent the pro fe cut ion 
of a man known to be fo extenfively ufeful by his know¬ 
ledge of medicine.' 

. About the beginning of this century he removed with 
his family to Aberdeen, and in the time of Queen' 
Anne's war employed his thoughts upon an improve¬ 
ment in artillery, in order to make the Ihot of great 

guns, more definitive to the enemy, and executed a< 
model of the engine he had conceived. Dr Reid in¬ 
forms us, that be converfed with a clock-maker in A- 
berdeen who had been employed in making this model ; 
but having made many different pieces by dire&ion 
without knowing their intention, or how they were to< 
be put together, he could give no account of the 

whole.. After making fome experiments with this mo¬ 

de 1 y > 
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Gregory, del, which fatisfied him, the old gentleman was fo fan- 
Giindmg, gUjne jn the hope of being ufeful to the allies in the 

war againft France, that he fet about preparing a field 
equipage with a view to make a campaign in Flanders, 
and in the mean time fent his model to his fon the Sa- 
vilian profelfor, that he might have his and Sir Ifaac 
Newton’s opinion of it. His fon (hewed it to New¬ 
ton, without letting him know that his own father was 
the inventor. Sir Ifaac was much difplcafed with it, 
faying, that if it had tended as much to the preferva- 
tion of mankind as to their deftru&ion, the inventor 
would have deferved a great reward ; but as it was con¬ 
trived folely for deftru&ion, and would foon be known 
by the enemy, he rather deferved to be punifhed, and 
urged the profelfor very ftrongly to deftroy it, and if 

poffible to fupprefs the invention. It is probable the 
profelfor followed this- advice. He died foon after, 
and the model was never found. 

If this be a juft account of the matter, and Dr 
Reid’s veracity is unqucftionable, we cannot help 
thinking that Newton's ufual fagacity had, on that 
occafion, forfaken him. Were the implements of war 
much more deftru&ive than they are, it by no means 

follows that more men would be killed in battle than 
at prefent. Mufkets and cannons are furely more de- 
ftru&ive weapons than javelines and bows and arrows ; 
and yet it is a well known facl, that fince the inven¬ 
tion of gunpowder battles are not half fo bloody as 
they were before that period* The oppoiite armies 
now feldom come to clofe quarters, a few rounds of 
mulketry and artillery commonly decide the fate of 
the day ; and had Mr Gregory’s improvement been 
carried into effe&, ftiil fewer rounds would have decid¬ 
ed it than at prefent, and the carnage would confe- 
quently have been lefs. 

When the rebellion broke out in 1715, the old gentle¬ 
man went a fecond time to Holland, and returned 
when it was over to Aberdeen, ’ where he died about 
1720, aged 93, leaving behind him a hiftory of his 
own time and country, which was never publifhed. 

Gregory (Dr David). In addition to the ac¬ 
count given in the Encyclopedia of this eminent mathe¬ 
matician, it may be proper to add, that he was a 
moft intimate and confidential friend of Sir Ifaac New¬ 
ton, and was intruded with a mannfcript copy of the 
Principia, for the purpofe of making obfervations on 
it. Of thefe Newton availed himfelf in the iecond 
edition, they having come too late for his firft publica¬ 
tion, which was exceedingly hurried by Dr Halley, 
from fears that Newton’s backwardnefs would not let 
it appear at all. There is a complete copy of thefe 
obfervations preferved in the library of the univerfity 
of Edinburgh, prefented to it by Dr James Gregory, 
the prefent profelfor of the pra&ice of medicine. Thefe 

contain many fublime mathematical difeuffions, many 
valuable commentaries on the Principia, and many _in- 
terefting anecdotes. There are in it foine paragraphs 
in the hand-writing of Huyghens relative to his The¬ 
ory of Light. It would appear that this work of 
confidential friendfhip was the foundation of that fyf- 
tem of phyfical and mathematical aftronomy which has 
raifed Dr Gregory to great eminence in the republic 
of letters. 

GRINDING, in Cutlery, a well-known operation, 

by which edge-tools are fharpened. As commonly G-indiag$ 
pra&ifed, the grinding of tools is attended with great ~ v~— 
inconveniency, arifing from the production or develops- 
ment of heat by friction. The faCt of fparks flying 
from a dry grindftone when a piece of iron or fteel is 
applied to its furface during the rotation, has been feen 
by every one. The heat produced during this procefs 
is fuch that the fteel very foon becomes ignited, and 
hard tools are very frequently foftened and fpoiled, for 
want of care during the grinding. When a cylindri¬ 
cal (tone is partly immerfed in a trough of water, the 
rotation muft be moderate and the work (low, other- 
wife the water would foon be thrown off by the cen¬ 
trifugal force ; and when this fluid is applied by a cock 
from above, the quantity is too fmall to preferve the 
reqnifite low temperature. It is even found, that the 
point of a hard tool, ground untler a eonfiderable mafs 
of water, will be foftened, if it be not held fo as to 
meet the ftream ; fparks being frequently afforded even 
under the water. 

To find a remedy for this, Mr Nicholfon was led, 
by fome accounts which he received of German cut¬ 
lery, to make the following experiment. He procured 
a Newcaftle grindftone of a fine grit and ten inches in 
diameter, and alfo a block of mahogany to be ufed 
with emery on its face. Both the done and the wood¬ 
en block were mounted on an axis, to be occafionally 
applied between the centres of a ftrong lathe. In this 
fituation both were turned truly cylindrical, and of the 
fame diameter. The face of the wood was grooved 
obliquely in oppofite direClions, to afford a lodgement 
for the emery. The face of the done was left fmooth, 
and there was a trough of proper fize applied beneath 
the done to hold water. The grindftone was then 
ufed with water, and the wooden cylinder was faced 
with emery and oil. The inftrument ground was a 
file, out of which it was propofed to grind all the 
teeth. The rotation was produced by the median ifm 
of the lathe ; the velocity being fuch as to turn the 
grinding apparatus about five revolutions in a fecond. 
The ftont operated but dowdy, and the water from the 
trough was foon exhaufted, with inconvenience to the ■ 
workman, who could fcarcely be defended from it but 
by daekening the velocity. The emery cylinder cut 
rather fafter. But notwithftanding the friction was 
made to operate fuccedively and by quick changes on 
the udiole furface of the file, it foon became too much 
heated to be held with any convenience ; and when a 
cloth was ufed to defend the hand, the work not only 
became awkward, but the heat increaled to fuch a de¬ 
gree that the oil began to be decompofed, and emitted 

an empyreumatic fmell. The ftone was then fuffered 
to dry, and the file tried upon its face. It almoft im¬ 
mediately became blue, and foon afterwards red-hot. 
Both the cylinders were then covered with tallow, by 
applying the end of a candle to each while revolving, 
and emery was fprinkled upon the cylinder of wood. 
The fame tool was then applied to the grindftone in 
rapid motion. At the firft fnftant the friclion was 
fcarcely perceptible ; but very fpeedily afterwards the 
zone of tallow preffed by the tool became fufed, and 
the ftone cut very faft. The tool was fcarcely at all 
heated for a long time ; and when it began to feel 
warm, its temperature was immediately lowered by re¬ 

moving 
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^ moving it to a new zone of the cylinder. The fame 

efFe& took place when the experiment was repeated 
with the wooden cylinder. 

It is not difficult to explain this by the modern doc¬ 
trine of heat. When oil was ufed upon the wooden 
cylinder, the heat developed by the fri&ion was em¬ 

ployed in railing the temperature of the tool and of the 

fluid oil : but when tallow was fubftitutcd inftead of 
the oil, the greateft part of the heat was employed in 

fufing this confident body. From the increafed capa¬ 

city of the tallow, when melted, this heat was abforb- 
ed, and became latent, inftead of being employed to 
raife the temperature z and whenever, by continuing 
the procefs, the tallow already melted began to grow 

hot, together with the tool, it was eafy to reduce the 
temperature again by employing- the heat on another 

zone of confident tallow. He tiled thefe two cylinders, 
with much fatisfadion, in a confiderablc quantity of 
work. ; 

1 his promifes to be a valuable difcovery ; and the 
public is obliged to the ingenious author of the Philo- 
fophical Journal for being at fo much pains on this, as 
well as on other occafions, to render his fcience fubfer- 
vient to the ufeful arts. 

GROSE (Francis, Efq; F. A.S.) was born, we be- 
heve, in 1731. He was the fon of Mr Francis Grofe 

of Richmond, jeweller, who filled up the coronation 
crown of George II. and died 1769. By his father 
he was left an independent fortune, which lie was not 
of a difpofition to add to,, or even to preferve. He 
early entered into the Surrey militia, of which he be¬ 

came adjutant and paymader ; but fo much had difiipa- 
ron taken pofieffion of him, that in a fituation which 

above all others required attention, he was fo carelefs as 
to have for fome time (as he ufed pleafimtly to tell) 
only two books of accounts, viz. his right and left 
hand pockets. In the one he received, and from the 
other paid ; and this too with a want of circumfpec- 
tion which may be readily fuppofed from fuch a mode 
ot book-keeping. His lofes on this oecafion roufed 
his latent talents. With a good clafiical education 
he united a fine tade for drawing ; and encouraged by 

his friends, as well as prompted by his fituation, lie 
undertook the work from which he derived both pro¬ 
fit and reputation ; we mean, his Views of Antiqui- 

ues m England and Wales, which he firft began to 
publifh m numbers i0 the year 1773, and ftnilhed in 

the year 1776. The next year he added two more 
volumes to his Englilh Views, in which he included 
the 1 (lands of Guernfey and Jerfey, which were com- 

pletcd in 1787. This work anfwered his mod fan- 
gumc expectations ; and, from the time he began it to 

the end of his life, he continued without intermiflion 
to publilh various works (a lift of which we fubjoin), 
generally to the advantage of his literary reputation, 
and alntoll always to the benefit of his finances. His 

wit and good humour were the abundant fource of fa- 

tisfaction to lnmfelf, and entertainment to his friends. 
He vifited almoft every part of the kingdom, and was 
well received wherever he went. In the fummer of 

1789 he fet out on a tour in Scotland ; the refult of 
which he began to communicate to the public in 1700 

m numbers. Before be had concluded this work, h- 

proceeded to Ireland, intending to furnifii that king¬ 

dom with views and defections of her antiquities, in 
Buppl. Vot. I. Part II. 
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the fame manner he had executed thofe of Great Bri. 
tain ; but focjn after his arrival in Dublin, being at the 

houfe of Mr Horne there, he fuddenly was feized at 
table with an apopledUc fit, on the 6th May ,791, 

and died immediately. He was interred in Dublin. 

. “ Hls literary hiftory (fays a friend), re (pert able as 

it is, was exceeded by his good humour, conviviality, 
and friendfhip. Hiving much abroad, arid in the bell 

company at home, he had the eafiefl habits of adapt¬ 
ing lnmfelf to all tempers ; and, being a man of gene-- 

ral knowledge, perpetually drew out fomc conversation 
that was either ufeful to himfeif or agreeable to the 

party. He could obferve upon moil things with pre- 

cifion and judgment ; but his natural tendency was to 
humour, in which he excelled both by the feledion of 
anecdotes and his manner of telling them : it may be 
laid, too, that Ins figure rather affiihed him, which was 

in fa61 the very title-page to a joke. He had neither 

the pride nor malignity of authorfliip : he felt the in¬ 

dependency of his own talents, and was fatisfied with 
them, without degrading others. His friendfhip* were 

of the fame call ; conllant and fincere, overlooking 
foine faults, and feeking out greater virtues. He had 

a good heart ; and, abating thole little indifcretions na¬ 
tural to mod men, could do no wrong.” 

He married at Canterbury, and reiided there fome 
years, much beloved and refpedled for his wit and vi¬ 
vacity ; “ which (another friend obferves), though 

he podefied in an extreme degree, was but littF tinc¬ 
tured with the cauflic /pint fo prevalent among ipirit* 
ot that clafs. His humour was of that nature which 

exhilarates and enlivens, without leaving behind it a 

ftmg ; and though perhaps none poRefTed more than 
lnmfelf the faculty of “ fetting the table in a roar,” it 

was never at the expence of virtue or good manners. 
Of him indeed may be faid in the words of Shakc- 
lpeare, 

Grofe. 

—— -- a merrier man, 

Within the limits of becoming mirth, 

I never fpent an hour’s talk withal : 
His eye begets oecafion for his wit ; 

And every objeH that the one doth catch, 
I he other turns to a mirth-moving jsft. 

Of the moft carelefs, open, and artlefs difpofition. 
lie was often (particularly in the early part of his life) 
the prey of the defining ; and has more than once (it 

is believed) embarrafled himfeif by too implicit confi¬ 
dence in the probity of others. A tale of diftrefs never 

failed to draw commiferation from his heart ; and often 
has the tear been difeovered gliding down that cheek 
which a moment before was fiuftied with jocularity ” 

He was father of Daniel Grofe, Efq; captain of the 
royal regfment of artillery (who, after feveral cam¬ 

paigns in America, was appointed in 1790 deputy tro- 

vernor of the new fettlement at Botany Bay), and fome 
other children. 

His works are as follow ; 

1. The Antiquities of England and Wales, 8 vols. 
4to and 8vo. 2. The Antiquities of Scotland, ? 
vo s. 4to and 8vo. 3. The Antiquities of Ireland, 2 
vols. 4to and 8vo. 4. A Treat.'fe on ancient Armour 

ami Weapons, 41°, 1785. 5. A Claffical Dictionary 
of the Vulgar Tongue, 8vo, ,785. 6. Militarv A,, 
tiqmt.es ; being a Hiftory of the Englifi, Army from 

4 V the 
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Guerite, the Conqueft to the prefent time, 2 vols 4^°> *786, 
Guillotine, y. The Hiftory of Dover Caftle, 'by the Rev. 

1 v ' William Danell, 410, 1786. 8. A Provincial Glof- 
fary, with a Colledion of local Proverbs and popular 

Superftitions, 8vo, 1788. 9. Rules for drawing Ca¬ 
ricatures, 8vo, 1788. 10. Supplement to the Treatife 
on Ancient Armour and Weapons, 4to, 1789.. 11. 
A Guide to Health, Beauty, Honour, and Riches ; 

being a colle&ion of humorous* Advertifements, point¬ 
ing out the Means to obtain tliofe bleflings ; with a 

fuitable introductory Preface, 8vo. 12. The Olio ; be¬ 

ing a Colle&ion of Eflays in 8vo, 1793. 
GUERITE, in Fortification, a centry-box ; being 

a fmall tower of wood, or Hone, ufualiy placed on the 
point of a baftion, or on the angles of the (boulder, to 

hold a centinel, who is to take care of the ditch, and 

watch againft a furprife. 
GUILLOTINE, a new term introduced into the 

languages of Europe by the mournful efteds of fanati- 
cifm in the holy caufe of liberty. Our readers are not 
ignorant that this is the name given by the National 
A (Terribly of France to the engine of decapitation, which 
thofe ufurpers of the legifiative authority decreed to be 
the foie punifhment of thofe condemned to death for 

their crimes. This decree was iftiied on March 20tb 

1792. 
We do not imagine that the world will derive much 

lifeful inftrudion from a minute defcription of this ter¬ 
rible inftrument of public juftice; and therefore con^ 

Plate tent ourfelves with giving two figures of it, fufficiently 
XXIX. exprefiive of its conftrudion. It is only the revival of 

an inftrument ufed in former times. The earlieft ac¬ 
counts that we have of it is, that it was ufed in the ba¬ 
rony of Halyfax in Yorkfhire. It was alfo fet up in 
Scotland; but we have no certain information that it lias 

ever been ufed ; and it is dill (hewn as a fort of curiofity 

by the name of the May den. See Maiden, EncycL 
Eratofthenes could not think of abetter way of hand¬ 

ing down his name to future ages than by burning the 
temple of Diana at Ephefus ; Dr Guillotin, phyfician 

at Lyons, and member of the felf-named National Af- 
fembly of France, thought himfelf honoured by the de¬ 
cree which afibeiated his name with this inftrument of 
popular vengeance. It was indeed propofed by him 
as an inftrument of mercy, in a ftudied harangue, filled 
with that fentimentaL fiang of philanthropy, which 

cofts fo little, promifes fo much, and lias now corrupt¬ 
ed all the languages of Europe. His invention is in¬ 
deed one of the mod expenfive fpecimens of Gallic phi¬ 
lanthropy, whofe tender mercies are cruel ; and was ac¬ 

cordingly received with loud applaufes, both from the 
houfe and from the galleries. To proceed, however, 
with impofing dignity, it was referred to the confidera- 
tion of a committee, \yith injundions to a(k the opinion 

of able furgeons of its efficiency. Mr Louis, a celebra¬ 
ted furgeon of Paris, declared it well fitted for the talk, in 
a long pedantic diflertation ; in which he takes occufion 
to deliver, with academic coldnefs, a theory of the ope¬ 

ration of cutting inftruments ; and fays that he had 
examined the edge of the guillotine, and other fuch 
inftruments, with a microfcope, and had difcovered 

that the fined edges were toothed like a faw. M. Guil¬ 
lotin, he faid, had therefore with great judgment made 

the axe of his engine of death with a (loping edge, by 

which means il glijfoit d'une fag on infinitment phi douce• 

This diflertation was fo much to the tafte of the till- Guillotine! I 
mane legifiature, that they rewarded Mr Louis with U II 

2000 livres, and publiftied it in the Paris Journals. As [8 
to the inventor, he reaped all the benefit from it which I 

he fo kindly intended for the nation, by the trial of it 
011 his own perfon, when'lie fell under the difplealure II 

of Robefpierre. 
We acknowledge, that in as far as this inftrument 

leffens the duration of the horrid conflict with the king 
of terrors, and probably diminiffies the corporeal fuffei - 
ance, it may be called merciful (alas 1 the day!) ; but 
we queftion much, whether the dreadful agitation of foul 

is not rather iucreafed by the long train of preparatory 
operations. The hands of the convict are tied behind 
his back : he is then ftretched along on his face 011 a 
ftrong plank, and his precife pofition adjufted to the in¬ 

ftrument. When faftened to the plank, it is pufhed 

forward into its place under the fatal edge, his neck ad- 
jufted to the block, and a bafket placed juft before his 
eyes (for the face of Louis XVI. was not covered) to 
receive his head. This mull employ a good deal of 

time, and every moment is terrible. 
The conftrudion has received many alterations and 

refinements ; and has at laft been made fo compendious 
and portable, as to become part of the travelling equi¬ 
page of a commiffioner from the National Aflembly, 

fent on a provincial or fpecial vifitation. Thus did the 
fovereign people become terrible in majefty. So fen- 
fible was the aflembly of the advantages of this awful 
impreffion, or fo intoxicated with the enjoyment of irre- 
fiftible power, that they have thought their coins orna¬ 

mented by this attribute of their fupremacy : and as 
Jupiter is diftinguifhed by his thunderbolt, fo the m^v 
jefty of the people is diftinguifhed by the no lefs fatal 
axe. We have feen a piece of ten fotis, (truck at Mentz 

in 1793, and iiTued as current money, at the very time 
that they were planting the tree of liberty in that illu¬ 
minated city by the hands of Cuftine and his troops. 

The device is the fafees and axe of ancient Rome, 
crowned with a red cap, and furrounded by a laurel 

wreath. The infeription is, Republique Frangotfe1793* 
an, 2d. Fully impreffed with the fame fentiments, 
Lequinio, the fentimental novellift of France, whom 
Mercier compares with the tender, the heart-touching. 

Sterne—Lequinio, now commiffioner, fent by the Na¬ 

tional Aflembly to regenerate Normandy and Brittany*, 
writes to his mafters, that “ he is very fuccefsful in con- 
verfions from fuperftition to found reafon.,, He oppofes 

to the Bible and the relids of the faints the conftitu- 
tiori and the guillotine. u And you would wonder (fays 

he) at my fuccefs — The wife (but they are few) give, 
up their prejudices at once ; but the multitude, the flu- 
pid worlhippers of Notre Dame, look at our lady the 
guillotine; are filent, becomes ferious, and their doubts 

vanifh;-—they are converted. This is your labarum— 

in hoc Jig no vinces.” 
GULA, Gueule, or Go la, in Architedure, a 

wavy member whofe contour refembles the letter S* 

commonly called an Ogee. 
GUNPOWDER, as we have obferved in the Ency¬ 

clopedia under the word Gun, has been known in the 
eaft, and particularly in China, from a period of very 
remote antiquity. No man, however, feems to have, 
fufpeded that the knowledge of it was conveyed from 

the eaft into Europe; but all have agreed to allow the 
merits 
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merits of the invention both to friar Bacon and 

Bartholomew Schwartz. This generally received opi¬ 
nion has been lately controverted by citizen Langles, 
who, in a memoir read in the French national inllitute, 

contends, that the knowledge of gunpowder was con¬ 
veyed to us from the Arabs, on the return of the Cru- 
faders to Europe. He allures us that the Arabs made 
ufe of it in 690 at the fiege of Mecca j and he adds, 
that they derived it from the Indians, among whom 

it mult have been known in the remote ft ages, lince 
their facred books (the Vedam) forbid the ufe of it in 

It is indeed extremely probable, that the compofi- 
tion of gunpowder was known in India at a very early 
period ; for in whatever country nature forms nitre in 

the greateft plenty, there its deflagrating quality is 
molt likely to be firft obferved ; and a few experiments 
founded on that oblei vation, will lead to the compofi- 

tion which produces fuch fudden and violent eifeSs. 
“ Nitre (fays Sir George Staunton) is the natural 
and daily produce of China and India; and there accor¬ 
dingly the knowledge of gunpowder feems to be co¬ 
eval with that of the moll diftant hiftoric events. A- 
mong the Cliinefe, it has been applied at all times to 
lifeful purpofea ; fuch as blafting rocks, and removing 

great obttruCtions, and to thofe of amufement in ma¬ 
king a vaft variety of fire-works. It was alfo ufed as 
a defence by undermining the probable paffage of the 
enemy, and blowing him up. But its force had not 
been dire&ed through ltrong metallic tubes as it was 
by Europeans foon after they had difcovered it. And 
though, in imitation of Europe, it has been introduced 

into the armies of the Eaft, other modes of warfare are 
fometimes ftill preferred to it.” 

Of gunpowder manufactured by thofe who have 
manufactured it fo long, it is defirable to know the 
compofition and the qualities. It was therefore na- 
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to there is fcarcely a fubjeCt concerning which the moft 

approved writers have fo much differed. Mr Robins, 
who has done more towards perfecting the art of gun¬ 

nery than any other individual, ftates the explofive force 
of gunpowder to be 1000 times greater than the mean 
p re flu re of the atmofphere; while the celebrated Daniel 

Barnouilli determines it to be not lefs than j 0,000 times 
this prtfTurc. Such a difference of opinion led Count 

Romford to purfue a eourle of experiments, of which 
fome were puhliflied in the Transactions of the Royal 
Society for the year 1781, and the remainder in the 
TranfaCtions of the fame Society for 1797; with the 

view principally of determining the initial expanfive 

force of gunpowder. By one of thefc experiments, it 
appeared, that calculating even on Mr Robins’s own 

principles, the force of gunpowder, inftead of being 
jooo times, mull at leaft be 1308 times greater than 

the mean preffure of the atmofphere. From this ex¬ 

periment, the Count thought himfelf warranted in con¬ 
cluding that the principles affumed by Mr Robins were 

erroneous, and that his mode of afeertaining the force 
of gunpowder could never fatisfa&orily determine it. 
Defpairing of fuccefs in that way, he refolved to make 
an attempt for afeertaining this force by a&ud mea- 

furement; and after many unfuccefsful experiments, he 
was at length led to conclude, that this force was at 

leaft 50,000 times greater than the mean prefture of the 
atmofphere. 

Mr Robins apprehends that the force of fired gun¬ 
powder confifts in the aClion of a permanently eiaflic 
fluid, fimilar in many refpeCls to common atmofpheri- 
cal air ; and this opinion has been very generally re¬ 

ceived : but Count Rumford thinks, that though the 
permanently elaftic fluids, generated in the combuftion 
of gunpowder, aflift in producing the effeCts which re- 
fult from its explofion, its enormous force, allowing it 
to be 50,000 times greater than the mean preffure of . 1 r ,1 tt r* * xt • 1 ------- -~ -“**''* gitaui maw me mean prenure or 

tural for the Hon. George Napier,, when fupenntend- the atmofphere, cannot be explained, without fuppcfW 
insf the roval laboratory at Woolwich, and malrinrr t-lm* if c_— ..l _ n* •. r . 1 ® ing the royal laboratory at Woolwich, and making ex¬ 
periments upon fo neceffary an implement of modern 
war, to procure fome Chinefe powder from Canton. 

This he did ; and analyzing two ounces of it, he 
found, after repeating the operation fix times, that the 
mean refult gave the following proportions *. Nitre 
1 oz. 10 dwts. charcoal 6 dwts. fulphur 3 dwts. 14 

Royal Irifb grs. Here is a deficiency in weight of ten grains, 

which M. Napier fuppofes the confequence of fome de- 
fe& in his procefs ; but as M. Baume, a French che- 

mift, made a variety of experiments to obtain a total fe- 
paration of the fulphur from the charcoal of gunpow¬ 

der, and was never able to efFed it, one fourteenth part 
remaining united, three grains muft be deduced from the 
charcoal arid added to the fulphur to give the accu¬ 
rate proportion of the ingredients; which by turning to 
the article Gunpowder, Encycl. the reader will per¬ 
ceive differs fomewliat from the proportion of the fame 
ingredients in the gunpowder of Europe. This Chi¬ 
nefe powder was ufually large-grained, and not ftrong, 
but very durable. It had been made many years when 

our author got. it; yet there was no vifible fymptom of 
decay, the grain being hard, well coloured, and though 
angular, it was even-fized, and in perfed prefervation. 

that it arifes principally from the elarticity of the a- 
queous vapour generated from the powder in its com¬ 
buftion. 

“ The brilliant difeoveries of modern chemifts (fays 
lie) have taught us, that both the conftituent parts of 

which water is ccmpofed, and even water itfeif, exift in 
the materials which are combined to make gunpowder ; 

and there is much reafon to believe that water is Ac¬ 
tually formed, as well as difengaged, in its combuftion, 

M. Lavoilier, I know, imagined that the force of bred 

gunpowder depends in a great ineafure upon the ex. 
pan five force of uneombined caloric, fuppofed to be let 
loofe in great abundance during the combuftion or de- 
flagration of the powdqr : but it is not only dangerous 

to admit the action of an agent whofe exiftence is not 
yet clearly demonftrated ; but it appears to me that 

this fuppofition is quite unneceffary, the elailic force 
of the heated aqueous vapour, whofe exiftence can 
hardly be doubted, being, quite fufficient to account for 
all the phenomena. It is well known that the elafti- 

city of aqueous vapour is incomparably more augment¬ 
ed by any given augmentation of temperature than that 
of any permanently elaftic fluid whatever ; and thofe 
who are acquainted with the amazing force of fteam. TTTi r, 1 . ^ f ,-- w wnu me amazing rorce ot iteam. 

When we confider the operations in which gunpow- when heated only to a few degrees above the boffin* 
der is employed, it is obvious that it muft be an obje& point, can eafily perceive that its elafticity muft be ah 

o importance to afeertam its explofive force j and yet moft infinite when greatly condenfed and heated to the 

4 Y 2 temperature 

Gunpow¬ 
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temperature of red-hot iron ; and this heat it mult cer¬ 

tainly acquire in the explofion of gunpowder. B it it 
the force of fired gunpowder arifes principally from the 
elaftic force of heated aqueous vapour, a cannon is no¬ 
thing more than a Jit am engine upon a peculiar con- 
ftrudion ; and upon determining the ratio of the elal- 

ticity of this vapour to its denfity, and to its tempera¬ 
ture, a law will be found to obtain very diiferent Irom 

tli3t affumed by Mr Robins in his Treatife on Gun¬ 

nery.” 
In order to meafure the elaftic force of fired gun¬ 

powder, Count Rumford adopted a new plan ; and, in- 
ltead of cauiing the generated elaftic fluid to acl on a 
moveable body through a determined fpace, which he 

had found to be ineffectual to his pnrpofe, he contrived 
an apparatus in which this fluid fhonld be made to a6l, 
“ by a determined fnrface, againfl a weight, which, by 

being in created at pleafure, fliould at lafl be fuch as 
would juft be able to confine it, and which in that cafe 

would juft counterbalance and eonfequently meafure the 

elaitic force.” 
Having fuceeeded in fetting fire to the powder, 

without any communication with the external air, “ by 
raiding the heat employed for that pnrpofe to pafs 
through the folid fubftanee of the barrel, it only re¬ 
mained to apply fueh a weight to an opening made in 

the barrel, as the whole force of the generated elaftic 
fluid fliould not be able to lift, or difplace.” Many 
precautions were rieceflary. A folid block of very hard 

{tone, four feet four inches fquare, was placed upon a 
bed of folid mafonry, which defeended fix feet below 
the furface of the earth. Upon this block of done, 
which fervod as a bafe to the whole machinery, was 
placed the fmall barrel, in which the explofions were 
made, with its opening dire£tly upwards. This open¬ 

ing was clofed by a folid heinii'pliere of hardened A eel, 
on which the weight to be overcome by the explofion 

was laid. Having charged the barrel with 10 grains 
of powder, its whole contents being about 28 grains, 

and a 24 pounder, weighing 8081 lbs. avoirdupois, be¬ 
ing placed on its cafcabcl fo as by its weight to con¬ 
fine the generated tlaflic fluid, a heated iron ball was 
applied to the end of the vent tube (a fmall folid pro¬ 
jection from the centre of the bottom of the barrel). 

In a few moments the powder took fire, though the 
explofion made a very feeble report ; and when the 

weight was raifed, the confined elaitic vapour rulhed 

out of the barrel. The flight efife£t produced by this 
explofion induced fome of the attendants on this occa- 
fion to undervalue the importance of this experiment, 
and to form a very inadequate idea of the real force of 
the elaitic fluid that had been thus almoil infenfibly 
difeharged. In a fecond experiment, the barrel was 
filled with powder, and the fame weight laid on as be¬ 
fore. The barrel was made of the belt hammered iron, 
and uncommonly ftrong. The charge of powder a- 
mounted to little more than -^th of a cubic inch, which 

is not fo much as would be required to load a fmall 
poeket-piftol, and not one-tenth part of the quantity fre¬ 
quently ufed for the charge of a common mufket. Yet 
this inconfiderable quantity of powder, when fet on fire, 
exploded with a force that burft the barrel, and with a 
loud report that alarmed the whole neighbourhood. 

The author proceeds to make an’eftimate, from the 
known ftrength of iron, and the area of the fra&ure of 

the barrel in the preceding experiment, of the real force Gunpow- 

employed by the elailic vapour to burft it ; and he com- . 

putes that it muff have been equal to the preffure of a 

weight of 412529105.; which, by another computation, 
he found to be 55004 times greater than the mean 

preffure of the atmofphere. By another procefs, he in- 
vefligates the ftrength of the iron of which the barrel 
was made ; and he thence finds that the force required 

to burfl: it was equal to the preflure of a weight of 

410624-5 lbs. This weight, reduced into atmofpheres, 
gives 54750 atmofpheres for the meafure of the force 
exerted by the elaitic fluid in the prefent inftance. This 
force mu ft be coniiderably lefs than the initial force of 

the elaitic fluid generated in the combuftion of gun¬ 
powder, before it has begun to expand; “ lor it is more 

than probable (fays Count Rumford) that the barrel 
was in fa£t burft before the generated elaitic fluid had 
exerted all its force, or that this fluid would have been 
able to have burft a barrel ftill ftronger than that ufed 

in the experiment.” 
After having (hewn the extreme foree of fired gun¬ 

powder, the Count adverts to an objection which may 
be made againlt his deductions. How does it happen 

that fire-arms and artillery of all kinds, which certainly 
are not calculated to withftand fo enormous a force, are 
not always burft when they are ufed ? In Read of an- 
fwering this queftidn, by afking how it happened that 
the extremely ftrong barrel uled in his experiment could 
be burft by the force of gunpowder, if this force be not 
in faCt much greater than it has ever been fuppoied to 

be, lie proceeds to fhew that the combuftion of gun¬ 
powder, inftead of being iiiftantaneous, as Mr Robins's 

theory fuppofes, is much lefs rapid than has hitherto 
been apprehended ; an obfervation which, if eftablifhed, 
is certainly fufticient to anfwer the obje&ion. 

He remarks, that it is a well-known faCl that, on the 
difebarge of fire-arms of all kinds, there is always a 
confiderable quantity of unconfumed grains of gunpow¬ 
der blown out of them; and what is very remarkable, as 

it leads dire&ly to a difeovery of the caufe of this effedl, 
thefe unconfumed grains are not merely blown out of the 

muzzles of fire-arms, but come out alfo'by their vents or 
touch-holes, where the fire enters to inflame the charge, 
as many perfons who have had the misfortune to Hand 

with their faces near the touch-hole of a mulket, when 
it has been difeharged, have found to their coft. 

It appears extremely improbable to our author, if 

not abfoluteiy impoffible, that a grain of gunpowder ac¬ 
tually in the chamber of the piece, and completely fur- 
rounded by flame, fliould, by the aClion of that very 
flame, be blown out of it without being at the fame 

time fet on fire. And, if this be true, he confiders it 
as a moll deciflve proof, not only that the combuftion 

of gunpowder is lefs rapid than it has generally been 
thought to be, but that a grain of gunpowder actually 
on fire, and burning with the utmolt violence over the 
whole of its furface, may be projected with fuch a velo¬ 
city into a cold atmofphere, as to extinguifti the fire, and 
fuller die remains of the grain to fall to the ground un¬ 

changed, and as inflammable as before. 
This extraordinary fa£t was afeertained beyond all 

poffibility of doubt by the Count’s experiments. Ha¬ 
ving procured from a powdermill in the neighbourhood 

of the city of Munich a quantity of gunpowder, all of 

the fame mafia, but formed into grains of very different 
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fizes, fome as ftnall as the grains of the fined Battel 
powder, he placed a number of vertical fcreens of very 

""’’thin paper, one behind another, at the diflance of i 2 
inches from each other ; and loading a common mufket 

repeatedly with this powder, fometimes without and 
fometimes with a wad, he tired it againft the foremolt 
fcreen, and obferved the quantity and effedls of the un- 

confumcd grains of powder which impinged againft it. 
The fcreens were fo contrived, by means of double 
frames united by hinges, that the paper could be chan¬ 
ged with v£ry little trouble, and it was adlually chan¬ 
ged after every experiment. 

The diflance from the muzzle of the gun to the firft 
fcreen was not always the fame; in fome of the expe¬ 

riments it was only 8 feet, in others it was to, and in 
fome i 2 feet. 

The charge of powder was varied in a great number 
of different ways; but the mail interfiling experiments 

were made with one fingle large grain of powder, pro¬ 
pelled by fmalier and larger charges of very fine grain¬ 
ed powder. 

Thefe large grains never failed to reach the fcreen ; 
and though they fometimes appeared to have been bro¬ 
ken into feveral pieces by the force of the explofion, 
yet they frequently reached the fcreen entire ; and 

fometimes palled through all the fcreens (five in num¬ 
ber) without being broken. 

When they were propelled by large charges, and 
confequently with great velocity, they were feldom on 
fire when they arrived at the firft fcreen ; which was 
evident, not only from their not fetting fire to the pa¬ 
per (which they fometimes did), but alfo from their 
being found flicking in a foft board, againft which they 

iiruck, after having paffed through all the five fcreens ; 
or leaving vifible marks of their having been impinged 
againft it, and being broken to pieces and difperfed by 

the blow. Thefe pieces were often found lying on the 
ground ; and from their forms and dimenfions, as well 
as from other appearances, it was often quite evident 
that the little globe of powder had been on fire, and 

that its diameter had been diminifhed by the combuf- 
tion before the fire was put out, on the globe being 
projected into the cold atmofphere. 

That thefe globes or large grains of powder were al¬ 
ways fet on fire by the combuflion of the-charge, can 
hardly be doubted. This certainly happened in many 
of the experiments ; for they arrived at the fcreens on 
fire, and fet fire to the paper ; and in the experiments 

in which they were projedled with fmall velocities, 
they were often feen to pafs through the air on fire i 

and when this was the cafe, no veftige was to be 
found. They fometimes paffed on fire through feve¬ 
ral of the foremofi fcreens without fetting them on fire* 
and fet fire to one or more of the hindmofl, and then 

went on and impinged againfi the board which was 
placed at the diflance of twelve inches behind the lait 
fcreen. 

The Count then proceeds to mention another expe¬ 
riment, in which the progreffive combuflion of gun¬ 

powder was fhewn in a manner flill more finking, and 
not lefs conelufivc. 

A fmall piece of red hot iron being dropped down 
into the chamber of a common horfe piflol, and the 
piflol being elevated to an angle of about 45 degrees, 

upon dropping down into its barrel, one of the fmall 
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globes of powder (of the fize of a pea), it took fire, and Ganpow- 

was projedled into the atmofphere by the elaflic fluid ^er* 
generated in its own combuflion, leaving a very beauti- 

ful train of light behind it, and difappearing all at once 

like a falling liar. This amufing experiment was re¬ 
peated very often, and with globes of different fizes. 
When very fmall ones were ufed iiugly, they were com¬ 

monly confumed entirely before they came out of the 
barrel of the piflol; but when feveral of them were 
ufed together, fome, if not all of them, were common¬ 
ly proje&ed into the atmofphere on fire. 

As the fiovvnefs of the combuflion of gunpowder is 
undoubtedly the caufe which has prevented its enor¬ 

mous and almofl incredible force from being difeover- 
cd, our author deduces, as an evident confcquence, that 
the readiefl way to increafe its effe&s, is to contrive 

matters fo as to accelerate its inflammation and com- 
bnflion. This may be done in various ways ; but, in 
his opinion, the mofl fimple and mofl tfFe&ual manner 
oi doing it would 

{hoot 
be to let fire to the charge of pow¬ 

der, by {hooting (through a fmall opening) the flam* 
of a fmalier charge Into the rnidfl of it. 

He contrived an inflrument on this principle for 
firing cannon three or four years ago; and it was found, 
on repeated trials, to be ufeful, convenient in pra£lice, 

and not liable to accidents. It likewife fuperfedes the 

neceffity of ufing priming, of vent tubes, port-fires, and 
matches ; and on that account he imagined it might be 
of ufe in the Brit ilk navy, but it does not appear to 
have been received into pradlice. 

Another infallible method of increafing very confi- 
derably the effe& of gunpowder in fire-arms of all forts 

and dimenfions, would be to caufe the bullet to fit the 
bore exactly, or without windage, in that part of the 
bore at lead where the bullet rells on the charge ; for 
when the bullet does not completely clofe the opening 
of the chamber, not only much of the elaflic fluid, ge¬ 
nerated in the firft moment of the combuflion of the 
charge, efcapes by the fide of the bullet; but what is 

of flill greater importance, a confiderable part of the 
11 neon fumed powder is blown out of the chamber along 
with it in a date of attual combuflion, and, getting b~! 

fore the bullet, continues to burn on as it paffes through, 
the whole length of the bore4 by which the motion of 
the bullet is mu oh impeded. 

The lofs of force which arifes from this caufe, is in 
fome cafes almod incredible^, and it is by no means dif¬ 
ficult to contrive matters fo as to render it very appa¬ 
rent, and alfo to prevent it. 

If a common horfe-piftol be fired with a loofe ball, 
and fo fmall a charge of powder that the ball fhall not 
be able to penetrate a deal board fo deep as to dick in 
it when fired againfi it from the didance of fix feet 
the fame ball, difeharged from the fame pidol with the 
fame charge of powder,, may be made to pafs quite 
through one deaL board, and bury itfelf in a fecund 

placed behind it, merely by preventing the lofs of force 
which arifts. from what is called windage, as he found 
more than once by adhial experiment. 

The Count has in his poffefliou a mufket, from 
which, with a common charge of powder, he fires two*, 
bullets at once with the fame velocity that a fingle bul¬ 
let is difeharged from a mufket on the common con- 

ffru&ion with the fame quantity of powder. And,., 

what renders the experiment dill more ffriking, the' 

diamcteiv 
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Gunfow- diameter of the bore of his mufket is exa£lly the fame this new powder which was made at Woolwich3 and 

. ’ . as that of a common mufket, except only in that part found it of about double the ftrength 'of the ordinary 
of it where it joins the chamber, in which part it is fort ; but it is not likely to come into common and ge- 

juft fo much contra&ed, that the bullet, which is next neralufe, for the preparation of the acid is difficult and 
to the powder, may ftick faft in it. He adds, that expendve (See CniMig+rkY-Index in this Suppl.), and 
though the bullets are of the common fize, and are con- the powder which is made of it catches fire and ex- 
-fequently confiderably lefs in diameter than the bore, plodes from the fmalleft degree of beat, and without 
means are ufed which effectually prevent the lofs of the aid of a fpark. It is to this cireuniftance, how- 
force by windage ; and to this laft circumftance he ever, that its fuperior ftrength feems to be in a great 
concludes, it is doubtlefs owing, in a great meafure, meafure owing. 

that the charge appears to exert fo great a force in GUNTER’s Chain. See Geometry, Encyclopa- 

propelling the bullets. dia, Part II. chap. 1. 

That the conical form of the lower part of the bore GUT-ris, a dangerous difeafe to which oxen and 
"where it unites with the chamber has a confiderable male calves are rendered liable by an improper mode of 
fhare in producing this extraordinary effect, is, how- caftration. In fome places, and particularly 111 Here- 
ever, very certain, as he has found by experiments made fordfhire, the breeders of cattle, when they caftrate 
with a view merely to afeertain that fadl. their calves, open theferotum, take hold of the tefticles 

At the clofe of the Count’s laft memoir, we have a with their teeth, and tear them out with violence ; by 
computation, defigned to fhew that the force of the e- which means all the veffels thereto belonging are rup- 
laftic fluid generated in the combuftion of gunpowder, tured. The vafa deferential entering by the holes of 
enormous as it is, maybe fatisfa&orily explained on the the tranfverfe and oblique mufcles into the abdomen, 

fuppofltion that it depends folely on the elafticity of pafs over the ureters in acute angles; at which turning, 
watery vapour, or fleam. From experiments made in by their great length and elaftic force, the peritoneum 

France in the year 1790, it appears that the elafticity is ruptured ; the vafa deferentia are fevered from the 
of fleam is doubled by every addition of temperature tefticles, and, fpringing back, form a kind of bow from 
equal to 300 of Fahrenheit’s thermometer. As the the urethra, where they are united, over the ureters, to 
heat generated in the combuftion of gunpowder can- the tranfverfe and;oblique mufcles, and there again unite, 

not be lefs than that of red-hot iron, it may be fup- where they firft entered the abdomen ; the part of the 
pofed equal to JOOO°of Fahrenheit’s fcale :-*-but the gut that is tied is the jejunum, at its turning from 
elaftic force of fleam is juft equal to the mean preffure the left fide to the right, and again from the right to 
of the atmofphere, when its temperature is equal to the left, forming right angles under the kidney, and at- 
that of boiling water, or to 212° of Fahrenheit’s ther- tached to the duplicature of the peritoneum, to which 

mometer ; confequently 21 2° + 30° sz 240° will rep re- it was united, where the rupture happened. There the 
fent the temperature, when its elafticity will be equal bow of the gut hangs over the bow of the <vafa defe- 
to the preffure of two atmofpheres ; and, purfuing the rentia, which, by a fudden motion, or turn of the beaft, 
calculation, at 602°, or 2° above the heat of boiling form a hitch or tie of the firing round the bow of the 
linfeed oil, its elafticity will be equal to the preffure of gut (filled with air), fimilar to what a carter makes on 

8192 atmofpheres, or above eight dimes greater than his cart line. This caufes a floppage in the bowels, 
the utrnoft force of the fluid generated in the ccmbuf- and brings on a mortification, which, in two days, or 
tion of gunpowder, according to Mr Robins’s compu- four at moft, proves fatal: And to this accident is the 
tation : but the heat in this cafe is much greater than beaft, when caftrated as above, liable from the day that 
that of 602° of Fahrenheit ; and therefore the elafticity he was caftrated till the time of his being flaughtered. 
of the fteam generated from the water contained in the The fymptoms of the gut-tie are the fame as thofe 
powder mull be much greater than the preffure of 8192 of an incurable colic, volvulus, or mortification of the 
atmofpheres. At 722°, the elafticity will be equal to bowels. The beaft affe&ed with this complaint will 

the preffure of 131,072 atmofpheres ; and this tempe- kick at its belly, lie down, and groan ; it has alfo a to- 
rature is lefs than the heat of iron, which is vifibly red- tal floppage in its bowels (except blood and mucus, 
hot in day-light, by 3950:—but the flame of gunpow- which it will void in large quantities), ami a violent 
der has been found to melt brafs, which requires a heat fever, &c. To diftinguifh with certainty the gut-tie 

equal to that of 3807° of Fahrenheit; 2730^ above from the colic, & c. the hand and arm of the operator 
the heat of red-hot iron, or 3805 higher than the tern- mufl be oiled, and introduced into the anus, through the 
perature which gives to fteam an elafticity equal to the redlum, beyond the os pubis, turning the hand dowu to 

preffure of 131,072 atmofpheres. That there is in the tranfverfe and oblique mufcles, where the veffels of 
gunpowder water fufficient for fupplying the neceffary the tefticles enter the abdomen. There the firing will 
quantity of fteam, the author has very fatisfa&orily e- be found united to the mufcles, and is eaflly traced to 
vinced ; but we mull not purfue his curious iuveftiga- the ftri&ure by the hand, without pain to the beaft. 
tions any farther. Thofe who want a fuller account From the general view of the agriculture of the conn, 

of them, will find it either in the original memoirs ty of Hereford, drawn up by Mr Clark of Builth, Bre- 
themfelves, or in a very accurate abridgment of thefe confhire, we learn that Mr Harris farmer at Wickton, 
memoirs in the firft volume of Nicholfon’s Journal of near Leominfler, had been uncommonly fuccefsful in 

Natural Philofophy, &c. the cure of the gut-tie. That gentleman informs us. 
We cannot conclude this article without mentioning that he had cut cattle for this difeafe from the age of 

a new kind of gunpowder, invented fome years ago in three months to that of nine years ; and as it is a mat- 
France, in which the marine acid is fubftituted, in ter of great importance, we fhall ftate his method of 

equal quantity, for nitre. Dr Hutton tried fome of operating in his own words, 
“ The 

Gut-tie. 
—r—rf 
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ft The only method of cure (fays he) that can be well in 
fafely ventured upon is, to make a perpendicular incifion, 
four inches under the third vertebra of the loins, on 
the left fide, over the paunch or ftomach, and introduce 
the arm to find the part affe&cd ; if poffible, keep the 

beaft {landing by the help of proper affiftants. The 
knife I make ufe of to fevere the firing is in the form 
of a large fifh-hook, witli an edge on the concave 

* * it is fixed to a itfng, which fits the middle finger, Me v , 0, .... 

which finger crooks round the back of the knife, the 
end of the thumb being placed on its edge. The in- 

ftrument, by being thus held in the hand, is fecured 
from wounding the furrounding inteflines ; with it I 
divide the firing or firings, and bring out one or both, 

as circumflauces require. Here it is to be obferved, 
that great care muil be taken by the operator not to 

wound or divide the ureters, which would be certain 
death. I then few up the divided lips of the perito¬ 

neum very clofe, with a furgeon’s needle threaded with 
flrong thread, eight or ten double, fufficiently waxed ; 
I alfo few np the {kin, leaving a vacancy at the top 

and bottom of the wound fufficiently wide to introduce 
a tent of furgeon’s tow, fpread with common digeftive 
and traumatic balfam ; covering the incifion with a pla- 
fler made of the whites of eggs*and wheat flour. The 

wound, thus treated, and dreffed every day, will be 
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a fortnight. The medicine I give to remove 

the ftoppage in the three ftomachs occafioned by the 
tie, and to carry off the fever, is four ounces of Glau¬ 
ber’s fait, two ounces of cream of tartar, and one ounce 
of fenna, infuled in two pounds of boiling water, adding 

half a pound of olive-oil, and working it off with plen¬ 

ty of gruel, mixed with a large quantity of infufion of 
mallows and elder-bark. I adminifler the gruel and 
infufion for at lead two or three days ; by which time 
the beaft will be well, will eat his provender, and chew 

the cud, and will forever be relieved, and remain fafe 
from this fatal diforder. 

. “ TJle following fimple and eafy method of caftra- 
tion will effectually prevent the gut-tie. Open the 

ferotum, loofeu out the tefticles, and tie the feveral vef- 
fels with a waxed thread or filk ; or fear them with a 
hot iron, to prevent their bleeding, as in the common 

way of cutting colts. This method can never difplace 
the veffels of the tefticles, bladder, kidneys, or intef- 
tincs ; all of which remain covered or attached to the 
peritoneum, or lining of the abdomen of the beaft, 

which renders it impoffible that there ffiould ever be 
a flri&ure or tie on the gut.” 

GUZ, an Indian meafure, varying in different places, 
but which may be reckoned about an Engliffi yard. 
The guz of Akbarwas 41 fingers. 

Gut* tie, 
Guz. 

H. 
Hances YTANCES, Hanches, Haunches, or Hanfes, in ar¬ 

il # ^ clutedlure, are certain fmall intermediate parts of 
arnot‘ arches between the key or crown and the fpring at the 

bottom, being perhaps about one-third of the arch, and 
fituated nearer the bottom than the top or crown ; and 

are otherwife called the fpandrels. See Arch in this 
Supplement. 

HANSPIKE, or Handspec, a lever or piece of 
llrong wood, for railing by the hand great weights, 
&c. It is five or fix feet long, cut thin and crooked at 
the lower end, that it rnay get the eafier between things 
that are to he feparatea, or under any thing that is to 
be raifed. It is better than a crow of iron, Lecaufe its 
length allows a better poife. 

HARRIOT (Thomas)'was a very eminent mathe¬ 
matician of the 16th and 17th centuries, of whom fome 

account has been given in the Encyclopedia Britannic a. 
In that article it has been {hewn, that Des Cartes had 
feen fome improvements of Harriot’s in algebra, and 
publiffied them to the wrorld as his own j but this piece 
of plagiarifm has been more completely proved in the 
Aftronoinical Ephemeris for the year 1788, by Dr 

Zache, aftronomer to the Duke of Saxe-Gotha ; who 
like wife ffiews that Harriot was an aftronomer as well 
as an algebraift. 

“ I here prefent to the world (fays the Doaor) a 
ffiort account of fome valuable and curious manuferipts, 
which I found in the year 1784 at the feat of the earl 
of Egremont, at Petworth in Suffex. 

A predeceffor of the family of lord Egremont, 
viz. that noble earl of Northumberland, named Henry 

Percy, was not only a generous favourer of all good 
learning, but alfo a patron and Maecenas of the learned 

men of his age. Thomas Harriot, the author of the 
faid manuferipts, Robert Hues (well known by his 
Treatife upon the Globes), and Walter Warner, all 

three eminent mathematicians, who were known to the 
earl, received from him yearly penfions ; fo that when 
the earl was committed prifoner to the Tower of Lon- 
don in the year 1606, our author, with Hues and War¬ 
ner, were his contlant companions ; and were ufually 
called the earl of Northumberland’s three Magi. 

“ Thomas Harriot is a known and celebrated mathe¬ 
matician among the learned of all nations, by his excel¬ 
lent work, Artis Analytice Praxis, ad equationes alge¬ 
braical nova expeditata & generali methodo, rcfolvendas, 
Tradatus poflhumus ; London 1631 : dedicated to Hen! 

ry earl of Northumberland ; publiffied after his death 
by Walter Warner. It is remarkable, that the fame 
and the honour of this truly great man were conftantly 

attacked by the French mathematicians, who could not 
endure that Harriot fhould in any way diminifh the 
fame of their Vieta and Des Cartes, efpecially the lat¬ 
ter, who was openly accufed of plagiarifm from our au¬ 
thor. 

Harriot;. 

“ Des Cartes publiffied his Geometry fix years after 
Harriot’s work appeared, viz. in the year 1637. Sir 

Charles Cavendifh, then ambaffador at the French court 
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Hnrrot. at Pans, obferved to the famous geometrician Rover- 

-—v-' val, that thefe improvements in analyiis had been already 
made thefe fix years in England, and fhevved him af¬ 
terwards Harriot’s Artis Analytica Praxis; which, as 
Rover val was looking over, at every page he cried out, 

Quit out! il l*a vu ! Yes ! yes! he has feen it ! Des Cartes 
had alfo been in England before Harriot’s death, and had 
heard of his new improvements and inventions in analyhs. 

“ Now all this relates to Harriot the celebrated 

analyit ; but it has not hitherto been known that Har¬ 
riot was an eminent allronomer, both theoretical and 
practical, which firft appears by tliefe manuferipts; 
among which, the molt remarkable are 199 obferva- 

tions of the fun’s fpot9, with their drawings, calcula¬ 
tions, and determination of the fun’s rotation about his 
axis. There is the greateft probability that Harriot 
was the firft difeoverer of thefe fpots, even before either 

Galileo or Scheiner. The earlieft intelligence we have 

of the firit difeovered folar fpots is of one Joh. Fabri- 

eius PhryfiU3, who in the year £6 f 1 publifhed at Wit- 
temberg a fmall treatife, mtitled, De Maculis in Sole oh- 
fervatis IA apparente eorum cum Sole convetfione narratio. 
Galileo, who is commonly accounted the firft difeoverer 

of the folar fpots, publiftied his book, IJloria e Dimon- 
Jlrazioni intorne alle Machie Solare e loro accidente, at 
Rome in the year 1613. His firft obfervation in this 
work is dated June 2d 1612. Angelo de Filiis, the 
editor of Galileo’s work, who wrote the dedication and 

preface to it, mentions, page 3. that Galileo had not 
only difeovered thefe fpots in the month of April in the 

year 1611, at Rome, in the Quirinal Garden, but had 
{hewn them feveral months before (molti mefi innanzi) 

to his friends in Florence ; and that the obfervations 
of the difguifed Apelles (the Jefuit Scheiner, a pre¬ 
tender to this firft difeovery) were not later than the 
month of Oftober in the fame year; by which the 
epoch of this difeovery was fixed to the beginning of 

the year 1611. But a paffage in the firft letter of Ga¬ 

lileo’s works, pa. 1 r. gives a more precife term to this 
difeovery. Galileo there fays in plain terms, that he 

had obferved the fpots in the fun 18 months before. 
The date of this letter is May 24. 1612; which brings 
the true epoch of this difeovery to the month of Novem¬ 
ber 1610. However, Galileo’s firft produced obferva¬ 

tions are only from June 2. 1612, and tbofe of father 
Scheiner of the month of O&ober in the fame year. 

But now it appears from Harriot’s manuferipts, that 

hrs firft obfervations of thefe fpots are of Dec. 8. 1610. 
It is not likely that Harriot could have this notice 
from Galileo, for I do not find this mathematician’s 
name ever quoted in Harriot’s papers: But I find him 
quoting book i. chap. 2. of Jofepb a Cofta’s Natural 
and Moral Hi/lory of the Wejl Indies ; in which he re¬ 

lates, that in Peru there are fpots to be feen in the fun 
which are not feen in Europe : and hence it is pro¬ 
bable, that Harriot took the hint of looking for fuch 
fpots. Befides, it is not unlikely, that living with fo 
munificent a patron, Harriot got from Holland the new 
invented telefcopes much fooner than they could reach 
Galileo, who at that time lived at Venice. Harriot’s 
very careful and exa& obfervations of thefe fpots, fhew 
alfo that he was in pofieffion of the beft and moft im¬ 
proved telefcopes of that time ; for it appears he had 
feme with magnifying powers of 10, 20, and 30 times. 

At leaft there are no earlier obfervations of the folar 
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fpots extant than bis; they run from December 8. Harriot. 

1610, till January 18. 1613. 1 compared the corre-u—v~-— 
fponding ones with thefe obferved by Galileo, between 

which I found an exa& agreement. Had Harriot had 
any notion about Galileo’s dilcoveries, he certainly 

would have alfo known fomething about the phafes of 
Venus and Mercury, and efpecially ab»ut the fingular 
fhape of Saturn, firft difeovered by Galileo ; but I find 
not a word in all his papers concerning the particular 

figure of that planet. v 
“ I found likewife (continues Dr Zach) among the 

papers of Harriot a large fet of obfervations on the fa- 
tellites of Jupiter, with drawings of them, their poli- 
tions, and calculations of their revolutions and period*. 
His firft obfervation of thofe difeovered fatellites, I find 

to be of January 16. 1610; and they go till February 

26. 1612. Galileo pretends to have difeovered them 
January 7. 1610; to that it is not improbable that 
Harriot was likewife the firft difeoverer of thefe attend¬ 

ants of Jupiter. 
“ Among his other obfervations of the moon, of e- 

clipfes, of the planet Mars, of folftfces, of refra&ion, of 
the declination of the needle, &c. there are remarkable 
ones of the comet of 1607, and the latter comet (for 

there were two) of 1618. They were all obferved 
with a crofs-ftaff, by meafuring their diftances from 
fixed ftars ; whence thefe obfervations are the more va¬ 

luable, as comets bad before been but grofsly obferved. 
Kepler himfelf obferved the comet of 1607 only with 
the naked eye, pointing out its place by a coarfe efti- 
mation, without the aid of an inftrument ; and the ele¬ 
ments of their orbits could, in defeft of better obferva¬ 
tions, be only calculated by them. The obfervations of 
the comet of the year 1607 are of the more importance, 
even now for modern aftronomy, as this is the fame 
comet that fulfilled Dr Halley’s prediction of its return 

in the year 1759. That prediction was only grounded 
upon the elements afforded him by thefe coarfe obferva¬ 

tions ; for which reafon he only affigned the term of its 
return to the fpace of a year. The very intricate cal¬ 
culations of the perturbations of this comet, afterwards 
made by M. Clairaut, reduced the limits to a month’s 
fpace. But a greater light may now be thrown upon 
this matter by the more accurate obfervations on this* 
comet by Mr Harriot. In the month of October 
1785, when I converfed upon the fubjeCl of Harriot’s 
papers, and efpecially on this comet, with the celebra¬ 
ted mathematician M. de la Grange, dire&or of the 

Royal Academy of Sciences at Berlin, he then fuggeli- 
ed to me an idea, which, if brought into execution, will 

clear up an important point in aftronomy. It is well 
known to aftronomers how difficult a matter it is to de¬ 

termine the mafs, or quantity of matter, in the planet 
Saturn ; and how little fatisfa&ory the notions of it are 

that have hitherto been formed. The whole theory of 
the perturbations of comets depending upon this uncer¬ 
tain datum, feveral attempts and trials have been made 
towards a more exad determination of it by the moil 

eminent geometricians of this age, and particularly by 
la Grange himfelf; but never having been fatisfied with 
the few aud uncertain data heretofore obtained for the 

refolution of this problem, he thought that Harriot’s 
obfervations on the comet of 1607, and the modern 
ones of the fame comet in 1759, would iuggeft a way 
of refolving the problem a pojleriori; that of determining 
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Hf^fV by them the elements of Its ellipfis. me retardation 

ot the comet, compared to its period, may clearly be 

aid to the account of the attraftion and perturbation it 
has differed in the region of Jupiter and Saturn ; and 
as the part of it belonging to Jupiter is very well known, 

the remainder mult be the fliare which is dne to Saturn • 

whence the mafs of the latter may be inferred. In 

s 

uic icuter may oe interred. In 
conference of this confideration, I have already begun 

to reduce moil of Harriot’s obfervations of this comet, 
in order to calculate by them the true elements of its 
orb.t on an elliptical hypothefis, to complete M. de la 
Lrrange s idea upon this matter. 

I forbear to mention here any more of Harriot’ 
analytical papers, which I found in a very great num¬ 

ber. ^ 1 hey contain fevcral elegant folutions of qua- 

dratic, culnc, and biquadratic equations; with fome 

otiier loluuons and loca geometric a, that foew his eminent 
qualifications, and will ferve to vindicate them againfl 
the attacks or feveral French writers, who refufe him 
the ju dice due to his (lull and accompli foments, merely to 

lave Des Cartes’s honour, who yet, by fome impartial 

menot his own nation, was accufed of public plao-iarifm ” 

HAS8ELQUIST (Frederick) ?was born in the 
piownce of Ealt Gothland in m2, and fludied medi¬ 
cine and botany m the univerfity of Upfal. Linnaus 

had in his ledures reprefented the extraordinary merits 
and great celebrity which a young ftudent might ob< 
tain by travelling- throuo-h :_• • 
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The retardation of the fandy deferts of Arabia had affefted his lungs- 

he reached Smyrna in a date of illnefs, in which he 
languidied for fome time, and died February n. I7r2 
in the 3c'th year of his age. 

The fruits of his travels were, however, preferved 
through the liberality of a great princefs. He had been 

obliged to contrail debts. The Turks, therefore, feized 

upon all his c ollettions, and threatened to expofe them 
to public fale. The Swedifh conful prevented it. He 
fent, with the intelligence of the unhappy exit of hi* 

countryman, an account of the diftreffes under which he 

?ed.’-a'ldat the rePr'*ntation of Dean Baeck, Queen 
Louifa Ulrica granted the fum of 14,000 dollars m cop¬ 
per fpecie to redeem all his collections. They arrived af¬ 
terwards in good prefervation at Stockholm ; confiding 

of a great quantity of antiques, Arabian manuferipts, 
(hells, birds, ferpents, in lefts, See. and were kept in the 

cabinets at Ulrichfdale and Drottningholm Thefpeci 
mens of the natural curiofities of thefe mufeums being* 
double or treble in number, Linnams obtained fome of 

them, and pubhfhed the voyage of his ill-fated friend, 
and honoured lus memory with a plant which he called 

fro™ kla name Hajfelquifita. Hasselquista, Encycl. 
HAT-riaking is a mechanical procefs, which is de- 

tailed 111 the Encyclopedia from the bed information 
that could then be obtained. We have lately learned 

however, that our detail is fometimes defeftive, and tain by travelling through Palefliue Ti^bVTfi'1' " * l10we!er’ that our detad 13 fometimes defeftive, and 
into and defcribL the n ural h orvof tW 4 ZcT^ and it is our duty to fupply thofe 

which was till then unknown,^ and had^become of the ’ -c! to correct thofe errors. But, flrangcrs as 
greated importance to interpret the bible and to nn We,are l° Hiunefs of hat-making, we diould not 
derfland eaftern philology. HafTelquift was'fired with hj*vc fufpcded, that we had been mifled by the 

ambition to acco.nplilh an objeft (bimpoTtant n itMf f CO"Ml2 had been informed 
and fo warmly recommended by his beloved mS f7 'T* .,,,td,I,«ent Pterin Nicholfon’s Philofopliical 
There being no fund arifing from the HberaUty of th^ XT' of the manufafturing of hats, 

crown, private colleftions were maL wh ch pour d n truth W* E!‘c{d°Pf'a> U far from the 
very copioufly, efpecially from the native countrv of 21 1 22 '°" mduced US to Iook ‘''rough 
the young traveller All the faculnVc: r»ffK • ^r J urnal itfelf for a more accurate account of ti e 
nf TT«f-» “ir- A1 -o:“lea ofthe un,verf,ty procefs; well convinced, that the liberal-minded author 

ot that work would not havr* nrhinf-A -n i 

j o —" • • + Aii lul latun 
of Upfal alfo granted him a dipend. 

Thus protefted, he commenced his journey in the 
fummer of 1749- By tlle interference of Lagerdroem, 
he had a free palTage to Smyrna in one of the Swedifh 

Tad Indiamen. He arrived there at the conclufion of 

2S, reflved in.the moll friendly manner 
y Mr A. Rydel, the Swedidi conful. In the begin- 

Illn® ? 175° he let out for Egypt, and remained nine 
months at Cairo the capital. Hence he fent to Lin- 
r.teus, and to the learned focieties of his country, fome 

fpeemens of his refearches. They were publifhed in 
the public papers, and met with the greated approba¬ 
tion ; and upon the propofltion of Dcan Baeck and Dr 

Wargentin, fecretary of the Royal Academy of Scien¬ 
ces, a colleftion of upwards of jo.ooo dollars in copper 
monev was mndp fnr - r , _ 

r f j , T — ‘ »ic iiDerai-minded author 
ot that work would not have pointed out our midakes 

without making us welcome to avail ourfelves of his 
aid to correft them. Our readers will therefore be in¬ 

debted only to Mr Nicuolfon and his correfpondent for 
whatever milruftion they may derive from this article • 
and as we wilh not to deck ourfelves in borrowed’ 

plumes, we (hall communicate that indruftion in the 
words or its author. 

Having vifited the manufaftory of Mcffrs Collinfons 
hatters in Gravel-lane, Southwark, Mr Nicholfon gives 
the following account of their procedure : 

‘‘ 1 lie materials tor making hats are rabbits fur cut 
off from the (km, after the hairs have been plucked out, 
together with wool asd beaver. The two former are 

mixed m various proportions, and of different qualities money was made for the continuance of the travehfof Vano,m P''°Porik)lls> a"d of different qualities 

young Haffelquift. Counfellors Lagerftroem and No/ n l^ fu i u 2^intendcd t0 mad« 
dencrantz were the mod aftive in rfifine- fubfrnW * r att,e* ?Ur autllor believes to be um'verfally ufet 

at Stockholm and Gothenbur/lK n^he fnnC of - T£ v a"d never for the body 01 

'75'. he repaired to his dedinatL, and paffedthnfu/h Z > 2c ^2’ that thtfe '-'erial 
TafFa to Terufolpm. TenVU t_j.. R. . cannot be evenly, and well felted together, unlefs all th( 

fibres be firfl fenarpited O V V\ 11inf f /■» f*1*1 • • 

j r? 1- ^ mo u\.iuudLR 

Jaffa to Jerusalem, Jericho, &c. He returned" aft?r- 

7T2 uhrp “f1 Rholus and Sc,’° to Smyrna. Thus he 
fulfilled all the expeditions of his country, but he was 
not to reap tke reward of his toils. The burning heat 

Suppl. Vol. I. Part II. S 

fik, u c i c ” T, “ tog«ner, unlels all the 
fibres be fird feparated, or put into the fame date with 

regard to each other. This is the objeft of the firft 
procefs, called bowing. The material, without any pre¬ 

vious preparation (a), is laid upon a platform of wood, 

4 Z or —-- r o; 

(A) Some writers mention a partial wetting of the fur while on the fofo k r u i r 
...» of of mercury to gi„ i, a curl. Mefc C.Uiufou, *, „« „rt it,' „b’ 

Hat. ' 
—y—< hi n»l 
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Hat. or of wire, fomewbat more than four feet fquare, called 

' a hurdle, which is fixed againfl the wall of the work- 
fhop, and is enlightened by a fmall window, and fepa-' 

rated by two fide partitions from other hurdles which 

occupy the reft of the fpace along the wall. The hurdle, 
if of wood, is made of deal planks, not quite three 

inches wide, difpofed parallel to the wall, and at the 
diftanee of one-fortieth or one-fiftieth of an inch from 
each other, for the purpofe of fullering the duft, and 

other impurities of tlie fluff, to pafs through ; a pur¬ 
pofe Hill more effeaually anfwered by the hurdle of 

wire. 
a The workman is provided with a bow, a bow-pin, a 

bafket, and feveral cloths. The bow is a pole of yellow 
deal wood, between feven and eight feet long, to which 
are fixed two bridges, fomewhat like that which re¬ 

ceives the hair in the bow of the violin (h). Over 
thefe is ftretched a catgut, about one-twelfth part of an 
inch in thickneis. The bow pin is a ftick with a knob, 

and is ufed for plucking the bow-firing. The bafket is 
a fquare piece of ozier work, confuting of open ftrait 

bars with no crofting or interweaving. Its length acrofs 

the bars nmy be about two feet, and its breadth eigh¬ 
teen inches. The fides into which the bars are fixed 
are nightly bended into a circular curve, fo that the 

bafket may be fet upright on one of thefe edges near 
the right hand end of the hurdle, where it ufually 

ftandsf The cloths are linen. Befides thefe implements, 

the workman is alfo provided with brown paper. 
“ The bowing commences by {hovelling the material 

towards the right hand partition with the bafket ; upon 
which, the workman holding the bow horizontally in 

bis left hand, and the bow-pin in his right, lightly 

places the bow-ftring, and gives it a pluck with the pin. 
The firing, in its return, (hikes part of the fur, .and 

carifes it to rife, and fly partly acrofs the hurdle in a 
light open form. By repeated ftrokes, the whole is thus 

fubje&ed to the bow ; and this beating is repeated till 

all the original clots or mafles of the filaments are per¬ 
fectly opened and obliterated. The quantity thus treat¬ 

ed at once is called a batt, and never exceeds half the 

quantity required to make one hat. 

“ When the batt is fufticiently bowed, it is ready for 

hardening ; which term denotes the firft commencement 

of felting. The prepared material being evenly difpo¬ 

fed on the hurdle, is firft preffed down by the convex 
fide of the bafket, then covered with a cloth, and prefled 
fucceffively in its various parts by the hands of the 
workman. The preffure is gentle, and the hands are' 

very (lightly moved back and forwards at the fame time 
through a fpace of perhaps a quarter of an inch, to fa¬ 

vour the hardening or entangling of the fibres (See 

Felting in this Suppl.) In a very lhort time, indeed, 
the fluff acquires fufticient firmnefs to bear careful 
handling. The cloth is then taken off, and a fheet of 
paper, with its corners doubled in, fo as to give it a tri¬ 

angular outline, is laid upon the batt, which laft is fold¬ 

ed over the paper as it lies, and its edges, meeting one 
over the other, form a conical cap. The joining is foon 
made good by preffure with the hands on the cloth. 

Another batt, ready hardened, is in the next place laid 

on the hurdle, and the cap here mentioned placed Upon 
it, with the joining downwards. This laft batt being 
alfo folded up, will confequently have its place of junction 

diametrically oppofite to that of the inner felt, which it 
nuift therefore greatly tend to ftrengtlien. The prin¬ 
cipal part of the hat is thus put. together, and now.re¬ 

quires to be worked with the hands a confiderable time 
upon the hurdle, the cloth being alfo occafionally fprink- 

led with clear water. During the whole of this ope¬ 
ration, which is called bafoning (c), the article becomes 

firmer and firmer, and contra&s in its dimenfions. It 

may eafily be underftood, that the chief ufe of the pa¬ 

per is to prevent the fides from felting together. 
<t The bafoning is followed by a (till more effe&ual 

continuation of the felting, called working (d). This is 

done in another fhop, at an apparatus called a battery, 

confiding of a kettle (containing water (lightly acidula¬ 

ted with fulphuric acid, to which, for beaver hats, a 

quantity of the grounds of beer is added, or elfe plain 

water for rinfiug out), and eight planks of wood joined 
together in the form of a fruftum of a ^pyramid, and 

meeting in the kettle at the middle. I he outer or 
upper edge of each plank is about two feet broad, and 

Hat. 

(b) Mr NicholfonVcorrefpondent, who is himfelf a hatter, fays that the bow is heft made of afh } that 

compofed ofthe/W or handle ; that the bridge at the fmaller end, or that which 1. neareft the window in he 

aft of bowing, is called the cock ; and that the other bridge, which is nearer to the workman s hand, is called the 

iree(c\ Mr Nicholfon’s (Wefporident fays, that after bowing, and previous to the bafoning, a hardening Jkttty 

that is, a large piece of fkin, about four feet long and three feet broad, of leather burned or half taniied, .s pre Jed 

upon the bat, to bring it by an eafier gradation to a compaft appearance ; after which it is bafoned, being ft.ll 
kept upon the hurdle5 This operation, the bafoning, derives its name from the procefs or mode of working, 

being the fame as that praftifed upon a wool hat after bowing ; the laft being done upon a piece of call metal, 

fourgfeet acrofs, of-a circular Ihape, called a bafon : the joining of each batt is made good here by (huffling the 
hand, that is, by rubbing the edge of each batt folded over the other to excite the progreffive motion of each o 
the filaments in felting, and to join the two together. Many journeymen, to hurry this w-ork, ufe a quantity of 

vitriol (fulphuric acid), and then, to make the naP rife and flow, they kill the vitriol, and open the body^agam 
by throwing in a handful or two of oatmeal ; by this means they get a great many made, though, at thelame 

time, they leave them quite grainy from the want of labour. 1 his, in handling ti e ry giey a w 9 
may be in part difcovered ; but in part only. , r ,. . uw 

(p) The intelligent writer who has been fo often quoted, fays, that before this operation is begun, the hat .S 

dipped into the boiling kettle, and allowed to lie upon the plank until cold again ; tins is called foahng, that ,, 
being perfectly faturated with the hot licpior : if they are put in too haftily m this ftate, for.tlieythen only 

bowed and bafoned, they would burft from the edges,, each batt not being fufficiently felted into the other. 
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Hat. rife3 a little*more than two feet and a half above the 

ground ; and the Hope towards the kettle is confider- 
ably rapid, fo that the whole battery is little more than 

fix feet in diameter. The quantity of fulphuric acid 
added to the liquor is not fufficient to give a four tafte, 

but only renders it rough to the tongue. In this li¬ 
quor, heated rather higher than unpractifed hands could 

bear, the article is dipped from time to time, and then 
worked on the planks with a roller, and alfo by folding 
or rolling it up, and opening it again ; in all which, a 

certain degree of care is at firft ueceffary, to prevent 
the fides from felting together ; of which, in the more 

advanced ftages of the operation, there is no danger. 

The imperfe&ions of the work now prefent themfelves 
to the eye of the workman, who picks nut knots and 

other hard fub{lances with a bodkin, and adds more felt 
upon all fuch parts as require ftrengthening. This 
added felt is patted down with a wet bruih, and foon 

incorporates with the reft. The beaver is laid on to¬ 
wards the conclufion of this kind of working. Mr 

Nicholfon could not diftiii&ly learn why the beer 

grounds were ufed with beaver-hats. Some workmen 
faid, that by rendering the liquor more tenacious, the 
bat was enabled to hold a greater quantity of it for a 
longer time; but others faid, that the mere acid and 

water would not adhere to the beaver facing, but would 
roll off immediately when the article was laid on the 

plank. It is probable, as he obferves, that the manu- 
fa&nrers who now follow the eftabliftied pra&ice, may 

not have tried what are the inconveniences this addition 
is calculated to remove.” 

Our author’s correfpondent, however, afligns feveral 
reafons for the addition of thofe dregs, which, he fays, 
ought to be thick, and the foureft that can be got! 

T. Vitriol (fulphuric acid) would harden the hat too 
much, which is kept mellow by the dregs. 2. The 
dregs are faid by the workmen to hold or till the body, 

whilft a little vitriol cleanfes it of the dirt, See. that 
may be on the rabbit or other wools. 3. Another ad¬ 
vantage attending the ufe of dregs, whether of beer, 
porter, or wine, is, that as the boiling of the dyeing 

does not draw out much of the mucilage from cnch hat 
when it comes to be ftiffened, the dregs form a body 
within the hat, fufficiently ftrong or retentive to keep 
the glue from coming through amongft the nap. 4. 

Vitriol (fulphuric acid) alone purges or weakens the 
goods too much ; eonfequently half of the quantity 
does better with the addition of dregs, as it allows the 
body to be made clofer by more work. 

Of thefe four reafons for the ufe of dregs, the laft 

alone appears to us perfpicuous or at all fatisfadtory. 
But be this as it may, acid of l'ome kind gives a rough- 
nefs to the furface of the hair, which facilitates the me¬ 

chanical adtion of felting; and Mr Collinfon informed 
Mr Nicholfon, that in a procefs, called carol ting, they 
make ufe of nitrous acid. In this operation, the ma¬ 
terial is put into a mixture of the nitrous and fulphuric 

acids in water, and kept in the digefting heat of a ilove 

all night ; by which means the hair acquires a ruddy 
or yellow colour, and lofes part of its ftrength. 

“ It muft be remembered, that our hat ftill pofiefles 
the form of a cone, and that the whole of the feveral 

actions it has undergone have only converted it into a 
foft flexible felt, capable of being extended, though with 

foine difficulty, in every diredtion. The next thing to 
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be done is to give it the form required by the wearer. 

I*or this purpofe, the workman turns up the edge or 
rim to the dipth of about an inch and a half, and then 

returns the point back again through the centre or axis 
of the cap, fo far as not to take out this fold, but to 

produce another inner fold of the fame depth. The 
point being returned buck again in the fame manner,' 

produces a third fold ; and thus the workman procteds, 

until the whole has acquired the appearance of a flat 
circular piece, confiftmg of a number of concentric un¬ 
dulations or folds, with the point in the centre. This 
is laid upon the plank, where the workman, keeping 

the piece wet with the liquor, pulls out the point with 
his fingers, and prdfes it down with his hand, at the 

fame time turning it round on its centre in conladt with 
the plank, till he has, by this means, rubbed out a flat 
portion equal to the intended crown of the hat. la 
the next place, he takes a block, to the crown of which 
he applies the flat central portion of the felt, and by 

forcing a ftriug down the fides of the block, he caufes 
the next part to a flu me the figure of the crown, which 

he continues to wet and work, until it has properly dff- 

pofed itfelf round the block. 1 he rim now appears 
like a flounced or puckered appendage round the edge 
of the crown ; but the block being let upright on the 

plank, the requiiite figure is loon given by working, 

rubbing, and extending this part. Water only is ufed 
in this operation of fafliioning or blocking ; at the con¬ 

clufion of which it is preflfed out by the blunt edge of 
a copper implement for that purpofe. 

Pi evious to the dyeing, the nap of the hat is railed 
or loofened out with a wire brufli, or carding iuftru- 
ment. . The fibres are too rotten after the dyeing to 

beat this operation. The dyeing materials are logwood, 
and a mixture of the fulphates of iron and of copper, 

known in the market by the names of green copperas 
and blue vitriol. Ap the time of Mr Collinfon was limit¬ 
ed, and my attention, fays Mr Nicholfon, was more par¬ 

ticularly diredted to the mechanical procefles, I did not 
go into the dyc-houfe ; but I have no doubt that the 
hats are boiled with the logwood, and afterwards im- 
merfed in the falfne folution. I particularly afked whe¬ 

ther galls were ufed, and was aiifwered in the negative. 

'* The dyed hats are, in the next place, take-, to the 
flattening (hop. One workmanJ affifted by a boy, does 

this part of the bufiuefs. He has two veffels, or boil¬ 
ers, the one containing the grounds of ftrong beer, 

which cofts feven fhillmgs per barrel, and the other vef- 
fel containing melted glue, a little thinner than it is 

ufed by carpenters. Our author particularly afked, 
whether tins laft folution contained any other ingre¬ 

dient befides glue, and v/as aflured that it did not. The 

beer grounds are applied in the in fide of the crown to 
prevent the glue from coming through to the face, and 

alio, as he fuppofes, to give the requiiite firmnefs at a 
leis expenee than could be produced by glue alone. If 

the glue were to pafs through the hat in different places, 
it might, he imagines, be more difficult to produce an 

Hat 

even glofs upon the face in the fubfequent finifhiW. 
The glue ftiffening is applied after the beer grounds 

are dried, and then only upon the lower face of the 
flap, and the infide of the crown. For this purpofe 
the nat is put into another hat, called a ftiffening hat, 

the crown of which is notched, or flit open in various 

x directions. Hide are then placed in a hole in a deal 

4Z2 board, 
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Hat. board, which fupports the flap, and the glue is applied 

with a brufh. 
“ The dry hat, after this operation, is very rigid, and 

its figure irregular. The lad drefliug is given by the 

application of moidure and heat, and the ufc of the 
bruih and a hot iron, fomewhat in the fhape of that ufed 

by tailors, but Alerter and broader on the face. The 
hat being foftened by expofure to fleam, is drawn upon 

a block, to which it is fecurely applied by the former 

method of forcing a firing down from the crown to 
the commencement of the rim. The judgment of the 
workman is employed in moifltning, brufhing, and iron¬ 
ing the hat, in order to give and preferve the proper 

figure. When the rim of the hat is net intended to 

be of an equal width throughout, it is cut by means of 
a wooden, or perhaps metallic pattern ; but as no fuch 

hats are now in faftiion, Mr Nicholfon faw only the 
tool for cutting them round. The contrivance is very 

ingenious and fimple. A number of notches are made 
in one edge of a flat piece of wood for the purpofe of 
inferting the point of a knife, and from one fide or 

edge of this piece of wood there proceeds a ftraight 
handle, which lies parallel to the notched fide, forming 

an angle fomewhat like that of a carpenter's fquare. 
When the legs of this angle are applied to the uutfide 

of the crow’u, and the board lies flat on the rim of the 
hat, the notched edge will lie nearly in the direction of 

the radius, or line pointing to the centre of the hat. 
A knife being therefore iuferted in one of the notches, 

it is eafy to draw it round by leaning the tool againfl 
the crown, and it will cut the border very regular and 
true. This cut is made before the hat is quite finifhed, 
and is not carried entirely through ; fo that one of the 
lafl operations con fills in tearing ofF the redundant 

part, which by that means leaves an edging of beaver 
round the external face of the flap. When the hat is 

completely finifhed, the crown is tied up in gauze pa¬ 

per, which is neatly ironed down. It is then ready for 

the fubfequent operations of lining,” &c. 
Our author concludes his valuable memoir on the 

fabrication of hats, with fome obfervations on the pro¬ 

bable gain or lofs of employing machinery in the ma- 
nufa&ure. Thefe obfervatiops, as they are flated in 
the original paper, we recommend to the ferious atten¬ 
tion of every judicious hat-maker, who carries on his 

bufinefs on a large fcale ; for he will find them not the 
reveries of a rafh fpeculatifl, but the cool reflections of 
a real philofopher, who is at the fame time no ftranger 

to the arts of life. They fugged the following fubjeCts 
of inquiry : Whether carding, which is rapidly and me¬ 
chanically done, be inferior to bowing, which does not 

promife much facility for mechanical operation ? Whe¬ 
ther a fuccefiion of batts or cardings might be thrown 
round a fluted cone, which rapidly revolving, in con¬ 

tact with three or more cylinders, might perform the 
hardening, and even the working, with much more 
precifiou and fpeed than they are now done by hand ? 
Whether blocking or fhaping be not an operation ex¬ 
tremely well calculated for the operation of one or more 
machines ? Whether loofe weaving and fubfequent felt¬ 
ing might not produce a lighter, cheaper, and ilronger 
article ? And how far the mechanical felting, which is 

not confined merely to the hairs of animals, might be 
applied to this art ? 

Before we difmifs this fubjeCl, it may be worth while 

to date Mr Dunnage’s method of making water pro of Hat. 
hats, in imitation of beaver, for which, in November 
1794, he obtained a patent. It is as follows : Let a 
fhag be woven, of fuch count in the reed, and cut over 

fuch fized wire, as will give the hats to be manufactu¬ 

red from it that degree of richnefs, or appearance of 
fur, which may be thought neceflary. The materials 
of which this fhag may be compofed are various, and 

fhould be accommodated to different kinds of hats, ac¬ 
cording to the degree of beauty and durability to be 
given them, and the price at which they are dtfigned 
to be fold ; that is to fay, filk, mohair, or any other 
hair that is capable of being fpun into an end fine e- 

nougli for the purpofe, cotton, inkle, wool, or a mix¬ 

ture of any, or all the above materials, as may fuit the 
different purpofes of the manufa&urer. Thofe anfvver 
bed (fays our author), which are made with two 

poles, either of Bergam, Piedmont, or Organzine filk, 
rifing alternately, in a reed of about nine hundred count 

to eighteen inches wide, with three lhoots over each 
wire. This method of weaving didributes the filk 

(as it may be put firngle into the harnefs), and pre¬ 
vents any ribby appearance which it might have if the 
filk were paded double, and the whole of the pole cut 
over each wire. This may be made either on a two 
or four thread ground of hard filk, finot with fine cot¬ 

ton, which he thinks preferable for flioot, to filk, inkle, 
or any other material, as it forms both a clofe and fine 
texture. An inferior kind of hats may be made from 
any of the before-mentioned materials, and with cheap¬ 
er filk. This fhag fhould be dretched on a frame,, 
fuch as dyers ufe to rack cloth ; then (having previ- 

oufly fet the pile upright with a * comb, to prevent its 
being injured or duck together), go over the ground 

with thin fize, laid on with a foft brufh. For black, 
or dark colours, common fize will do ; with white, or 

any light colour, ufe ifinglafs, or a fize made from white 
kid leather. Thefe, or gum, or any other mucilagi¬ 
nous matter, which, without altering the colour,-will 

prevent oil from getting through the ground fo as to 
injure the pile, will anfwer the purpofe. Take care 
not to apply more of any material, as a preparation, 
than may be fully faturated with oil or varnifh, fo that 

water will not difeharge it from the ground. The 
fize, or other glutinous matter, being dry, the pile 

mud be teefeled, or carded wutli a fine card, till the 
filk is completely taken out of the twift or throwing, 

when it will lofe its coarfe fhaggy look, and affume the 
appearance of a very fine fur. It mud now be once 

more fet upright with a comb, and you may proceed 
to lay on your water-proof material.;, this too may be 
varied according to circumdances. For black, or any 
dark colour, linfeed oil well boiled with the ufual 

driers,’ and thickened with a fmall quantity of any? 
good drying colour, will do ; for white, or very fine 

colours, poppy or nut oil, or copal or other varnilhes, 
rpay be ufed. In this particular the manufacturer mud' 

judge what will bed anfwer his purpofe, taking care 
never to ufe any thing that will dry hard, or be fubjeCt 
to crack. Mr Dunnage has found good drying lin¬ 
feed oil preferable to any other thing which he has, 
ufed, and, with the precaution of laying on very little 

the fird time, it will not injure the fined colours. When 
the fird coat of oil is dry, go over it a fecond and 
a third time, if neccfTary, till you are convinced the 

gores- 



HAT r 711 1 HAW 
Hat. pores of the ground are fully clofed up, and the fluff 
•T—J rendered impervious to water. It fhould now {land 

feveral days, till the fmell is fufficiently gone off; and 
before it is taken from the frame, fhould be gone over 
with fome ox-gail or lime-water, to take off the greafi- 
neis, which would otherwife prevent the fliffening from 
adhering to the oil. The material being now ready to 
be formed into hats, fhould be Cut into proper fhapes 
for that purpofe. The crown fhould be made up over 
a block, with needle and filk, the oiled fide outwards. 
The feam.s fhould then be rubbed with a piece of hard 
Wood, bone, or ivory, to make them lie iiat, and the 
edges ot the fluff pared off very near the flitches, that 
no joint may appear on the right fide. The Teams 
fhould then be carefully gone over with the prepared 
oil, till every crevice or hole made by the needle is 
completely filled up, and the crown rendered perfectly 
water-proof. The crown may then be turned and fliff- 
ened, by flicking linen, leather, paper, or any other 
material that may be found to aufwer the purpofe, to 
the inner or painted fide, till it acquires about the fame 
degree of ftiffnefs, or refiflance to the touch, as a good 
beaver. The mucilaginous matter which he ufed to 
attach the fliffening to the crown, and the upper and 
under parts of the brim to each other, was eompoied 
of one pound of gum-arabic or fenega, one pound of 
llarch, and a half a pound of glue, boiled up with as 
much water as reduced the whole to the confidence of 
a thick pafle. A greater or Iefs proportion of any of 
thefe ingredients may be ufed, and other glutinous and 
adhefive fubflances may anfwer the fame purpofes ; or 
drying-oils may be made ufe of, inflead of this or other 
mucilage ; or any of the rennous gums diffolved in 
oil or fpfrits ; only it fhould be cbferved, in this cafe, 
the hats will require more time in the preparation, as 
the oily matter, unlefs expofed to the air, will not rea¬ 
dily dry ; but he found by experience that the above 
mentioned compofition does not dry hard or brittle, 
but retains that pleafant flexibility which is agreeable 
to the touch, while it communicates to the other mate¬ 
rials a fufficient degree of elailfeity. Before the brim 
is perfectly dry, care fhould be taken to form a neck 
or rifiug round the hole where it is to be attached to 
the crown, by notching it round with a pair of feif- 
lars, and then forcing it over a block fomething larger 
than you have made the hole, fo that the uncut fluff 
may turn up, under the lower edge of the crown, about 
a quarter of an inch. Before you join the crown and 
brim together, go over the ontfide of the neck of the 
brim, and the infide of the crown, as high.as the neck 
will come (which fhould be about half an inch), with 
the prepared oil ; and when they are nearly dry, fo as 
to adhere to the finger on touching them, put the crown 
over the neck of the brim, and let them be fewed 
flrongly together, taking care to few down as little of 
the pile as poffible, and ufmg the fame precaution of 
oiling, where the needle has been through, as was ob- 
ferved in making up the crown. The hat is now rea¬ 
dy for drefling ; which operation may be performed 
over a block, with a hot iron, brufli, &c. in the fame 
manner as tliofe commonly called felts. When putting 
in the lining, be very careful to let the needle only take 
hold of the under furface of the brim ; for fhould it 
perforate the upper one, the water will find its way 
through, and the hat be of no value. Though w* 

have already declared how little we are acquainted with Hawkins, 
the operation of hat-making, we cannot help fnggefling 
the inquiry, whether thefe water-proof hats might not 
be improved both in flrength and beauty, by a flight 
felting before the application of the lize by the brufh. 
Such of them as are compofed of wool or hair, or con* 
tain a mixture of thefe materials, are unqueftionably 
fufceptible of felting. 

HAWKINS (Sir John), was the youngefl fon of a 
man who, though defeended from Sir John Hawkins 
the memorable admiral and treafurer of the navy in the 
reign of Queen Elizabeth, followed at firft the occupa¬ 
tion of a houfe-carpenter, which he afterwards exchan¬ 
ged for the profeffion of a furveyor and builder. He was 
born in the city of London on the 30th day of March 
1719 ; and after having been fent firft to one fchool, 
and afterwards to a fecond, wfhere he acquired a toler¬ 
able knowledge of Latin, lie went through a regular 
courfe of. architecture and perfpe&ive, in order to fit 
him for his father’s profeffion of a furveyor. He was, 
however, perfuaded, by a near relation, to abandon the 
profeffion of his firft choice, and to embrace that of the 
law ; and was accordingly articled to Mr John Scott an 
attorney and folicitor in great practice. In this litua- 
tion his time was too fully employed in the actual dif- 
patch cf bulinefs to permit him, without fome extra¬ 
ordinary means, to acquire the neceffary knowledge of 
his profeffion by reading and ftudy ; befidcs that, his 
mailer is faid to have been more anxious to render him 
a good copying clerk, by fcrupulous attention to his 
hand-writing, than to qualify him by inftrudlion to con¬ 
duct bufinefs. To remedy this inconvenience, therefore, 
he abridged himfelf of his reft, and rifing at four in the 
morning, found opportunity of reading all the needfuy 
and moft eminent law' writers, and the works of our 
molt celebrated authors on the fubje&s of verfe and 
profe. . By thefe means, before the expiration of his* 
clerkfhip, he.had rendered himfelf a very able lawyer, 
and had acquired a love for literature in general, but 
particularly for poetry and the polite arts ; and the bet¬ 
ter to facilitate his improvement, he occafionally fur- 
nifhed to the Univerfal Spectator, the Weftminftei Jour¬ 
nal, the Gentleman’s Magazine, and other periodical 
publications of the time, eifays and difqiiifitions on fe- 
veial fubjeCls. The firft or thefe is believed to have 
been an Efi'uy on Swearing ; but the exad time of its. 
appearance, and the paper in which it was inferted, are 
both unknown. It was, however, re-publifhed fome 
years before his death (without his knowledge till he 
law it in print) in one of the newfpapers. His next 
production was an Effay on Honejly, inferted in the 
Gentleman’s Magazine for March 1739 ; and which oc- 
cahoned a controverfy, continued through the Maga¬ 
zines for feveral fucceeding months, between him and 
a Mr Calamy, a defendant of the celebrated Dr Ed¬ 
mund Calamy, then a fellow-clerk with him. 

About the year 1741, a club having been inftituted 
by feveral amateurs of mufic, under the name of the 
Madrigal Society, to meet every Wednefday evening 
and his clerkfhip being now out, he became a member 
of it, , and continued fo many years. Purfuing his in¬ 
clination for mufic ftill farther, he became alfo a member 
of the Academy of Ancient Mufic, which ufed to meet 
every Thurfday evening at the Crown and Anchor in 
the Strand, but fince removed -to Freemafons Hall; 

andi 
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;H aw kins. and 0‘f this he continued a member till u few years be- 

fore its removal. 
Impelled by his own tafte for poetry, and excited to 

it by his friend Fofter Webb's example, who had con¬ 
tributed to the Gentleman's Magazine many very ele¬ 

gant poetical compofitions, he had, before this time, 
himfelf become an occafional contributor in the lame 

kind, as well to that as to fome other publications. 

'The earlieft of his productions of this fpecies, now 
known, is fuppofed to be a copy of verles “ To Mr 

George Stanley, occafioned by looking over fome Com¬ 

pofitions of his lately published,” which bears date 19th 

February 1 740, and was inferted in the Daily Adverti- 

fer for February 21. 1741 ; but, about the year 1742, 
he propofed to Mr Stanley the project of publifhing, in 

conjun&ion with him, fix cantatas for a voice and in 

firuments, the words to be furnilhed by himfelf, and the 
inufic by Mr Stanley. The propofal was accepted, the 
publication was to be at their joint expence, and for 

their mutual benefit; and accordingly, in 1742, fix 

cantatas were thus publifhed, the five firlt written by 
Mr Hawkins, the lixth and laft by Fuller Webb ; and 

thefe having fucceeded beypnd the moll fanguine ex¬ 
pectations of their authors, a fecond fet of fix more, 

written wholly by himfelf, was in like manner puhliih- 

cd a few months after, and fucceeded equally well. 
As thefe compofitions, by being frequently perform¬ 

ed at Vauxhall, Rauelagh, and other public places, and 

at many private concerts, had become favourite enter¬ 

tainments, many perfons, finding the author alfo a mo- 
delt well-informed young man of unexceptionable mo¬ 

rals, were become defirous of his acquaintance. Among 
thefe was Mr Hare of Limehoufe, a brewer, who being 

Timfelf a mufical man, and having met him at Mr Stan¬ 

ley's at mufical parties, gave him an invitation to his 

houfe; and, to forward him in his profefiion, introdu¬ 
ced him to a friend of bis, Peter Storer of Highgate, 

Efq; w'hich proved the means of making his fortune. 

In the winter of the year 1749, Dodlor, then Mr 

Jolinfon, was induced to iwflitute a club to meet every 
Tuefday evening at the King's Head, in Ivy lane, near 

'St Paul's. It confided only of nine perfons; and Mr 
Hawkins was one of the firft members. About this 

time, as it is fuppofed, finding his father's houfe, where 

he had hitherto refided, too fmall for the difpatch of his 

bufiiu fs, now very much increafing, he, in conjunction 

with D; Munckley, a phyfieian with whom he had con¬ 

tracted an intimacy, took a houfe in Clements-lane, 

Lombard-ftreet. The ground-floor was occupied by 
him as an office, amd the firft floor by the DoCtor as 
his apartment. Here he continued till the beginning of 

3753, w^en> on occafion ofhis marriage with Sidney, 
the youngefl of Mr Storer’s daughters, who brought 

him a confiderable fortune, he took a houfe in Auftin 
Friars, near Broad-ftreet, ftill continuing to follow his 

profelfion of an attorney. 
Having received, on the death of Peter Storer, Efq; 

his wife’s brother, in 1759, avei7 large addition to her 
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fortune, he quitted bufinefs to Mr Clark, afterwards Al* Hawkinr, 

derman Clark, who had a Ihort time before completed 
his clerklhip under him, difpofed of his houfe in Auftiu 

Friars, and ptirchafed a houfe at Twickenham. Soon 

afterwards he bought the leafe of one in Hatton-ftreet, 
Loudon, for a town reiidence. 

From a very early period of his life he had entertain¬ 

ed a ftrong love for the umufement of angling ; and hi* 
affeCtion tor it, together with the vicinity of the river 

Thames, was undoubtedly his motive to a refidence at 

this village. Fie had been long acquainted with Wal¬ 

ton's Complete Angler; and had, by obfervation and 
experience, become himfelf a very able proficient in the 
art. Hearing, about this time, that Mr Moles Browne 

propofed to publifti a new edition of that work, and 

being himfelf in poffefiion of fome material particulars 
refpeCting Walton, he, by letter, made Mr Browne an 

offer of writing, for, his intended edition, Walton's 

Life. To this propofal no anfwer was returned, at 
leaft fqr fome time; from which circumftance Mr Haw¬ 

kins concluded, as any one reafonably would, that his 
■offer was not accepted ; and, therefore, having alio 

learnt that Mr Browne meant not to publifh the text as 
the author left it, but to modernize it, in order to file 

off the ruft, as he called it, he wrote again to tell Mr 
Browne that he underftood his intention was to fophif- 

ticate the text, and that therefore he, Mr Hawkins, 
would himfelf publifh a correct edition. Such an edi¬ 
tion, in 1760, he accordingly publifhed in o&avo with 

notes, adding to it a Life of Walton by himfelf, a Life v 
of Cotton, the author of the fecond part, by the well- 

known Mr Oldys ; and a fet of cuts defigned by Wale, 

and engraved by Hyland. 
His propenfity to mufic, manifefted by his becoming 

a member and frequenter of the feveral mufical focieties 

before mentioned, and alio by a regular concert at his 
houfe in Auftin Friars, had led him, at the time that 

lie was endeavouring to get together a good library of 
books, to be particularly folicitous for colkdiing the 

works of fome of the beft mufical compofers ; and, a- 
mong other acquifitions, it was his fingular good for¬ 
tune to become pofTeffed by purchafe of feveral of the 
moll fcarce and valuable theoretical treatifes on the 

fcience any where extant, which had formerly been 

collecled by Dr Pepufeh. With this flock of erudition, 
therefore, he, about this time, at the inftance of fome 

friends, fet about procuring materials for a work then 

very much wanted, a Hiftory of the Science and Practice 

of Mufic, which lie afterwards publifhed. 
At the recommendation of the well-known Paul 

Whitehead, to the Duke of Newcaftle, then Lord-lieu- 

tenant for Middlefex, his name was, in 1761, inferted 

in the commiffion of the peace for that county ; and 
having, by the proper ftudies, and a fedulous attend¬ 

ance at the fefiions, qualified himfelf for the office, lie 
became an a&ive and ufeful magiftrate in the coun¬ 

ty (a). Obferving, as he had frequent occafion to do 

in the courfe of his duty, the bad ftate of highways, 
and 

(a) When he firft began to a6l, he formed a refolution of taking no fees, not even the legal and authorifed 

ones, and purfued this method for fome time, till he found that it was a temptation to litigation, and that every 
trifling ale-houfe quarrel produced an application for a warrant. To check this, therefore, he altered his mode, 

and received his due fees- but kept them feparateiy in a purfe ; and at the end of every Tummer, before he left 

the country for the winter, delivered the whole amount to the clergyman of the parifh, to be by him diftribute^ 

among fuch of the poor as he judged fit. 
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amending and Moorfitlds in 1769, the magiftrates of Middlefex, and Hawkins, 

he at their head, with a party of guards, attended to 
oppofe them ; but the mob, 011 feeing them prepared, 
thought it prudent to difperfe. In thefe and other in- 
ftances, and particularly in his conduct as chairman, ha- 

.... ving g^en fufficient proof of his atfivity, refolution, a- 
ite of Highways, and on the^ bilities, integrity, and loyalty, he, on the 23d of O&o- 
keeping them in Repairber 1772, received from his majefty the honour of 

- r - knighthood. 

In 1773, Dr Johnfon and Mr Stevens publifhed, irt 
10 vols 8vo, their firft joint edition of Shakefpeare, to 

which Sir John Hawkins contributed fuch notes as arfc 
dillinguidled by his name, as he afterwards did a few more 
on the republication of it in 1778. An addrefs to the 

^ ~ O vi.*auu 

keeping them in repair, he fet himfelf to revife the for¬ 

mer ftatutes, and drew an ad of parliament confolida- 
ting all the former ones, and adding fuch other regula¬ 

tions as were neceffary. His fentiments on this fub- 
jed: he publifhed in odavo, in 1763, under the title of 
4i Obfervations on the State r TT* 1 
Laws for amending and _r_ ... . 9 
fubjoining ,to them the draught of the ad: before men¬ 

tioned ; which bill being afterwards introduced into 
parliament, paffed into a law, and is that under which 

all the highways in England are at this time kept re¬ 

paired. Of this bill, it is but juftice to add, that, in the 

experience of more than thirty years, it has never re¬ 
quired a fmgle amendment. 

Johnfon, and Sir Jofhua, then Mr Reynolds, had, in 

the winter of this year (1763) projeded the eftablifii- 
ment of a club to meet every Monday evening at the 

Turk’s Head, in Gerard-flreet; and, at Johnfon’s folf- 
citation, Mr Hawkins became cne of the firft members. 

An event of confiderable importance engaged him, in 
the year 1764, to Hand ferth as the champion of the 
county of Middlefex, againft a claim then for the firft 

time fet up, and fo enormous in its amount asjuftly to 

excite refinance. The city of London finding it necef- 
fary to rebuild the gaol of Newgate, the expence of 

which, according to their own eftimates, would amount 

to L.40,000, had this year applied to parliament, by a 
bill brought into the Houfe of Commons, in which, on 

a fuggeftion that the county prifoners removed to New¬ 
gate for a few days previous to their trials at the Old 

Bailey, * were as two to one to the London prifoners 
conftantly confined there, they endeavoured to throw 
the burthen of two-thirds of the expence on the county, 

while they therrffdves propofed to contribute one-third 
only. This attempt the magiftrates for Middlefex 
thought it their duty to oppofe ; and accordingly a vi¬ 

gorous oppofition to it was commenced and fupported 
under the condudl of Mr Hawkins, who drew a petition 
again ft the bill, and a cafe of the county, which was 

printed and diftributed amongft the members of both 

houfes of parliament. It was the fubjed of a day’s con- 
Terfation in the Houfe of Lords; and produced fuch 

an effect in the Houfe of Commons, that the city, by 
its own members, moved for leave to withdraw the bill. 
The fuccefs of this oppofition, and the abilities and fpi* 

nt with which it was conduced, naturally attracted to¬ 
wards Mr Hawkins the attention of his fellow-magif- 
trates; and the chairman of the quarter feffions dying 
not long after, he was, on the 19th day of September 
1765, ele&ed his fucceftbr. 

In the year 1771 he quitted Twickenham, and fold 
his houfe there to Mr Vaillant; and in the fummer of 

the next year, for the purpofe of obtaining, by fearches 

in the Bodleian and other libraries, farther materials 
for his liiftory ot muftc, he made a journey to Oxford^ 
carrying with him an engraver from London, to make 
drawings from the portraits in the mufic fchool. 

On occafion of a&ual tumults or expefted difturban- 
ces, he had more than once been called into fervice of 
great perfonal danger. When the riots at Brentford 

had arifen, during the time of the Middlefex eleaion in 

the year 1768, he and fome of his brethren attended to 
fupprefs them ; and, in confequence of an expected rio¬ 

tous affembly of the journeymen Spitalfteld weavers in. 

king from the county of Middlefetf, on occafion of thfe 
American war, having, in 1774, been judged expedient, 
and at his inftance voted, he drew up fuch an addrefs, 
and, together with two of his brethren, had, in the month 
of October in tb&t year, the honour of prefenting it. 

After fixteen years labour, he, in 1776, publifhed, in 
live volumes quarto, his General Hiftory of the Science 
and Pra<5h’ce of Mufic ; which, in confequence of per- 

miftion obtained in 1773, dedicated to the king, and 

prefented it to him at Buckingham Houfe on the 14th 

of November 1776, when he was honoured with an au¬ 

dience of confiderable length both from the king and 
queen. 

Not long after this publication, that is to fay in No¬ 
vember 1777, he was induced, by an attempt to rob his 
houfe, which, though unfuccefsful, was made three dif¬ 
ferent nights with the interval of one or two only be¬ 
tween each attempt, to quit liis houfe in Hatton-ilreet* 
and, after a temporary refidence for a fhort time in St 
James s Place, he took a leafe of one, formerly inhabit 
ted by the famous Admiral Vernon, in the ftreet leading- 
up to Queen Square, Weftminfler, and removed thither.. 

By this removal he became a conftant attendant om 
divine w01 flnp at the panfh-church of St Margaret,. 
Weft mini ft er ; and having learnt, in. December 1778, 

that the furveyor to tho board of ordnance was, in de¬ 

fiance of a provifo in the leafe under which they claim¬ 

ed, carrying up a building at the eaft end of the church,, 

which was likely to obfeure the beautiful painted glafs 
window over the altar there, Sir John Hawkins, with 

the concurrence of fome of the principal, inhabitants, 
wrote to the furveyor, and compelled him to take down 
two feet of the wall, which he had already carried up 
above the fill of the window, and to flope off the roof 

of his building in fuch a manner, as that it is not only 
no injury, but, on the contrary, a defence to the win¬ 
dow,. 

. In the month of December 1783, Dr Johnfon ha¬ 
ving difeovered in himfelf fymptoms of a dropfy, fent. 
for Sir John Hawkins, and telling him the precarious- 
ftate of his health, declared his defire of making a will, 
and requefted him to be one of his executors. Sir John 

accepted the office; inftru&ed the Doftor how to make- 

his willand on his death undertook, to be his biogra¬ 
pher, and the guardian of his fame, by publifhirig a 
complete edition of his works. 

Not three months after the commencement of this- 
undertaking, he met with the fevereft lofs of alnioft any 

that a literary man^ can fuftain, fhort of that of his. 

friends or relations, in the deflru&ion, by fire, of his li- 

Hary ; confiding of a numerous and well-chofen col¬ 

lection* 
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Hawkins, legion of books, ancient and modern, in many langua- 

ges, and on moll fubje&s, which it had been the bufi- 

nefs of above 30 years at intervals to get together. 
Of this lofs, great as it was in pecuniary value, and 
comprifing in books, prints, and drawings, many ar¬ 

ticles that could never be replaced, he was never heard 
in the fmalleft degree to complain ; but having found a 

temporary reception in a large houfe in Orchard-ftrect, 
Weftminfter, he continued there a Ihort time, and then 

took a houfe in the Broad Sandluary, Weftminfter. 
This event, for a ffiort time, put a flop to the pro- 

grefs of his literary purfuits. As foon, however, as he 

could fuffi'ciently collect his thoughts, he recommenced 
his office of biographer of Johnfon ; and completed his 

intention by publifhing, in 1787, the life and works, 

in eleven volumes o&avo, which he dedicated to the 

ring. 
With this produ&ion he terminated his literary la¬ 

bours ; and having for many years been more particu¬ 

larly fedulous in his attention to the duties of religion, 
and accuftomed to fpend all his leifure from other ne- 

ceffary concerns in theological and devotional ftudies, 
he now more clofely addicted himfelf to them, and let 

Fimfelf to prepare for that event, which he faw could 

"be at no great diftance ; and the better to accomplifh 

this end, in the month of May 1788, he, by a will and 
other proper inftruments, made fucli an arrangement of 
his affairs as he meant fliould take place after his deceafe. 

In this manner he fpent his time till about the begin¬ 

ning of May 1789, when, finding his appetite fail him in 

a greater degree than ufual, he had recoifrfe, as lie had 
fometimes had before on the lame occafion, to the wa¬ 
ters of the Iflington Spa. Thefe he drank for a few 

mornings; but on the 14th of that month, while he 
was there, he was, it is fuppofed, feized with a paraly¬ 
tic affe&ion, as, on his returning to the carriage which 

waited for him, his fervants perceived a vifible alteration 

in his face. On his arrival at home, he went to bed, 

but got up a few hours after, intending to receive an old 
friend, ‘from whom he expected a vifit in the evening. 
At dinner, however, his dilbrder returning, he was led 

•up to bed, from which he never rofe, on the 21ft of 
the fame month, about two in the morning, dying of 

an apoplexy. He was interred on the 28th in the 

cloifters of Weftminfter Abbey, in the north walk near 
the eaftern door into the church, under a ftone, con¬ 

taining, by his exprefs injundlions, no more than the ini¬ 
tials of bis name, the date of his death, and his age ; 
leaving behind him a high reputation for abilities and 
integrity, united with the well-earnt character -of an 
active and refolute magiftrate, an affectionate hufhand 

and father, a firm and zealous fiiend, a loyal fubjeCt, 
and a fincere Chriftian. 

Such is the character x)f him in the Biographical 
Dictionary, which we have neither right no inclina¬ 

tion to controvert. With none of bis works are we 
acquainted but his edition of [Vtrfton’s Complete Angler, 
and his Life of Johnfon. The former is a very plea- 
fing book; and in the latter are collected many inte- 
fefting anecdotes of literature and literary men ; but 
they are nat well arranged, and the ftyle of the com¬ 
petition is coarfe and flovenly. Sir John, we doubt 

not, was a man of worth, and his reflexions on the fen- 

tinaental flang of Sterne and others, ffiew that he had 
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fuccefsfully ftudied human nature ; but he certainly was Heit-. 
not a man of general tafte. —11* 

HEAT. See in this Supplement, Chemistry, 

Part 1. chap. v. where we have endeavoured to eftablifh 
the modern do&rine refpeCling Caloric or latent heat* 

In n° 309, &c. of that article, we have given 3n ac¬ 

count of Count Rumford’s ingenious experiments, in- 
ftituted with a view to determine whether or not ca¬ 

loric be a fubftance, and have ftated our reafons for 
difienting from his opinion. It has been fuggefted to 
11s, however, by a friend, to whofc judgment we are 

Inclined to pay great deferen-ce, that it would be pro¬ 
per, in this place, to give the Count’s arguments at 
full length, and in his own words ; and the propriety of 

this is the more apparent, that in the fupplementary 

article Electricity-, we have hinted our own fufpi- 
cions of the non-exiftence of an eledrical fluid. The 

Count then reafons from his experiments in the follow¬ 

ing words: 

“ By meditating on the refnlts of all thefe experi¬ 
ments, we are naturally brought to that great queition 
which has fo often been the fubjed of fpeculation a- 
mong philofopliers, namely, What is h.°at ?—Is there 

any fuch thing as an igneous fluid?—Is there any thing 

that can with propriety be called caloric ? 
“ We have feen that a very confiderable quantity of 

heat may be excited in the fridion of two metallic fur- 
faces, and given off in a con ft ant ftream or flux in all 
diredions, without interruption or intermiffion, and 
without any figns of diminution or exhauftion. 

“ From whence came the heat which was continual¬ 
ly given off in this manner in the foregoing experiments? 

Was it furnifhed by the fmall particles of metal detach¬ 
ed from the larger folid maffes on their being rubbed 

together ? This, as we have already feen, could not pof- 

iibly have been the cafe. 
l£ Was it furnifhed by the air? This could not have 

been the cafe ; for in three of thefe experiments, the 
machinery being kept immerfed in water, the aceefs of 

the air of the atmofpliere was completely prevented. 
“ Was it furnifhed by the water which furrounded 

the machinery ? That this could not have been the cafe 

is evident ; JirJl, becaufe this water was continually re¬ 
ceiving heat from the machinery, and could not at the 

fame time be giving to and receiving 'heat from the lame 

body ; and, fecondly, becaufe there was no chemical de- 
compofition of any part of this water. Had any fuch 

dccompofition taken place (which indeed could not rea- 
fonably have been expelled), one of its compound elaf- 

tic fluids (mod probably inflammable air) mud at the 
fame time have been fet at liberty, and, in making its 
efcape into the atmofpliere, would have been detected ; 

but though I frequently examined the water to fee if 

any air bubbles rofe up through it, and had even made 
preparations for catching them, in order to examine 
them if any fliould appear, I could perceive none ; nor 
was there any fign of dccompofition of any kind what¬ 
ever, or other chemical procefs going on in the water. 

“ Is it poffible the heat could have been fupplied by 
means of the iron bar to the end of which the blunt 
fteel borer was fixed ? or by the fmall neck of gun-me^ 

tal by which the hollow cylinder was united to the 
cannon ? Thefe fuppofitions appear more improbable 

even than either of thefe before mentioned; for heat was 
continually 



Heat, 
Helena. 

H E L 
continually going off or out of the machinery, 

thefe lall paffages, during the whole time the experiment 
lafted. 

4< And, in reafoning on this fubjecfl, we muff not 
forget to confider that mod remarkable circumflance, 
that the fource of the heat generated by fridfcion in 

thefe experiments appeared evidently to be inexhauftible. 
“ It is hardly neceflary to add, that any thing which 

any infulated body or fyftem of bodies can continue to 

furnifh without limitation, cannot poffibly he a material 
fubjlance ; and it appears to me to be extremely difli- 

cult, if not quite inapofuble, to form any diftindl idea 
of any thing capable of being excited and communica¬ 
ted in the manner the heat was excited and communi- 
cated in thefe experiments, except it be motion. 

“ But although the mechanifm of heat fliould in fad 
be one of thole myfteries of nature which are beyond 
the reach of human intelligence, this ought by no 
means to difeourage us, or even leffen our ardour, in 

our attempts to invefligate the laws of its operations. 
How far can we advance in any of the paths which 
feienee has opened to us, before we find ourfelves en¬ 
veloped in thofe thick mills which on every fide bound 
the horizon of the human intellect > But how ample 

and interefting is the field that is given us to explore ! 
“ Nobody, furely, in his fober fenfes has ever pre¬ 

tended to underhand the mechanifm of gravitation ; and 
yet what fublime difeoveries was our immortal Newton 
enabled to make, merely by the inveftigation of the 
laws of its a&ion ! The effeds produced in the world 
by the. agency of heat are probably jujl as exienftve 
and quite as important, as thofe which are owing to the 

tendency of the particles of matter towards each other ; 
and there is no doubt but its operations are in all cafes 
determined by laws equally immutable.” 

HELENA, or St Helena. In addition to the 
account of this ifiand in the Encyclopedia, the following 
particulars from Sir George Staunton dtferve a place 
in this Supplement, beeaufe fome of them are important 
in themfelvee, while others eorred one or two mihakes 
into which we had fallen, by adopting, implicitly, the 
narrative of Forfter. 

The circumference of St Helena meafures fomewhat 
lefs than twenty-eight miles. Along the wfiole coait 
to leeward, or to the northward, fhips may anchor in 
perfed feenmy in all feafons of the year, but the bank 
fin elves fo abruptly afterwards, that the anchorage, be¬ 
ing in deep water, is infecure. The ride feldom rifes 

above three feet and a half; but the furge of the fea is 
fometimes tremendous ; and feveral accidents happened 
in approaching or quitting the fhore, until a wharf was 
ereded lately, which renders the arrival there, and de- 
parture from it, perfedly fafe. In the immediate neigh- 
bourhood of the ifiand, dorms are little known, thun- 
der is rarely heard, and lightning is feldom perceived. 

The deep eminences which intervene between the 
valleys, that are the chief feats of population, render 
the communication from one part of this little fpot to 
another flow and difficult. Planters on the windward 
Bide of the ifiand confider a journey to the leeward, or 

feat of government, as a ferious'undertaking. Several 
of them take that opportunity of paying their refpeds 
to the governor, which is called there fometimes “ go¬ 
ing to court.” "lhere are St Helena planters who 

have not travelled fo far. At prefent, by order of the 

governor, there are fignals fo placed all over the ifiand. 
Suppl. Vol. I. Part II. ' 
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by both as to give indant notice of the approach of veffels to 

any part of it. 

In the Encyclopedia, it is faid that peaches are the 
only European fruits which thrive in St Helena ; but 

this appears to.be a midake. Several forts of fruit 
trees imported into the ifiand had been dedroyed by a 

particular infedl ; but encouragement has been given 

for the cultivation of thofe which that mifehievous ani¬ 
mal is known to.fp.are, fuch as the apple, for example, 
with all the varieties of which it is fufccptible. The 
plantain and banana, or the two fpecies of the mufa, 
thrive alfo remarkably well. The ground is fertile, 

and in favourable feafons produces, in fome indances, 
double crops within the year. Plantations, however, 
of cotton, indigo, or canes, were not found to anfwer ; 
though fome good coffee has been produced in it. A 
botanic garden has been edablifhed near the governor’s 
country houfe. .An intelligent gardener has been fent 
to take care of it by the company ; and a vad variety 

of trees, plants, and flowers of different, and fometimes 
oppofite climates, are already coUe&ed in it. The fur- 

rounding fea.abounds in efculent fifh ; anil feventy diffe¬ 
rent fpecies, including turtle, have been caught upon the 

coafts. W hales are feen in great numbers play ing round 
the ifiand, where it is fuppofed the fouthern whale fidi- 
ery might be carried on to great national advantage. 

The country is chiedy cultivated by blacks. Per- 
fons of that colour were brought in a date of fiavery to 
it by its firil European fettlers ; and it feldom happens 
that white men will fubmit to common work where 

theie are black fiaves to whom it may be transferred. 
Thefe were for a long time under the unlimited do¬ 

minion of their owners, until a reprefentation of the a- 
bufes made of that power induced the India Company 
to place them under the immediate prote&ion of the 

magidracy., and to ena& various regulations in their fa¬ 
vour ; which have contributed to render them, in a 

great degree, confortable and fecure. Thefe regula¬ 
tions may have hint, at fird, the feelings of the own¬ 
ers of fiaves, but not their.real intered ; for it appears, 
that before their introduction there was a lofs, upon an 
avei age, of about ten in a hundred fiaves every year, to 
be fupphed at a very heavy expence ; whereas, under 

the prefent fyftem, they naturally increafe. All future 
impoitation of fiaves into the ifiand is prohibited. 

Belides the blacks in a ftate of fiavery, there are 
fome who are free. The labour of thefe tending to 
diminifh the value of that of (laves, the free blacks be- 

came once obnoxmus to fome flave owners; who had 
fumcient influence, in a grand jury, to prefent them as 
without vilible means of gaining a livelihood, and liable 
to become burdenfome to the community ; but upon 

examination, it appeared that all free blacks of age to . 
work were a&ually employed ; that not one of them had 
been tried for a crime for feveral years, nor had any of 
them been upon the pariffi. They are now by the hu- 

mane interpofition of the company placed under the 
immediate protection of the government, and *put near¬ 
ly upon a footing with the other free inhabitants, who 

when accufed of crimes, have the privilege of a jurv, as* 
well as in civil caufes. J ' 

The principal fettlement of St Helena has the De- 
cuhar advantage of uniting the fhelter of a leeward fi- 
tuation with the coolnefs of windward gales. The 

fouth-eaft wind blows conftantly down the valley, ren¬ 

dering a refidence in it pleafant as well as healthy. 
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The country is fo fertile, and the climate fo congenial 
to the human feelings, that perhaps it would be dif¬ 

ficult to find out a fpot where perfous, not having ac¬ 
quired a relifli for the enjoyments of the world, or ah 
ready advanced in life, and fitrfeited with them, could 
have a better chance of protracting their days in eale, 

health, and comfort. 
HELICOID Parabola, or the Parabolic Spiral, 

is a curve ariiing from the fuppofition that the common 
or Apollonian parabola is bent or twilled, till the axis 
come into the periphery of a circle, the ordinates (till 
retaining their places and perpendicular poiitions with 

icfpea to the circle, all thefe lines dill remaining in 

the fame plane. 
HELISPHERICAL Line, is the Rhumb line m 

Navigation ; being fo called, becaufe on the globe it 
winds round the pole helically or fpirally, coming dill 

nearer and nearer to it. 
HENIOCHAS, or Heniochus, a northern con- 

ftcllation, the fame as Auriga, which fee Encycl. 
HERSCHEL, the name by which the French, and 

mod other European nations, call the new planet dil- 

covered by Dr Herfeliel in the year 1781. Its mark 
or char after is W. The Italians call it Onranos, or U- 

rania ; but the Englifn, the Georgian Planet, or Geor¬ 

gia m Sidus. 
HETERODROMUS Vectis, or Lever, in Me¬ 

chanics, a lever in which the. fulcrum, or point of fnf- 
penfion, is between the weight*and the power ; being die 

fame as what is otherwife called a lever of the fird kind. 
HINZUAN, the proper name of one of the Como- 

ra idands, which by different writers of different na¬ 

tions has been called An%uame, Anjuan, Juanny, and 
'Johanna, and which is deferibed in the Encyclopedia 

linear the name of St Joanna. In that article, it is 
obferved, that an anonymous writer has cenfured the 

deferiptions of this ifland given by the Abbe Pveynal 
and Major Pvooke, as being not only exaggerated, but 
erroneous ; neither the country being fo pi&urefque as 

v the former represents it, nor the inhabitants meriting 
the refpe&able charader given of them by the latter. 

There was not perhaps much propriety in admitting 

into fuch a work as the Encyclopedia Britanmca, the 
anonymous cenfure of deferiptions, authenticated by the 

names of refpeaable authors ; but the bed reparation 
which we can make to tliofe authors is, to inform our 
readers, that their deferiptions of Hinzuan are confirm¬ 
ed by Sir William Jones, whofe tedimony, we believe, 
no man will controvert. That accomplifhed fcholar, 
who vifited the idand on his voyage to India, thus de- 

feribes its appearance from the bay in which the (hip 

rode at anchor. 
« Before us was a vad amphitheatre, of which you 

may form a general notion by pi&uring in your minds 

a multitude of hills infinitely varied in fize and figure, 
and then fuppofing them to be thrown together, with 
a kind of artlefs fymmetry, in all imaginable pofitions. 
The back ground was a feries of mountains, one of 
which is pointed, near half a mile perpendiculaily high 
from the level of the fea, and little more than three 
miles from the fhore : all of them richly clothed with 
wood, chiefly fruit trees, of an exquifite verdure. I 
had feen many a mountain of dupendous height in 
Wales and Swifferland, but never favv one before, round 
the bofom of which the clouds were almofl continually 

rolling, whiles it green fummit rofe flouridling above 
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them, and received from them an additional brighlnefs. Hinzuan. 

Next to this didant range of hills was another tier, part v ™L 
of which appeared charmingly verdant, and part rather 
barren ; but the contrad of colours changed even this 
nakednefs into a beauty : nearer dill were innumerable 

mountains, or rather cliffs, which brought down their 
verdure and fertility quite to the beach ; fo that every 
fhade of green, the fweeteff of colours, was diiplayed 
at one view by land and by water. But nothing con¬ 
duced more to the variety of this enchanting profpeft, 
than the many rows of palm trees, efpecially the tall 
and graceful Arecas, on the fhores, in the valleys, and 
on the ridges of hills, where one might almod fuppofe 
them to have been planted regularly by defign.. A 
more beautiful appearance can fcarce be conceived, 

titan fuch a number of elegant palms in fuch a iitua- 
tion, with luxuriant tops, like verdant plumes, placed 
at jufl intervals, and diovving between them part of the 

remoter landfcape, while they left the red to be Ap¬ 
plied by the beholder’s imagination. The town of 
Matfamudo lay on our left, remarkable at a didifnee for 

the tower of the principal mofque, which was built by 
Half mah, a queen of the ifland, from whom the pre- 
fent king is defeended : a little on our right was a final! 
town, called Bantani. Neither the territory of Nice^ 
with its olives, date trees, and cypreffes, nor the ides of 
Hieres, with their delightful orange groves, appeared fo 
charming to me as the view from the road of Hin%uanE 

Sir William Jones, fpeaking of the inhabitants, takes 

notice of the Lords, Dukes, and Princes, of whom we 
have made mention after Major Rooke. “ The frigate, 
(fays he) was prefentiy furronnded with canoes, and 
the deck foon crowded with natives of all ranks, from 
the high born chief, who wadied linen, to the half- 

naked Have, who only paddled. Mod of them had let¬ 
ters of recommendation from Engliflimen, which none 

of them were able to read, though they fpoke Englilh 

intelligibly ; and forne appeared vain of titles, which 
our countrymen gave them in play, according to their 

fuppofed Aations : we. had Lords, Dukes, and Princes, 
on board, foliciting our cuftom, and importuning us for 

prefents. I11 fa£, they were too fenfible to be proud 
of empty; founds, hut juflly imagined, that thofe ridi¬ 
culous titles would ferve as marks of diflin&ion, and, % 
by attracting notice, procure for them fomething fub- 

ftantial.” He fpeaks with great refpeft of the king, 
whofe name was Ahmed, as well as of feveral chiefs 
whom he favv, and feems to have met with no man of 
rank on the ifland whofe character was contemptible, 
but Selim the king’s elded fon. For the behaviour of 
that prince, the old fovereign made the bed apology 
that he could, while he privately affured the interpre¬ 
ter, that he was much difpleafed with it, and would 

not fail to exprefs his difpleafure. He concluded his- 
converfation with a long harangue on the advantage 
which the Englilh might derive from fending a {hip e- 
very year from Bombay to trade with his fubjetts, and or- 
the wonderful cheapnefs of their commodities, efpecial- 
ly of their cowries. Ridiculous as this idea might 
feem, it fhowed (fays Sir William) an enlargement of 
mind, a defire of promoting the intered of his people, 
and a fenfe of the benefits ariiing from trade, which 
could hardly have been expeded from a petty African 
chief, and which, if he had been fovereign of Yemen, 
might have been expanded into rational projects pro¬ 

portioned to the extent of his dominions. 
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Hinzuan. The mailer of the frigate learned from one of 

u“~~v chiefs a few curious circumilances concerning the go¬ 
vernment of Hinzuan; which he found to be a mo¬ 
narchy limited by an ariftocracy. The king, he was 
told, had no power of making war by his own authori¬ 
ty ; but if the aifembly of nobles, who were from time 
to time convened by-him, refolved on a war with any 

of the neighbouring iilands, they defrayed the charges 
of it by voluntary contributions ; in return for which, 
they claimed as their own all the booty and captives 
that might be taken. The hope of gain or the want 
of flaves is ufually the real motive for fueh enterprifes, 
and oftenlible pretexts are eafily found : at that very 

time, he underftood they meditated a war, becaufe they 
wanted hands for the following harveft. Their fleet 
confided of fixteen or feventeen fmall veffels, which 
they manned with about two thoufand five hundred 

inlanders, armed with mufkets and cutlafTes, or with 
bows and arrows. Near two years before they had 
poflefied themfclves of two towns in May at a, which 
they flill kept and garrifoned. The ordinary expences 
of the government were defrayed by a tax from two 
hundred villages ; but the three principal towns were 
exempt from all taxes, except that they paid annually 
to the chief Mufti a fortieth part of the value of all 
their moveable property ; and from that payment nei¬ 
ther the king nor the nobles claimed an exemption. 
The kingly authority, by the principles of their confti- 
tution, was confidered as elective, though the line of 
fuccefiion had not in fact been altered fuice the firil e- 
ledtion of a fultan. 

Sir William Jones concludes his remarks on this 
ifiand with fome reflections ; of which, though they may¬ 
be confidered as digrefiive, we are perfuaded our readers 
will approve of our extending the circulation. 

u have lately heard of civil commotions in H'm- 
xuan, which, we may venture to pronounce, were not 
excited by any cruelty or violence of Ahmed, but were 
probably occafioned by the infolence of an oligarchy 
naturally hoftile to king and people. That the moun¬ 

tains in the Comara ifiands contain diamonds, and the 
preemus metals, which are ftudioufly concealed by the 
policy of the fevcral governments, may be true, though 
I have no reafon to’ believe it, and have only heard it 
aflerted without evidence ; but I hope, that neither an 
expectation of fuch treafnres, nor of any other advan¬ 
tage, will ever induce an European power to violate 
the firft principles of juftice by affuming the ibvereign- 
ty of Hinzuan, which cannot anfwer a better purpofe 

than that of fupplying our fleets with feafonable re- 
frefhment ; and although the natives have an iutereft 
in receiving us with apparent cordiality, yet if we with 
their attachment to be unfeigned and their dealings 
juft, we mu ft fet them an example of ftiidl honelly in 
the^ performance of our engagements. In truth, our 
nation .is not cordially loved by the inhabitants of Hin¬ 
zuan, who, as it commonly happens, form a general o- 
pinion from a few inftances of violence or breach of 
faith. Not many years ago an European, who had 
heen hofpitably received and liberally fupported at 
Matjamudo, behaved rudely to a young married wo¬ 
man, who, being of low degree, was walking veiled 
'through a ftreot in the evening ; her hufband ran to 

protedl her, and refented the rudenefs, probably with 
menaces, poffibly with adlnal force ; and the European 

t0 have- given him a mortal wound with a knife 
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the or bayonet, which he brought, after the feuffle, from 

his lodging. This foul murder, which the law of na¬ 

ture would have jufti'fied the magiftrate in punifhing 
with death, was reported to- the king, who told the 
governor ( I ufe the very words of Alwi, a coufin of the 

ting'8), that “ it would be wifer to hufti it up.” Al¬ 
wi mentioned a civil cafe of his Own, which ought dot 
to be concealed. When he was on the coaft of Afri¬ 
ca in the dominions of a very favage prince, a fmall 
European veilel was wrecked ; and the prince not only 
feized ail that could be laved from the wreck, but 

claimed the captain and the crew as Ins (laves, and 

treated them with ferocious infolence. Alvvi afihred 
me, that,, when, he heard of the accident, he haftened 
to the prince, fell proftrate before him, and by tears 

and importunity prevailed on him to give the Euro¬ 
peans their liberty ; that lie fupported them at his own 

4 expence, enabled them to build another veiled, in which 
they failed to Hinzuan, and departed thence for Europe 

or India : he (hewed me the captain’s promiffory notes 
for fums, which to an African trader muft be a con- 

iiderable objeCt, but which were no price for liberty, 
lafety, and, perhaps, life, which his good, though dif- 

interefted,. offices had procured. I lamented that, in 
my fituation, it was wholly out of my power to afiiit 

Alwi in obtaining juftice ; but he urged me to deliver 
an Arabic letter from him, inclofing the notes, to the 
governor general, who, as he faid, knew him well ; and 

I complied with his requeft. Since it is poffiblc, that 
a fuhltautial defence may be made by the perfou thus 

accufed of injuftiee, I will not name either him or the 
vefiel which he had commanded ; but, if he be living, and 
if this paper (hould fail into his hands, he may be induced 
to rcfkdt how highly it imports our national honour, 
that a people, whom tve call favage, but who admini- 
fter to our convenience, may have no jiitl caufe to re¬ 
proach us with a violation of our contracts.” 

HIPS, in architecture, are thofe pieces of timber 
placed at the corners of a roof. Thofe are much longer 

than the rafters, becaufe of their oblique po lit ion. Hip 
means alfo the angle formed by two parts of the roof, 
when it rifes outwards. 

Hip-Roof, called alfo Italian roof, is one in which two 
parts of the roof meet in an angle, riling outwards : the 
fame angle being called a valley, when irfinks inwards. 

. HIRCUS, in altronomy, a fixed liar of the lirft mag¬ 
nitude, the fame with capella. 

Hircus is alio uled by fome writers for a comet, en- 
co in pa (led as it were with a mane, feemingly rough and 
hairy. J * 

HIRUDO. See JEncycL A new fpecies of this in- 
fea was difeovered in the South Sea by Le Martimere, 
naturalift in Peroufe’s voyage of difeovery. He found 
it buried about half an inch in a (bark’s liver, but could 
not conceive how it had got thither. It was fomethino- 
more than an inch long*, of a whitifii colour, and com- 
pofed of feveral rings fimilar to thofe of the tsenia. The 

fuperior part of its head was furnifiicd with four fmall 
ciliated manullse, by which it took its food ; under each 
mam ill a on both fides was a fmall oblong pouch, in the 

tonn of a cup ; and in the form of its infirumenta ciba- 
ria, it very nearly reftmbles the animal which has been 

lnppofed to be the caufe of meafies in fwine. Both thofe 
fpecies are referable to the genus him do, the characters 

of which, as given by Linnaeus, (laud (lavs Marthiierej 
in need or reformation. 

5A2 HIRUNDO 

Hinzuan 

Hiiudo, 
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Hirundo, HIRUNDO Esculenta (fee Hirundo, Encycl. 

Hifpamola. no ^ ^ js thus defcribed in the Trcnfattions of the Ba¬ 

tavian Society in the IJland of Java, vol. iii. ; and the 
defcription confirms the fagacious conjednre of Mr La¬ 

tham refpe&ing the fize of the bird, which the reader 

will find in our article referred to. 
“ The hirundo efculenta is of a blackifh grey colour, 

inclining a little to green ; but on the back to the tail, 
as well as on the belly, this blackifh colour gradually 
changes into a moufe colour. The whole length of the 

bird from the bill to the tail is about four inches and a 
half, and its height from the bill to the extremity of 
the middle toe three inches and a quarter. The diftance 

from the tip of tire one wing to that of the other, when 

extended, is ten inches and a quarter. The largeft 
feathers of the wings are about four inches in length. 
The head is flat ; but, on account of the thicknefs of 
the feathers, appears round, and to be of a laige flze in 
proportion to the reft of the body. The bill is broad, 

and ends in a (harp extremity, bent downwards in the 
form of an awl. The w idth of it is increafed by a na¬ 
ked piece of (kin, fomewhat like parchment, which, 
when the bill is Aiut, lies folded together ; but which, 

when the bill opens, is confiderably extended, and en¬ 
ables the bird to catch with greater eafe, while on wing, 
the infefts that ferve it for food. The eyes are black, 
and of a conflderable fize. The tongue, which is not 

forked, is fhaped like an arrow. The ears are flat, 
round, naked fpots, with fmall oblong openings, and are 
entirely concealed under the feathers of the bead. The 

neck is very fhort, as well as the legs and the bones of 
the wings. The thighs are wholly covered with fea¬ 
thers ; and the very tender low^er parts of the legs, and 
the feet themfelvcs, are covered with a fl<in like black 
parchment. Each foot lias four toes, three of which 

arc before and one turned backwards. They are all de¬ 
tached from each other to the roots ; and the middle 
one, together with the claw, is fully as long as the lower 

part of the leg. Each toe is furnifhed with a black, 
fliarp, crooked claw of a conflderable length, by which 
the animal can with great facility attach itfelf to crags 
and recks. The tail is fully as long as the body toge¬ 
ther with the neck and the head. When expanded it 
has the form of a wedge, and ccnfifls of ten large fea¬ 
thers. The fourfirft on each fide are long ; and, when 
the tail is clofed, extend almoft an inch beyond the reft. 
The other feathers decreafe towards the middle of the 

tail, and are equal to about the length of the body.” 
There is a variety of this fpecies of hirundo, with a 

fpeckled breaft, and white fpots on the tail feathers ; 
and this, though lefs numerous than the other, and in¬ 
deed not found at all in Java, appears to have been the 
only hirundo efculenta knowm to Linnaeus. For an ac¬ 
count of the eatable nefts of tliefe birds, and the manner 
of colle&irig them, fee Cap arid Button in this Sup¬ 

plement. 
HISPANIOLA, or St Domingo, the largeft of 

the Antilles or Caribbee illands, has been deferibed, as 
it txifted prior to the French revolution, in the Ency¬ 
clopedia, Previous to the year 1789 the government 
of the French part of the ifland w^as adminiftered by an 
officer called the InUndant, and a Governor-General, 
both nominated by the crowm, and invefled with autho¬ 
rity for three years. Their powers were in fome cafes 
diftinft, and iri others united; but though thefe powers 
were extenfive and almoft abfolute, the attention which 

the old government of France paid to the character and Hifpaniola, 

rank of thofe perfons wdiom it had placed over its fo- i 
reign fettlements, fecured to the inhabitants of Hifpa- 
niula a very conflderable fliare of happinefs. In fpite 

of what our refllefs innovators call political evils, figns 

of profperity were everywhere viflble; their towns were 
opulent, their markets plentiful, their commerce exten- 
five, and their cultivation increafing. 

Such was, in 1788, the ftate of the French colony, 
in the ifland of St Domingo; but in that eventful year, 
the flame, which had burft forth in Europe, fpread it¬ 
felf to the Weft Indies. A"n affcciation had been form¬ 
ed in France upon principles fomewhat flmilar to thofe 
of our fociety for the abolition of the flave trade ; but 
that afTociation, which called itfelf Amis cles Noirs, had 

much more dangerous defigns than ours. Avowing 
its deteftation of every kind of flavery,as wrell as of the 
Afiican trade, and condemning thofe abettors of liber¬ 
ty who dared to declare-themfelves pofTeflbrs of men, 
its members kept up an intimate and clandtftine con¬ 
nection with thofe rich mulattoes who redded in France 
for their education, and laboured to convince them that 
neither their colour nor theirfpurious birth fliould make 
any civil or political diftin&ion between them and the 

whites who were born in wedlock. To co-operate, 
as it were, with thefe fa&ious and falfe doClrines, the 
National Affembly iffued its famous declaration, in 
which it wras maintained that all mankind are born, and 
continue free, and equal in their"rights. The confc- 
quence of this was fuch as might have been expe&ed. 
The mulattoes of Kifpaniola, inftru&ed in the French 
pbilofophy of the rights of man, broke out into rebel¬ 

lion ; but not a&ing in concert, they were quickly over* 

powered. 
The fpirit, however, which had been excited among 

them, dill continued to ferment ; and the National At- 
fembly of France, taking the ftate of the ifland into fo- 
lemn conftderation, decreed, by a great majority, that 
its intention had never been to intermeddle with the in¬ 

ternal affairs of the colony ; that their internal legifla- 
tion was entirely their own ; and that the legiflature of 
the mother country w'ould make no innovation, dire&ly 
or indire&ly, in the fyftem of commerce in which the 
colonies were already concerned. However grateful 

this declaration might be to the whites of St Domingo, 
and in the then ftate of things however wife in itfelf, it 
occafloned difeontent and remonftrances on the part of 

the factious friends of the negroes'. They regarded it 
as an unwarrantable fan&ion of the African traffic, and 

a confeffion that the planters of Hifpaniola were not; 

colonifts, but an independent people. 
The colcnifts themfelves, indeed, or rather their re- 

prefentatives, feem to have thought that by this decree 
they wrere rendered independent ; for in their general 
affembly they paffed an a£i debarring the king’s dele¬ 
gate, the governor-general, from negativing any of 

their future a£fs. This violent meafure was far from 
giving univerfal fatisfadlion. The weftern parifhes re¬ 
called their delegates, while thofe of Cape Francis re¬ 

nounced their obedience to the w7hole affembly, and pe¬ 

titioned the governor to diffolve it. 
During thefe diffenfions, the commander of a fhip of 

the line, which lay in the harbour of Port-au-Prince, 
gave a furcptucus entertainment to the friends of the 
governor ; on wffiich account the feamen, who declared 

themfelves in the intereft of the affembly, thought fit to 
mutiny \ 
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Hifpaniola mutiny ; and the affembly, in . , __ ___ 

to the mutineers. Some of tlieir partizans, feizing at 
the fame time a powder magazine, the governor decla¬ 
red them adherents to traitors, and called on all officers, 
civil and military, to bring them to puniffiment. This 
was the iignal for civil injunction ; armed troops took 
the field on both fides ; and war feemed inevitable, when 

the .affembly refolved to repair in a body to Fiance, and 
juftify their pad condut. 

In the mean time the Amis des Noirs contrived to ex¬ 
cite the people of colour to rebellion. They initiated 

in the do trine of equality and the rights of man one 
James Oge, then redding in Paris in fome degree of 
affluence. They perfuaded him to go to St Domingo, 

put lifmfelf at the head of his people, and deliver them 
from the oppreffion of the whites; and in order to evade 
the notice of government, they undertook to procure 
for him arms and ammunition in America. He em¬ 
barked accordingly, July 1790, for New England with 

money and letters of credit ; but notwithdauding the 
caution of the Amis des Noirs, his dedgns were difeo- 

vered by the Freneh government, and his portrait was 
fent out before him to St Domingo. He landed on the 

ifland in October, and fix weeks afterwards publiffied a 
manifefto, declaring his intention of taking up arms, if 

the privileges of whites were not granted to all per fans 
without diflttidioti. He was joined by about 200 men 
Ox colour ; and this little army of ruffians not only maf- 

facred the whites wherever they fell in with them in 
fmall numbers, but, by a hill more unjuftifiable mode of 
conduct, took vengeance on thofe of their own colour 
who refufed to join their rebellious ftandard. They 

-were, however, foon overpowered by the regular troops; 
and their leader, after difclofing, it is faid, fomc impor¬ 
tant fecrets, (offered the puniffiment due to his treafon. 

While tlide things were going on in the ifland, the 
members of the Colonial Affembly arrived at Paris, 
where they were received by the reprefentatives of the 
French people with marked fymptoms of averfion. The 
resolutions compoiing their famous deeree were pro¬ 
nounced improper ; their vote of thanks to the muti¬ 

neers was declared criminal; they were themfelves per- 
fonally arrefted ; orders were given for a new affembly 
to be called ; and the king was requefted to augment 
the naval and military force then at St Domingo. 

The National Affembly of France having decreed 
.that every perfon twenty-five years old and upwards, 
po(felling property, or having refided two years in the 

colony and paid taxes, ffiould he permitted to vote in 
the formation of the colonial affembly, the people of co¬ 

lour very naturally concluded that this privilege was con¬ 
ferred upon them. Such, however, we believe, vVas not 
the meaning of the National Affembly ; but Gregoire, 
with the other friends of the negroes, at la ft prevailed) 
and mulattoes born of free parents were pronounced to 

be not only worthy of choofmg their reprefentatives, 
but alfo eligible thernfelves to feats in the colonial af- 
femblies. , This decree facrilieed at once all the whites 
in the ifland to the people of colour ; and the indigna¬ 
tion which filed the minds of both the royal and the 
republican parties feemed to have united them in one 

common caufe. They refolved to rejed the civic oath ; 
to confifeate the French property in the harbour, on 
which they actually laid an embargo ; to pull down the 

national^ colours, and to hoift the Britifh ftandard in their 

Head. The mulattoes in the meantime colle&ed in ar- 
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return, voted their thanks med bodies, and waited with anxious expe&ation to fee Hifpaniola. 

what meafures the colonial affembly would adopt. < v—, 

During thefe diffenlions, the negro (laves, into whofe 
minds had been feduloufiy inftilled an opinion that their 

rights were equal, to. thole of their mafters, refolved to 
recover their freedom. On the morning of the 23d of 

Auguft 1791, the town of the Cape was alarmed by a 

confufed report that the (laves in the adjoining parifhes 
had revolted ; and the tidings were foon confirmed by 
the arrival of thofe who had narrowly efcaped the maf- 
faci e. The rebellion had broken out in the parifh of 

Acid, nine miles from the city, where the whites had 

been butchered without diftindlion ; and now the rebels 
proceeded from parifh to parifh, murdering the men, 
and ravifliing the unfortunate women who fell into their 

hands. In a ffiort time the fword was accompanied 
with fire, arid the cane-fields blazed in every direction. 
The citizens now (lew to arms, and the command of the 
national troops was given to the governor, whilft the 

women and children were put aboard the ffiips in the 
harbour for fafety. In the fir ft adion the rebels were 
1 epulfed ; but their numbers rapidly increafnig, the go¬ 

vernor judged it expedient to adt folely on the defenfive. 
In the fpace of two months it was computed that up¬ 

wards of 2000 white perfons periffied ; and of the in- 
furgents, who confifted as well *of mulattoes as of ne¬ 
groes, not fewer than 10,coo died by famine and the 
fword, and hundreds by the hands of the executioner. 

When intelligence of thefe dreadful proceedings reach¬ 
ed Pans, the Affembly began to be convinced that its 
equalling principles had been carried too far ; and the 
famous decree, which put .the people of colour on the 
fame footing with the whites, was repealed. Three 

commiffioners were likewife fent to the colony to reftore 
peace between the whites and the mulattoes ; but two 
of them being men of bad character, and none of them 
poffeffing abilities for the arduous table of extinguiffiing 
the flames of a civil war, they returned to France wit hi 

cut accompli filing in any degree the objedt of their 
million. 

In the mean time the Amis des Noirs in the mother 
country had onee more gained the afeendant in the Na¬ 

tional Affembly ; and three new commiffioners, San- 

thonax, Polverel, and Ailhaud, with 6oco chofen men. 
from the national guards, were embarked for St Do¬ 
mingo. It was ftrong!y fuipeded that the obje& of 

thefe commiffioners was to proeure unqualified freedom 
for all the blacks in the iiland; but they folemnly fvvore 
that their foie purpofe was to eflablffh the rights of the 

mulattoes, as decreed by the law which had been lately 

repealed. The whites therefore expe&ed that a colo¬ 

nial affembly would be convoked ; but infiead of this 
the commiffioners nominated twelve perfons, of whom 
fix had been members of the laft affembly, and fix were 
mulattoes, line CommiJJion Intermediaire, with authority 

toraife contributions 011 the inhabitants, the application 
of which, however, they referved to themfelves. The 

governor finding that the commiffioners ufurped all au¬ 
thority, complained that he was but a cypher in public 
affairs ; his complaint was anfwered by an arreft upon 

his perfon, and he was fent a ftace prifoner to France. 

The tyranny of the commiffioners did not flop here. 
They overawed the members of the commiffion interme¬ 
diate, by arreftmg four of their number ; and difagree- 

mg among themfelves, Santhonax and Polverel difmiffed 

Ailhaud from their councils. War vtfas by this time 

declared* 
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'H^ amola. declared between the mother country and Great Britain, red to that (late of profperity which it formerly enjoy- 
k v " and prudence compelled the government of France to ed. 

take fome cave of the injured colony. Galbaud, there- HOLLOW, in archfte&ure, a concave moulding,, 
t fore, a man of fair chamber, was appointed governor, about a quarter of a circle, by feme called a cafement, 

and ordered to put the ifiand in a date of defence againft by others an abacus. 

foreign ir.vaiiou ; but poffeffing Wed India property, lIoLLoir-Tower, in fortification, is a rounding made 
which it fee ms was a legal difquahfication for the office of the remainder of two brifures, to join the emt a in to 
of governor, the commildoners difregarded his authori- the crillon, where the final! fhot are played, that they 

ty, and took up arms againd him. Finding themfelves may not be fo much expofed to the view of the enemy, 
likely to he worded, they offered topurchale the aid of HOMODROMUS Vectis, or Lever, in meeba- 
the rebel negroes, by the offer of a pardon for their pad / nics. is a lever in which the weight and power are both 
conduCl, freedom in future, and the plunder of the ca- on the fame fide of the fulcrum as in the lever of the 
pital. Two of the negro chiefs, more honourable than 

the French ccmmifiioners, fpurned at the bale propofal; 
but a third, after the governor had fled to the fhips, en¬ 

tered the town with 3coo revolted negroes, and began 

tin indiferiminate mafia ere. The miierable inhabitants 
■fled to the fhore, but their retreat was flopped by a 

party of mulattoes ; and for two days the daughter was 
inceffant. The town was half confumed by tire ; and 

the commiflionerg, terrified at the work of their own 
hands, ded for proteClion to a diip of the line, and 

thence iffued a manifesto, which, while it tried to exte¬ 
nuate, evinced a confcioufnefs of their guilt. 

Thus was lod the fined idand in the Wed Indies; 

mi idand which produced alone as much fugar as all the 
BritiOi Wed India pofftffions united ; not to mention 
the coffee and indigo, which were in iinmenfe quanti¬ 

ties cultivated in Hifpaniola. Had it not been for the 

rtftlefs machinations of the Amis des Noirs, it does not 
appear that fo general a revolt would have taken place 
tunong the daves ; for though the fpirit of republica- 
nifm had found its way into the idand, the republicans 
joined with the royalifts to keep the negfoes in proper 

fubje&ion. The unfuccefsful attempt which, at the 
requed of the more refpe&able part of the inhabitants, 
the Britifh government made to fubdue the execrable 
commiffioriers and their adherents, is frefh in the me- 
emory of all our readers, and need not here be detail¬ 

ed at length. Suffice it to fay, that after prodigies of 
valour, our troops were compelled, rather by difeafe 
than by the fwords of the enemy, to abandon the idand. 
Touffaint L’Quverture, a black chief, converted it into 
an independent republic, and continued to govern it un- 
diflurbed, till the preliminaries of peace were figned be¬ 

tween Britain and France in 1801. Immediately after 
that event, Bonaparte difpatched a fleet from Breft, 

with the permiffion of our government, carrying a con- 
fiderable army under the command of general Le Clerc. 
Touffaint at firft refufed to fubmit. Several bloody ac¬ 
tions were fought between the French troops arid the 
blacks, in which the former were uniformly fuccefsful. 
The open country was foon abandoned by the negroes : 
feveral of Touffaint’s generals fubmitted ; and at lail he 
himfelf was prevailed upon, by the addrefs and the mag¬ 
nificent promifes of Le Clerc, not only to throw down 
his arms, but to put himfelf into the power of the French 

general. For forne days thefe promifes were religioufly 
obferved ; but a pretence was foon found for breaking 

»them. Touffaint was ftript of his immenfe property, 
and Fent prifoner to France. Thus was the colony re¬ 
covered to France in a flill fliorter time than it had been 
loft. Since that event, nothing has tranfpired concern¬ 
ing the Rate of the ifland, or the regulations which the 
French find it neceffary to make. But it is obvious, that 
a confiderable period muff elapfe before it can be refto- 

2d and 3d kind; being fo called, becaufc here the weight 
and power move both in the fame dire&ion, whereas 

in the heterodromus they move in oppoike directions. 
HOOKE (Dr Robert) is faid, in the account of 

him which is publiflied in the Encyclopedia, to have laid 
claim to the inventions of others, and to have hoafted 
of many of his own, which he never communicated. 
We will not prefume to fay that this charge is entirely 
groundlefs ; but we know that it has been greatly ex- 

aggerated, and that many difeoveries undoubtedly made 
by him have been claimed by others. Of this the 
reader will find one confpicuous proof under the article 
Watch (Encycl.) ; and perhaps the following hiftory 

of the inventions to which he laid claim may furnifh 
another. It would be harfli to charge him with falfity 
in any of them ; that is to fay, to imagine that lie ei¬ 
ther Hole them from others, or did not think, at leaft, 
that he was an inventor. And, with refpeCt to many 
of them, the priority of his claim is beyond difpute. 

j636, Barometer, a weather glafs. 

1657, A fcapement, for maintaining the vibration of 
a pendulum.—And not long after, the regulating or 
balance fpring for watches. 

1658, The double barrelled air-pump.-The co¬ 
nical pendulum,—His firlt employment of the coni¬ 

cal pendulum was no lefs ingenious and fcientific than 
it was original. He employed it to reprefent the 
mutual gravitation of the planets ; a faCl which he 
had moil fyftematically announced. He had (hewn 
that a force, perfectly analogous to gravity on this 
earth, operated on the furface of the moon and of Ju¬ 
piter. Conlidering the numerous round pits on the 
l'urface of the moon, furrounded with a fort' of wall, 
and having a little eminence in the middle, as the pro¬ 

duction of volcanoes, he inferred, that the eje&ed mat- 
’ter fell back again to the moon, as fuch matter falls 
back again to the earth. He faw Jupiter furrounded 
with an atmofphere, which accompanied him ; and there¬ 
fore prefled 011 him, as our air preffes on the earth :—• 
He inferred, that it was the fame kind of power that 

maintained the fun and other planets in a round form. 
He inferred a force to the fun from the circulation round 
him, and he called it a gravitation ; and faid that it was 
not the earth which deferihed the ellipfe, but the centre 
of gravity of the earth and moon. He therefore made 
a conical pendulum, whofe tendency to a vertical poiiv 
tion reprefented the gravitation to the fun, and which 

was projeCled at right angles to the vertical plane ; and' 
(hewed experimentally, how the different proportions off 
the projeCtile and centripetal tendencies produced vari¬ 
ous degrees of eccentricity in the orbit. He then add¬ 
ed another pendulum, deferibing a cone round the firlt,4 
vyjhile this deferibed a cone round the vertical iiiie, *in 
order to fee what point between them deferibed t&e 

eiiipfc. 
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Hoolte. ellipfe. The refults of the experiment were intricate 

’ and unfatisfaXory ; but the thought was ingenious. 

He candidly acknowledged, that he"had not difcovered 
the true law of gravitation which would produce the 
defcripfion of an ellipfe round the focus, owing to his 

want of due mathematical knowledge ; and therefore 
left this inveftigation to his fuperiors. Sir Ifaac New¬ 

ton.was the happy man who made the difcovery, after 
having entertained the fame notions of the forces which 
conneXed the bodies of the folar fyftem, before he had 
any acquaintance with Dr Hooke, or knew of his fpe- 
culations. 

i66o, The engine for cutting clock and watch wheels. 
—The chief phenomena of capillary attra&ion.—The 
freezing of water at a fixed temperature. 

1663, The method of fupplying air to a diving bell. 
—The number of vibrations made by a mufical chord. 

1664, His Micrographia was, by the council, of the 
Royal Society, ordered to be printed; but in that work 

are many juft notions refpeding refpiration, the com- 
pofition of the atmofphere, and the nature of light, 

which were afterwards attributed as difcoveries to Ma- 
yow and others, who, though we are far from fuppo- 
iing that they ftole their difcoveries from Dr Hooke, 
were certainly anticipated by him. 

1666, A quadrant by reflection. 

1667, The marine barometer—The gage for found¬ 
ing unfathomable depths. 

1668, The meafurement of a degree of the meridi¬ 
an, with a view to determine the figure of the earth, 
by means of a zenith feCtor. 

1669, The faof the conjervatio virtum vivarum, 
and that in all the produ&ions and extiuftions of mo¬ 
tion, the accumulated forces were as the fquares of the 
final or initial velocities. This do&rine he announces 
m all its generality and importance, deducing from it 
all the confequences which John Bernoulli values him- 
felffo highly upon, and which are the chief fa<fts ad¬ 
duced by Leibnitz in fupport of his doctrine of the 
forces of bodies in motion. But Hooke was perfectly 

aware of their entire correfpondence with the Cartefian, 
or common doXrine, and was one of the firft in apply’ 
ing the celebrated 39th propofition of Newton’s Prin- 
eiprn to his former pofitions on thisfubjeX, as a matlie- 
matical demonftration of them. 

1673, That the catenaria was the beft form of an 
arch. 

1674, Steam engine on Newcomen’s principle. 
1679, 1 hat the air was the foie fource of heat in 

burning: That combuftion is the folution of the inflam¬ 
mable vapour in air ; and that in this folution the air 
gives out its heat and light. That nitre explodes and 

caufes bodies to burn without air, becaufe it conlifts 
of this air, accompanied by its heat and light in a con- 
denfed or folid ftate ; and air fupports flame, becaufe 
it contains the fame ingredients that gunpowder doth, 
that is, a nitrous fpirit : That this air diffolves fome- 
thing in the blood while it is expofed to it in the lungs 

in a very expanded furface, and when faturated with it, 
can no longer fupport life nor flame ; but in the ad 
of folution, it produces animal heat : That the arterial 
and venal blood differ on account of this fomething be- 

wg wanting in one of them. In fhort, the fundamen¬ 
tal doctrines of modern chemiftry are fyftematically de- 

livered by Dr Hooke in his Micrographia, Dublifkd in 
and lus Pampas, publifhed in 1677. * 
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1680, He firft obferved the fecondary vibrations of 

elaftic bodies, and their connexion with harmonic founds.' 
A glafs containing water, and excited by a fiddleftick, 
threw the water into undulations, which were fquare, 
hexagonal, ocftagonal, &c. /hewing that it made vibra¬ 
tions fuboidinate to the total vibration ; and that the 

fundamental found was accompanied by its o<ftave, its 
twelfth, &c. 

1681, He exhibited mufical tones by means of tooth¬ 
ed wheels, whirled round and rubbed with a quill, which 

dropped from tooth to tooth,and produced tones pro¬ 
portioned to the frequency of the cracks or fnaps. 

1684, He read a paper before the Royal Society, 
in which he affirms, that fome years before that period, 

he had propofed a method of difedurfing at a diftance, 
not by found, but by fight. He then proceeds to de- 
fenbe a very accurate and complete telegraph, equal, 
perhaps, in all refpefts to thofe now in ufe. But fome 

years previous to 1684, M. Amontans had not invent¬ 
ed his telegraph ; fo that, though the Marquis of Wor- 

cefter unqueftionably gave the firft Jiint of this inftru- 
ment, Dr Hooke appears to have firft brought it to 
perfection. See Telegraph, EncycL ; and a book, 

publifhed 1726, entitled Philofopbical Experiments and 
Olfervations of the late eminent Dr Robert Hooke. 

We are indebted to him for many other difcoveries 
of le/Ter note ; fuch as the wheel barometer, the uni- 
verfal joint, the manometer,. ferew divided quadrant, 

tclefcopic fights for aftronomical inftruments, reprefent- 
ation of a mufcular fibre by a chain of bladders, expe¬ 

riments (hewing the infledion of light, and its attrac¬ 
tion for fohd bodies, the curvilineal path of light thro’ 
tlie atmofphere. b 

HORNE (George, D. D.), late Lord Bifhop of 
XSorwich, was a man of fuch amiable difpofitiotis, pri¬ 
mitive piety, and exemplary morals, that we wifti it 
were, in our power to do jullice to his chara&er. His 
life, it is true, has been already written, at confiderable 
length, by two authors, pofiefied of erudition and of 

unqueftionable integrity ; but mere erudition is by no 
means.fufficient to fit a man for difeharging the duties 
oi a biographer. It was not the learning of Johnfon, 

but his fag3city, and .intimate acquaintance with human 
nature, that placed him fo for above his contemporaries 
in this department of literature. 

Of Bifliop Home’s biographers, one poTefTed, in¬ 
deed, the great advantage of having lived in habits of 
intimacy with him from his boyiili years. In the au¬ 

thenticity of lus narrative, therefore, the fulleft confi- 

dence may be placed : and that narrative we fliall faith, 
tully follow ; referving, however, to ourfelves the liber¬ 
ty of fometimes making reflexions on the various inci¬ 
dents recorded,, widely different from thofe of the au- 
til or. 

George Horne was, in 17 30, born at Otham in Kent,, 
a vnlage near Maidltone, giving the name to a parilh, 
of which his father was the reXor. He was the fe- 
cond of four Tons ; of whom the eldeft died in very 
early life,,and the y.oungeft, who is ftil] alive, fuccetded 
h.s father both ,n the reXory of Otham and in that of 

Breda in the county of Suffex. He had likewife three ' 
titters, of vvhofe fortunes we know nothino- 

Mr Horne, the father of the family, was of a tem¬ 
per fo remarkably averle from giving pain or trouble 
upon any occafion, that be ufed to awake his fom 

George, when an infant, by playing upon a flute, that, 

the 

Horne; 
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Horng, the cbange from fleeping to awaking might be gradual 

11 and pleafant. Having been for fome years a tutor at 
Oxford, he took upon himfelf the early part of the 
clafftcal education of this favourite fon ; an office of 
which he was well qualified to difcharge the duties. 
Uunder fuch an inftmdlor, the fubjedf of this memoir 

led a very pleafant life, and made a rapid progrefs in 
the Greek and Latin languages. By the perfuafion of 
a friend, however, he was, at the age of thirteen, placed 

in the fchool of Maidftone, then under the care of a 
Mr Bye, eminent for his knowledge of ancient litera¬ 
ture. And remaining with this gentleman two years, 
lie added much to his flock of learning ; and, among 

other things, a little elementary knowledge of the He¬ 
brew tongue, which Mr Bye taught on the plan of 

Buxtorf. Though Dr Horne afterwards reje&ed that 

qfian, he readily admitted, that the knowledge of it was 

of great advantage to him. 
At the age of fifteen, he was removed from Maid¬ 

ftone fchool to Univerfity college Oxford, where his fa¬ 

ther had happily obtained for him a fchoiarfhip. At 
college his (Indies were, in general, the fame with thofe 
of other virtuous and ingenious youths ; while the vi¬ 

vacity of his converfation, and the propriety of his con¬ 
duct, endeared him to all whofe regard was creditable. 

About the time of his taking his bachelor’s degree, he 
was chofen a fellow of Magdalen College ; and foon af¬ 

terwards, if not before, commenced author. 
The hiftory of his authorfiiip is curious, and we fhall 

give it at fome length. While lie was deeply engaged 
in the ftudy of oratory, poetry, and every branch of 
polite literature, he was initiated by his faithful friend 
Mr Jones in the myfteries of Hutchinfonianifm ; but 
Mr Jones was not his preceptor. Indeed that gentle¬ 
man informs us, that when he firft communicated to 
Mr Horne the novelties with which his own mind was 
filled, he found his friend very little inclined to confider 
them ; and had the mortification to fee, that he was 

himfelf lofing ground in Mr Horne’s efteein, even for 
making the attempt to convert him. At this we are 
not to he much furprifed. Mr Horne, though, by 

his biographer’s account, no deep Newtonian, faw, or 
thought he faw, the necefiity of a vacuum to the pof- 
fibility of motion ; and as we believe that every man, 

who knows the meaning of the words motion and vacu¬ 
um, and whofe mind is not biaffed in favour of a fyftem, 

fees the fame thing, it was not to be fuppofed, that a 

youth of found judgment would hafiily relinquifii fo 
natural a notion. By Mr Horne, however, it was at 
length relinqnifiied. Mr Jones introduced him to Mr 
George Watfon, a fellow of Univerfity college, whom 

he reprefents as a man of very fuperior aceoinplilhments; 
and by Mr Watfon Mr Horne was made a Iiutchinfo- 
uian of fuch zeal, that at the age of nineteen, he impli¬ 

citly adopted the wild opinion of the author of that fyf- 
tem, that Newton and Clarke had formed the defign of 
bringing the Heathen Jupiter, or Stoical anima mundi, 
Into the place of the God of the univerfe. With fuch 
a convi&ion imprefied upon his mind, it is not wonder¬ 
ful that he fiiould endeavour to diferedit the fyftem of 
Newton. This he attempted, by publifiling a parallel 
between that fyftem and the Heathen dodlrines in the 

Somnium Scipionis of Cicero. That publication, which 
was anonymous, we have never feen ; but Mr Jones him- 

4 felf admits it to have been exceptionable ; and the ami¬ 

able author feems to have been of the fame opinion, for 
he never republiftied it, nor, we believe, replied to the 

anfwcrs which it provoked. 
He did not, however, defert the caufe, but publifhed, 

foon afterwards, a mild and ferious pamphlet, which he 
called A Fair, Candid, and Impartial State of the Cafe 

between Sir Ifaac Newton and Mr Hutchinfon. Even 
of this pamphlet we have not been able to procure a 
fight ; but Mr Jones allures us, that the author al¬ 
lows to Sir Ifaac the great merit of having fettled 
laws and rules in natural philofophy, and of having 
meafured forces as a mathematician with fovereign Ikill; 
whilft he claims for Mr Hutchinfon the difeovery of 

the true phyfiological caufes, by which, under the 

power of the Creator, the natural world is moved and 

dire&ed. 
If this be a fair view of the fate of the cafe, it allows 

to Newton more than ever Newton claimed, or has 

been claimed for him by his fondeft admirers ; for the 
laws and rules, which he fo faithfully followed in the 
ftudy of philofophy, were not fettled by him, but by 
the illuftrious Bacon. With refpedl to the true caufes 

here mentioned, we have repeatedly had occalion, du¬ 
ring the courfe of this Work, to declare our opinion, 
that all men are equally ignorant of them, if they be 
confidered as any thing diftincl from the general laws 
by which the operations of nature are carried on. To 
the difeovery of other phyfiological caufes, Newton, in 
his greateft wrork, made indeed no pretenfion ; but it 

may be worth while, and can hardly be confidered as 
a digreflion, to confider what are the prcterifions of 
Hdchinfon, to which MtfTrs Horne and Jones gave 

fo decided a preference. 
Mr Hutchinfon himfelf writes fo obfeurely, that we 

dare not venture to tranfiate his language into common 
Englifh, left we fiiould undelignedly mifreprefent his 
meaning ; but according to Mr Jones, who has ftudied 
his works with care, his diftingnifiiing dodtrine in phi- 

lofopliy is, that “ The forces, of which the Newtonians 
treat, are not the forces of nature ; but that the world 
is carried on by the adlion of the elements on one ano¬ 
ther, and all under God.” What is here meant by 
the elements, we are taught by another eminent dif- 
ciple of that fchool. “The great agents in nature, 
which carry on all its operations, are certainly (fays* 

Mr Parkhurft) the fluid of the heavens ; or, in other 

words, the fire at the orb of the fun, the light ifluing 
from it, and the fpirit or grofs air conilantly fupport- 

ing, and concurring to the actions of the other two.” 
(See Cherubim in this Supplement). Mr Horne adopt¬ 
ed this fyftem in preference to the Newtonian ; becaufe, 
fays his biographer, “ It appeared to him nothing bet¬ 

ter than raving, to give a£live powers to matter, flip- 
pofing it capable of a&ing where it is not ; and to af¬ 
firm, at the fame time, that all matter is inert, that is, 
ina&ive ; and that the Deity cannot adl but where he 
is prefent, becaufe his power cannot be but where his 

fubflance is.” 
That much impious arrogance has been betrayed, 

not by Newtonians only, but by philofophers of every 

fchool, when treating of the modus operandi of the 
Deity, we feel not ourfelves inclined to controvert; but 
vve never knew a well-informed Newtonian, who fpoke 
of the a£rive powers of matter but in a metaphorical 

fenfe ; and fuch language is ufed, and muft be ufed, by 

Horne. 
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the followers of Hutchinfon. Mr Jones fpeaks of the rately, 
adton of the elements; and Mr Parkhurft calls the fluid " 
of the heavens, which, according to him, confifts of fire, 
light, and air, agents ; but it would forely be uncandid 

to accufe thefe two pious men of animating the ele¬ 

ments, though we know that aSion and activity, in the 
literal fenfe of the words, can be predicated only of 
living beings. With refped to giving active powers to 

matter, therefore, the followers of Hutchinfon rave juft 
as much as thofe of Newton ; and we fee not the ra¬ 

ving of either in any other light than'as the neceffary 
confequence of the poverty of language. 

But the Newtonian makes matter aft upon matter 
at a diftance l No ; the genuine Newtonian does not 
make matter m!? (in the proper fenfe of the word) at 
all ; but he believes, that God has fo conftituted mat¬ 

ter, that the motions of different maffes of it are affed- 

ed by each other at a diftance ; and the Hutchinfonian 
holds the very fame thing. As this celeftial fluid of 
Mr Parkhurft’s confifts partly of air, we know, by the 

left of experiment, that it is elaftic. The particles of 

which it is compiled are therefore diftant from each 
other ; and yet they refill compreffion. How does the 

Hutchinfonian account for this fad ? Perhaps he will 
fay, that as matter ,s in itfelf equally indifferent to mo- 

tion and reft, God has fo conftituted the particles of 
this fluid, that though they poffefs ,,0 innate power or 
activity of their own, they are affeded by each other 

at a diftance, in confequence of his fiat at the creation. 
1 his we believe to be the only folution of the difficulty 
which can be given by man ; but it is the very anfwer 

given by the Newtonians to thofe who objed to them 
the abfurdity of fuppofing matter to be affeded by mat¬ 

ter at a diftance. That the motions of the heavenly 

bodies are affeded by the prefence of each other is a 
tact, lay they, which appears incontrovertible. “ We 
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many arc valuable. 

. ' / ' - - -ri-- *wv.uuuwvt.ujcjc. " VV e 
have alcertained with precilion the laws by which thefe 

motions are regulated ; and without troubling ourfelves 
with the true phyfiological caufes, have demonftrated 
the agreement of the phenomena with the laws. The 

interpofit.on of this celeftial fluid removes not a Angle 
difficulty with which our doctrine is fuppofed to be 

clogged. 1 o have recourfe to it can therefore ferve no 
purpoie, even were the phenomena confiftent with the 
nature of an elaftic fluid confidered as a phyfical caufe- 
but this is not the eafe. It is demonftrable (fee Astro- 

nomy and Dynamics in this Suppl) that the motions 
of the heavenly bodies are not confiftent with the me- 

- fur m °.f an elaftic confidered as the caufe of 
efe motions; and therefore, whether there be fuck a 

fluid or not diffufed through the Tolar fyftem, we can- 
not allow that it is the great agent in nature by which 
all its operations are earned on.” 

Such might be the reafoning of a well-informed New. 

tonian in this controverfy ; and it appears fo conclufive 
again ft theobjedions of Hutchinfon to the Newtonian 
forces, as well as againft the agents which he has fub- 

ftituted in their (lead, that fome of our readers may be 

“X fl a- “ qUeft!°n the foundnt'fs of that man’s 
underftandmg who could become a Hutchinfonian fo 
zealous as Mr Horne But to thefe gentlemen we beg 
leave to reply, that the founded and moft upright mind 

if t"h tPrr0ft0f af'n11 th? fnfluence of 3 fyftem, efpecially 
if that fyftem has novelty to recommend it, andat the 

tt„,V• r ' • Such was the fyftem of Horne. 
Hutchinfon when adopted by Mr Horne. It was then-v—~ 
but very little known; it could be ftudied only through 

the medium of Hebrew literature, not generally cirlti- 

Mrldut'ch V tKtrat-Uref l° the c,lltl"> of which 
in 'tHf f |f°n had S.lven a new and a better turn, is 

too fth»ftl h%Ttm°i? rP°,ta,,Ce- Let ;t be ohferved, 
toe, that the Hutch.nfonia.,8 have, for the moft part, 
been men of devout minds, zealous in the caufe of 

Tnd the l’’ T untainted by Arianifm, Sociuianifm. 
and the other heref.es which have fo often divided the 

arelah- °f Chr'ft :-and when all thefe circumftances 
are taken into confideration, it will not be deemed a 

proof ofany defed in Mr Horne’s under (landing, that 
in early life he adopted the -whole of a fyftem, of which 

iome of the parts contain fo much that is good ; efpe- 
cially when it is remembered, that at the a- 

gency of the celeftial fluid appears fo plaufible, that for 
a tune it feems to have nnpofed upon the mind of New- 
ton nimlelr. 

of f-UVf1C truUth ,9’i that Mr Hon,e was at no period 
f V’d KfCwthT0r0Ug ' pa,Ce<1 Hutch;''fonian. It is con- 
feffed by Mr Jones, “ that Mr Hutchinfon and his ad- 
imrers laid too great a ilrefs on the evidence of He¬ 
brew etymology ; and that fome of them carried the 
matter fo far, as to adopt a mode of fpeaking, which 

had a nearer refemblance to cant and jargon than to 
found fenfe and fober learning. Of th,^(continues he) 

(r‘ “orne "'as_very foon aware; and he was in fo 

I-! , danger of foHowmg the example, that he ufed to 
difplay the foibles of foch perfons with that mirth and 
good humour,” which he poffeffed in a more exquifite 
degree than moft men. This feems to be complete 
evidence that lie was never a friend to the etymologi- 

cal part of the fyftem ; and the prefent write.’ can ft- 
left, that, in the year 1786, he feemed by his conver- 
iation to have loft mnrh rtf J,»*o ._ c .1 fathm to have loft much if his convialon^Z ZZlly 
o te celeftial fluid. He continued, indeed, to ftudv 
the Hebrew Scriptures on the plan of Mr Hutchinfon, 

unincumbered with the Maforetic points, or with rab- 
bin.cal interpretations ; and the fruits of his (Indies are 

in the hands of the religious public, in works which, 
• by that public, will be efteemed as long as their lan. 

guage is underftood. 

„ , attej0. Mr Horne was a layman, but lie intereft- 
ed himfelf in every thing conneded with religion, as 
much as the moft zealous dignitary of the church ; and 

confidermg the naturalization of the Jews as a meafure 
t lead indecent in a Chriftian country, he published 

in an evening paper, a feries of letters on that fubjed 

both when the Jew bill was depending, and after it had 

paffed the houfe. The letters were anonymous; but 
hey attraded much notice, and many groundlefs con- 

jedure. were made refpeding their author. To the 
real author, the meafure which they oppofed was fo 

very obnoxious, that he refufed to dine at the table of 

to h ’ll’ °n y oeTue the fon-;,,-law of Mi Pelham was 
to be there. And he was not much more friendly to 

Jd nf" t0 rh,e JeW biH- If b« coniider. 
tfi L ?u u d,%,aceful t0 religi°n, he probably 
thought that the other, with its numerous claufifs, might 
be made a fnare for virtue. m,Snt 

ordSr whirr a,p.proached ^ ** ™ t0 take h0iy 

Ihen he i h b™ WaS/ Very ferl'oua affair ; and 
when he gave an account of his ordination to an inti- 

5 B mate 
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mate friend, he concluded the letter with the following 

reflections, which, even in an abtlraft like this, it would 

be unpardonable to omit : f r , 
“ May he, who ordered Peter three times to feed 

his Limbs, give me grace, knowledge, and (kill, to watch 
and attend to the flock which lit purchafed upon the 
crofs, and to give reft to thole who are under the bur¬ 

den of fin and forrow. It hath pleafed God to call 
me to the mi.iiftry in very troublefome times '"deed, 
when a lion and a bear have broken into the folo, and 

are making havoc among the {heep. With a firm, 
though humble confidence, do I purpofe to gofortli ; 

not in my own ftrength, but in the ftrength of the Lord 

God; and may he profper the work of my hands! 
This was in the year 1753, when the pious author was 
hardly 23 years of age; and lie had not been many 

months in orders, when one of the mod celebrated 
preachers in the metropolis pronounced, that “ George 
Horne was, without exception, the beft preacher in 

England.” . . . 
In the year 1756, he was again involved in contro- 

verfy A pamphlet had been publtfhed at Oxford, 
fuppofed by Mr Kennicott, who afterwards gained fuch 

fame as a colleftor of Hebrew manufcripts, entitled A 
Word to the Hutchinfonions, in which Mr Horne was 

perfonally itruck at. To this work our author replied 

in a finall traft, called An Apology for certain Gentlemen 
in the Univerjity of Oxford, Afperfed in a late Anonymous 

'Pamphlet; and whatever may be thought of the quei- 

tion at iflue, all men muft admire the temper with which 
the apologift condufted himfelf under very great provo- 

CatBut it was not about Hutcbinfonianifm alone that 

thefe two illuftrious men were doomed to differ. Mr 
Horne took a decided part againft Mr Kennicott’s pro¬ 

pofol for collating the text of the Hebrew bible, with 
fuch manufcripts as could be found, for the purpofe of 

reforming the text, and preparing it for a new tranflation 
into the Englifh language ; and in the year 1760, he 

published A View of Mr Kennicott s Method of Lor- 
reeling the Hebrew Text, with three Queries formed 

thereon, and humbly fulmitted to the Chnjlian world. 
That his alarm was on this occafion too great, experi¬ 
ence has (hewn ; but that it was not groundless, is evi¬ 
dent from the View, in which the reader will find a- 
hove 20 inflances from Mr Kennicott’s d .flirtations 

(fee Kennicott, Encyst.), to fhew wliat an inunda¬ 

tion of licentious criticifm was breaking in upon the 
facred text. Indeed there is reafon to believe, that this 

trail, together with another on the fame fide of the 
queftion by Dr Rutherford of Cambridge, contributed 

to reprefs the colleftor’s rafhnefs, and to make the 
Bible of Dr Kennicott the valuable work which we 

find it. Be this as it may, fuch was the moderation ot 
the Drs Kennicott and Horne, that though their ac¬ 
quaintance commenced in hoftility, they at length con- 

tra&ed for each other a friendfhip, which fatted to the 

end of their lives, and (fill fubiifts between their fami- 

In vvliat year Mr Horne was admitted to the degree 
of D. D. and when he was chofen prefident of his col¬ 

lege, Mr Jones has not informed us ; but, if our me¬ 
mory does not deceive us, he had obtained both thefe 
preferments when, in the year 1772, he gave to the 

public a finall work, Bvo, entitled Confiderations on the 
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Life and Death of St John the Baptifi. This tra<5i was 
the Jubilance of a courfe of fermons, which he had ^ 
many years before, in conformity to an eilabliihed s;uf- 
tom at'Magdalen College, preached before the univerfity 

of Oxford. Mr Jones, fpeaking of it, fays, that “ he 
is perfuaded there was no other man of his time, whofe 

fancy as a writer was bright enough, whofe /kill as an 
interpreter was deep enough, and whole heart as a mo* 
raliil was pure enough, to have made him the author of 

that little work/’ By moil readers this ilrain of pa- 
negync will be thought extravagant, and of courfe it 
will defeat its own purpofe ; but the work is certainly 

a work of merit. 
In the year 1776, when the author was vice-chan¬ 

cellor, was publifhed, in two volumes 4to, Dr Horne’s 
Commentary on the Pfalms. It is a work of which 

very different opinions have been formed, though it was 
the refult of the labour of twenty years. That it will 
always be a favourite companion pf the devout Chritlian,* 

we are as much inclined to believe as Mr Jones ; but we 
cannot, without belying our.own judgment, fay that it 

appears to us calculated to produce much general good 
in an age like the prefent. Granting it to be true, which 

we belfeve will not be granted without fome exceptions, 
' that Clarke, and Hoadley, and Hare, and Middleton, 

and Warburton, and Sherlock, and South, and Wil¬ 

liam Law, and Edmund Law, had turned the public 
attention, of which they had got the entire command, 
too much to the letter of the Bible to the negleft of the 

/pint of it ; fhould not Dr Horne, after the example of 
St Paul, have let in the light gradually upon fuch weak 
organs as thofe of the public thus difeafed, rather thaa 
pour it upon them at once in a flood of fple^xlor. T. he 

apoflle “ fed his Corinthian converts with milk and not 
with meat*” when he found them unable to bear the 

latter food ; and there is reafon to fufpe& that the car¬ 
nal followers of Warburton, and Sherlock, and South, 

were unable to bear, at once, fuch flrong meat, as that 
which makes the fifteenth pfalm a portrait of our Sa¬ 

viour. Indeed, we think it not improbable that the 
mind of Sherlock would have recoiled with horror from 
the very conception of the pojjtbilily of Jefus Chrifl 
<< fwearing to his neighbour and difappointing him, 
though that conception mud have paffed through a mind 
which was certainly as pure as his. The commentary, 

however, though truth thus compels us to fay that, in 

our opinion, it is far from perfedl, is certainly a work 

of great learning, great genius, and fervent piety, and 
fuch as the devout Chriflian will perufe again and again. 

with much advantage. 
Dr Horne's next work was of a different kind, and,, 

we think, of a fuperior order. In the year 1776 was 
publifhed a letter of Dr Adam Smith’s, giving an ac¬ 

count of the death of Mr David Hume. The objea of 
the author was to fhew that Mr Hume, notwithftand- 

ing his fceptical principles, had died with the utmoft 

Kcrr.e. 

Ill W Ilia ILl-JllH-Hi -- , 

compofure, and that in his life, as well as at his death, 
he had condufted himfelf as became one of the wife ft: 
and beft men that ever exifted. The letter is very much 
laboured, and yet does no honour either to the author or 

hisfriend. It could not reprefent Mr Hume asfupportmg: 
himfelf under the gradual decay of nature with the hopes 
of a happy immortality ; but it might have reprefented 
him as taking refuge, with other infidels, m the dema! 
deep of death. This, though but a gloomy profpect, would 
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Home, not have been childifh ; but the hero of the tale is ex- bury 

hibited as talking like a fchool-boy of his conferences 

with Charon, and his reludance to go into the Stygian 
ferry-boat, and as confoling himfelf with the thought 
of leaving all his friends, and his brother's family in 

particular, in great profperity ! ! I1 The abfurdities of 
this letter did not efcape the watchful and penetrating 

eye of Dr Horne ; and as he could not miftake its ob- 
jed, he held it up to the contempt and fcorn of the re¬ 
ligious world in A Letter to Adam Smith, L. L. 1). on 

the Life, Death, and Philofophy of his FA end David 
Hume, Efqf by one of the People called Chrijlians. The 
reafoning of this little trad is clear and conclulive, while 

its keen, though good humoured wit is inimitable ; and 
it was, fome years afterwards, followed by a feries of 
Letters on Infidelity, compofed on the fame plan, and 

with much of the fame fpirit. This fmall volume, to 
the fecond edition of which the letter to Dr Smith was 

'prefixed, is better calculated than almofl any other with 
which we are acquainted, to guard the minds of youth 

againlt the infidious Itrokes of infidel ridicule, the only 
daugerous weapon which infidelity has to wield. 

When the letters on infidelity were pubtilhed, their 
author had for fome time been Dean of Canterbury, 

where he was beloved by the chapter and almofi adored 
by tilt? citizens. He was a very frequent preacher in 

the cathedral and inetropolitical church, where the 
w 1 iter ot this Ihoit (ketch has iidened to him with de¬ 

light, and ieen thouiands of people of very various de- 
fcriptions hang with rapture on his lips. As a preacher 
indeed he excelled ; aud not with flan ding the ihortnefs 
oi his fight, which deprived him of fome of the graces of 
a pulpit orator, fuch were the excellence of his matter, 
the Ample elegance of his dyle, and the fweetnefs of 
his voice, that, when at the primary vifitation of the pi e- 

fent archbifiiop, he preached his admirable fermoit on the 
Duty of Contending for the Faith, the attention of more 
than 2000 people was fo completely fixed, that the 

fmalleft noife \vas not to be heard through the whole 
crowded choir. Of the importance of preaching, and 
of the proper mode of performing that dutv, he had 
very juft notions ; and though he never had himfelf a 
parochial cure of fouls, it was the defire and pleafure of 
his life to make himfelf ufeful in the pulpit wherever he 
was, whether in town or in the molt obicure corner of 
the country. Four or five volumes of his fermons have 
been published fince his death. 

In the year j 787 he publidied, under themame: of an 
undergraduate of the univerlity of Oxford, a letter to Dr 
■Pneflley, in which he made that oracle of Socinianifm 
<ilmo.ll as ridiculous as, in the letter to Dr Smith, he 

had formerly made the hero of modern feeptieifm. ’ 

The merits of Dr Home, Which had made him pre- 
iident of Magdalen College, a king’s chaplain, and dean 
of Canterbury, railed him, we think, in the year 1700 

to the fee of Norwich ; and he had fcon an opportuni- 
ty of (hewing that he had not iafi fight of his fpiritual 
charader in the fplendour of the peer of parliament. 

1 he Scotch Epifcopalians had for (onie time been loli- 
citing the legiflature to repeal cert tin penal laws of un¬ 
common feverity, under which they had groaned for 

upwards of forty years ; but they found it a work of 

Episcopa- UO n djfficn ty,u’ make the «iuity of their claim ge- 
lians in nera y ^Lood*. I„ removing this dilHenlty no man 

was more afhihng to them than the Dean of Canter- 

* See 
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> to whom their religious and political principles Horn?, 

were well known ; and he continued his afMance after ~~—* 
he was bifiiop of Norwich. Indeed the whole bench 

(hewed, on this occafion, a zeal for the interefts of true 
religion every way becoming their chara&er of Chrif- 
tian hifhops ; and after Dr Horne was removed to a 

better world, the Scotch Episcopalians found among his 
furviving brethren friends as zealous and adive as he. 

Dr Horne, though a very handfome man, was not 
naturally of a drong conftitution ; and from the disad¬ 

vantage of being uncommonly near-fighted, he had not 
been able to incresfe its flrength by the pradice of any 

athletic exercife. The only amufement in which he 

took delight was agreeable converfation ; and his life 
was therefore what is called fedentary. The confe- 

quence of this was, that the infirmities of age came fait 
upon him ; and when the defign w'as formed of making 
him a bifiiop, he felt himfelf little inclined to undertake 
the charge of fo weighty an office. He was, however, 
prevailed upon to accept of the fee of Norwich ; but he 

enjoyed his new dignity for a very fiiort period, if he 
can with truth be fa id to have enjoyed it at all. Hi* 
health declined rapidly ; and, in the autumn of 1791, 
he fuffered, while on tue road from Norwich to Bath, 
a paralytic (Iroke, the e(Feds of which he never reco¬ 

vered. He lingered a month or two, with fuch appa¬ 

rent changes in the (late of his health as fonietjmes gave 

deluhve hopes to his family, till the 17th of January 
1792, when he died in*the 62d year of his age, with 
thole hopes which can be excited only by the confciouf* 
nefs of a well fpent life, and by a firm trull in the pro- 
mifes of the gofpel. 

In this ihort (ketch of the life of bifiiop Horne we 
have taken the liberty to exprefs our dififent from fome 

of his opinions, and to (late the reafons on which that 
di(i'eiit reils. By himfelf we know that this part of onv 

coiidud would have been applauded ; but it is poffible 
that by fome of his friends "it may be deemed difrefpedtr 
ful to his memory. To thefe gentlemen we beg leave 
to obferve, that if John fan made the praife of Ayr/, 

Pope's Man of Rois, really more folid by making it 

more credible, it will be difficult to perfuade 11s that*we 
liave done any injury to Dr Horne's fame by avoiding 

the extravagant panegyric of thofe who feem to have 
confidered him as a man exempted from et^ror. He 

was firll induced to favourMie Hutchinfonians becaufe 
he thought he perceived danger to religion in the New¬ 
tonian dodrines of attra&ion and repulfion; and we very 
readily admit that many Newtonians, not undemanding 

the dodrines of their maker, have expreiTed themfelres 
in fuch a manner as could not render a religious man 
partial to their fyftem. But from the dangers of mif¬ 

take, no fyftern, whether religious or philofo])hical, was 
ever free ; and the atheiflical purpofes which the agenev 
of ethers and ceiekial fluids has lately been made to 

ferve, mud induce every nun of piety'to paufe before 
he admit fuch agency. Dr Horne lived to witnefs fome 

of its pernicious efreds ; and we have reafon to believe 
that they made a due impreffion on his mind ; but lie 

fpent lus latter years, as indeed he had fpent the greater 
part of his hie, in nobler purfuits than the fludy of hu- 

man fcience ; he fpent thetn in the proper employments 

0 d * clergyman, and a bifiiop. His faith 
was uunded on a rock ; and it was that genuine faith 
which worketn by love; for though his preferments 

5^2 were 
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were rich* his charity kept pace with them ; and it 

has been proved that, notwitliftanding his proper eco- 

Hoven. nomy, he hoarded not one (hilling of his annual in- 
y—L/ come. This was an elevation of character above all li¬ 

terary, above all philofophical fame. The author of 

this article had the honour to be known to Dr Horne, 

to enjoy, if he miftook not, a (hare in his friendffiip, 
and to correfpond with him regularly for many years ; 

and there is not one of his rational admirers who more 

fully admits the truth of the character given of him by 
Dr Thurlow late bifhop of Durham when fucceeding 

him in the office of pro&or in the Uni verity. “ An to 

the lad pro&or (faid he) I (hall fpeak of him hut in few 
words, tor the truth of which I can appeal to all that 

are here prefent. If ever virtue itfelf was vifible and 
dwelt upon earth, it was in the perfon who this day 

lays down his office.” 
Soon after he was advanced to the prefidentfhip of 

Magdalen college, this great and good man married the 
only daughter of Philip Burton, Efq; a gentleman of 

confiderable fortune. By this lady he had three daugh* 
ters, of whom the elded was married to a clergyman a 
fhort time before the death of her father, and the two 

younger were, in 1796, refiding with Mrs Horne in 

Hertford (hire. 
HOROGRAPHY, the art of making or condruft- 

ing dials ; called alfo dialing, horologiography, gnomo- 

nica, fciatherica, photofciatherica, Sec. 
HOROPTER, in optics, is a right line drawn 

through the point where the two optic axes meet, pa¬ 

rallel to that which joins the centres of the two eyes, 

or the two pupils. 
HORSE-Shoe, in fortification, is a work fometimes 

of a round, fometimes of an oval figure, inclofed with a 
parapet-, raifed in the ditch of a marffiy place, or in low 
grounds ; fometimes alfo to cover a gate ; or to ferve as 

a lodgment for foldier.s, to prevent furprifes, or relieve 

an over-tedious defence. 
HOVEN is a word of the fame import with rau 

Jed,/welled, tumefied. It is particularly applied to black 
cattle and fheep, when from eating too voracioufly of 
clover, or any other fucculent food, they become fwol- 
len. Such cattle are, in the language of * the farmer, 

called 
HovEN-Cattle; and the bead, .whether bullock or 

fheep, which is hoven, when left without relief, dies in 

half an hour. The caufe of the difeafe is the extra¬ 
quantity of air taken down with that kind of food, 
which, in its paffage from the paunch upwards, forces 
the broad leaves of the clover before it, till they clofe 

up the paffage at the entrance of the paunch, and pre¬ 
vent the wind from going upwards in its regular courle. 

The ufual method of relief is to dab the animal in the 
paunch ; an operation which is always dangerous, and 
has often proved fatal. It was therefore, with good 

reafon, that the Society for the Encouragement of Arts, 
Manufa&ures, and Commerce, voted a bounty of fifty 

guineas to Mr Richard Eagar of Graffham farm, near 
Guildford, for making public a very fimple method 
pra<difed by him for the cure of lioven-cattle. It is 
this; “ let the grazier or farmer have always ready 

fmooth knobs of wood, of different fizes, fixed to the 
end of a flexible cane, which for oxen fhould be at lead 

fix feet long, and for fheep three feet. When a bead 

k hoven, let one perfon take hold of him by the noftril 
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and one horn ; let another hold his tongue fad in one Houghton*- 
hand, putting the cane down his throat with the other. w 
Be careful not to let the animal get the knob of the cane 

between his grinders ; obferve alfo to put the cane far 
enough down ; the whole length will not injure. You 

will find the obilacle at the entrance of the paunch : 
pufh the cane hard, and when you perceive a fmell to 
come from the paunch, and the animal’s body to fink, 

the cure is performed, and Nature will adt for itfelf.” 

This method, we doubt not, will prove fuccefsful ; 
but might not the piirpofe be as well, if not better, of¬ 
fered, by ufuig, indead of the cane and knob, a piece 
of thick difF rope, which, in many places of Scotland, 
is employed to force down turnips or potatoes when 
they dick in the throat of a bullock ? 

HOUGHTON ( -) is a man to whom the 
fcience of geography is fo much indebted, that we are 
almod afhamed to confefs that we know not his Chrif- 
tian name, the place where he was born, or the age at 

which he died. He had been a captain in the 69th re- y 
giment, and in the year 1779 had under General 
Rcoke as fort-major in the ifland of Goree. Hearing, 
fome time in the year 1789, or perhaps earlier, that the 
African affociation wifhed to penetrate to the Niger by 

the way of Gambia, he expreffed his willingnefs to un¬ 
dertake the execution of their plan. For this talk lie » 

was peculiarly fitted. A natural intrepidity of charac¬ 
ter which feemed inacceffible to fear, and an eafy flow 

of conditutional good humour, which even the roughed 
accidents of life were not able to fubdue, formed him 
for exploring the country of relentlefs favages; whilft 
the darknefs of his complexion was fuch, that he fcarce- 
ly differed in appearance from the Moors of Barbary, 

whofe drefs in travelling he intended to afiume. 
His inftru&ions from the affociation were, to afeer- 

tain the courle, and, if jpoffible, the rife and termination 
of the Niger; and after vifiting the cities of Tombuc- 
too and Houssa (fee tliefe articles in this Supplement); 
to return by the way of the defart, or by any other 

route which the circumdances of his fituation at the, 
time might recommend to his choice. 

Having left England On the 16th of Oftober 1790; 
lie arrived at the entrance of the Gambia on the joth 
of November, and was kindly received by the king of 

Barra, who remembered the vilit which the major had proceeding ; 
formerly paid him from the ifland of Goree ; and who^ the Afrl 

now, in return for a fmall prefent of the value of 20s/"” 

cheerfully tendered protection and affiflanee as far as**071, 
his dominion or influence extended. 

An offer from the mader of an Englifh veffel em¬ 
ployed in the trade of the river, enabled the Major, and 
the interpreter he had engaged on the coad, to proceed 

to Junkiconda; where he purchafed from the natives a 
liorfe and five affes, and prepared to pafs with the mer- 
cliandite which condituted his travelling fund, to Me¬ 
dina, the capital of the fmall kingdom of. Woolli. 

-Fortunately for him, a few words, accidentally drop¬ 

ped by a negro woman in the Mandingo language, of 
which he:had hadily acquired a fuperficial knowledge, 
excited fufpicions of danger; and gave him intimation 

of a confpiracy which the negro midreffes of the tra¬ 
ders, who feared that the Major’s expedition portended 
the ruin of their commerce, had formed againd his life. 
Afraid, therefore, of travelling by the cudomary route, 

he availed himfelf of the opportunity which the dry fea- 
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^£hton fon and the tide of ebb afforded of fwimming bis horfe 

and bis affes acrofs the ilreani ; and having by thofe 

means avoided the parties who were fent for his deffruc- 
tion, he proceeded with much difficulty on the fouthern 
lide of the river, to that diilridt of Cantor which is op- 

polite to the kingdom of Woolli, There he repafted 
the Gambia, and fet a meffenger to inform the king 
or his arrival, and to requeli a guard for his prote£fion. 

# An efcort, commanded by the king’s fon, was immer 
diately difpatched ; and the Major, whofe intended prc- 
fent had been announced, was kindly received, and hof- 
pitably entertained at Medina. 

1 he town is iicuated at the diftance of about 900 
miles by water from the entrance of the Gambia ; and 
the country adjacent abounds in corn and cattle, and, 

generally fpeaking, in all things that are requifite for 
the fupport, or effential to the comfort of life. Two 

uifferent fe£fs of religion difhnguifh rather than divide 
the people; the one is compofed of the profeffors of the 

Mahomedan faith, who are called Bufhreeus ^the other, 
and, it is faid, the more numerous, cor.fids of thofe 
who, denying the million of the prophet, avow them* 
felves rlpiflc n n A „ C A. _ * * • i felves deifls, and from their cuftom of drinking with 

freedom the liquors of which he prohibited the ufe, are 
denominated Sonikees or drinking men. 

Jn a letter from Major Houghton to his wife, which 
a feaman preserved, from the wreck of a veflel in which 
the difpatches to the fociety were loft, the Major in¬ 

dulged the reflections that naturally arofe from his pafl 
and prefent fituations. A bilious fever had attacked 
him foon after his arrival in the Gambia; but his health 

was now unimpaired—a confpiracy had affailed his life ; 
but the danger was palled—the journey from Junki- 

conda had expofed him to innumerable hardships; but 

he was now in pofleffion of every gratification which 
the kindntfs of the king or the hofpitality of the people 
could enable him to enjoy. Delighted with the healthi- 
nefs of the country, the abundance of the game, the fe- 
curity with which he made his excurfions on horfeback, 
and, above all, with the advantages that would attend 
the ere&ion of a fort on the falubrious and beautiful 
hill of Fatetenda, where the Englifti once had a fa&ory, 
he expreftes his earneft hope that his wife will hereafter 
accompany him to a place in which an income of ten 
pounds a-year will fupport them in affluence; and that 
flie will participate with him in the pleafure of rapidly 
acquiring that vaft wealth which he imagines its com¬ 
merce will afford. 

While, in this manner, he indulged the dream of fu¬ 

ture profperity, and with Hill more ample fatisfa&ion 
contemplated the eclat of the difeoveries for which he 
was preparing, but in the purfuit of which he was re¬ 
tarded by the abfence of the native merchant, for 
whofe company he had engaged, he found himfelf fud. 
denly. involved in unexpe&ed and irrefiftible misfortune. 
A fire, the progrefs of which was accelerated by the 
bamboo roofs of the buildings, confumed with fuch ra¬ 
pidity the houfe in which he lived, and with it the 

greateft part of Medina, that feveral of the articles of 
merchandize, \o which he trufted for the expences of 
his journey, were deftroyed ; and to add to his afflic¬ 
tion, his faithlefs interpreter, who had made an ineffec¬ 
tual attempt on his goods, difappeared with his horfe 
and three of his affes; a trade gun which he had pur- 

chafed on the river foon afterwards burft in his hands, 
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and wounded him In the face and arm : and though the Houghton. 
hospitable kmdnefs of the people of the neighbour;,,--1-- 

town of Barraconda, who cheerfully opened their 
oufes to more than a thoufand families, whofe tene¬ 

ments the flames had confumed, was anxioufly exerted 
for his relief ; yet the lofs of his goods, and the confe- 

cnent diminution of his travelling fund, were evils 
which no kindnefs could remove. 

It was in this fituation that, wearied with the fruit- 
lefs hope of the return of the native trader, with whom 

he had contraaed for his journey, he refolved to avail 
tunnel f of the company of another flave merchant, who 
was lately arrived from the font!,, and was now on his 

way to his farm on the frontier of the kingdom of 
Jjarnbouk. Accordingly, on the evening of the 8th 

of May, he proceeded by moon light and on foot, with 
his two afles, whic.h the fervants of the flave merchant 

o tiered to-drive with their own, a id which carried the 
wieck of his fortune ; and journeying by a north-eaft 
courle arrived on the fifth day at the uninhabited fron¬ 
tier which feparates the kingdoms of Woolli anil Bon- 
GOIL 

He had now patted the former limit of European. 
(11Icovery ; and while he remarked with pleafure the 

numerous and extenfive population of this unvifited 
country, he obferved, that the long black hair and 

copper complexion of the inhabitants announced their 
Arab original They are a branch of that numerous 
tribe which, under the appellation of Foolies, have over, 

fpread a confiderable part of Senegambia ; and their 
religious diftinftions are fimilar to thofe which prevail 
m the kingdom of AVoolli. 1 

A journey of ,50 miles, which was often interrupt¬ 
ed by the engagements of his companion who traded 
in every town, conducted him to the banks of the Fa- 

emc, the fouth-weftern boundary of the kingdom of 
Bambouk. Its ftream was exhausted by the advanced 
Rate of the dry feafon, and its bed exhibited an ap- 
pearance of ftate intermixed with.gravel. ^ 

Bambouk is inhabited by a nation,, whofe wocllv 
hair and fable complexions befpeak them of the nemo 
race, but whofe character feems to be varied in pronor. 

t/omas the country nfes from the plains of its weftern 
divifton to jhe highlands of the call. Diftinguiihed 
nto fefts, like the people of Woolli and Bondou, by 

the different tenets of Mahomedans and Deifts, thev 
are equally at peace with each other, and mutually to¬ 
lerate the refpe&ive opinions thev condemn 

Agriculture and pallurage, as in the negro ftates 
on the coaft of the Atlantic, are their chief occupa¬ 
tions; but the progrefs which they have made in the ma- 

nufaflurmg arts, is fuch as enables them to fmelt their 
iron ore, and to fiirmih the feveral inftruments of huf- 

bandry and war. Cloth of cotton, on the other hand, • 
which in this part of Africa feems to be the univerfa 

wear, they appear to weave by a difficult and laborious 
procefs > and to thefe two circumftances it is probably 
owing, that with then, the meafure of value is not! as 
on the coaft, a bar of iron, but a piece of cloth. 

The common vegetable food of the inhabitants ap¬ 
pears to confift of rice; their animal, of beef or mut¬ 

ton. A hquor, prepared from fomented honey, fun- 
plies the want of wine, and furniffies the means of thofe 

the luxury of the 
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Oil the Major’s arrival at the banks of the river Fa- 

lemo, he found that the war which had lately fulffifted 

between the kings of Bondou and Bambouk was ter- 
m mated by the ceffion to the former of the con quells 

be had made in the low land part of the dominions of 

the latter ; and that the king of Bondou had taken up 
his refidence in the territory which he had thus ob¬ 

tained. 
The Major haftened to pay his refpe&s to the vic¬ 

torious prince, and to offer a ffmilar prefent to that 

which the kings of Barra and Woolli had cheerfully 
accepted ; but to his great difappointment an ungra¬ 
cious reception, a fullen permiffion to leave the prelent,£ 
and a Hern command to repair to the frontier town 
from which he came, were followed by an intimation 

that he Ihould hear again from the king. According¬ 
ly, on the next day, the king’s fon, accompanied by an 
armed attendance, entered the lioufe in which the Ma¬ 
jor had taken up his temporary dwelling, and demand¬ 

ed a fight of all the articles he had brought. From 
thefe the prince fele&ed whatever commodities were 
bell calculated to gratify his avarice, or pleafe his eye ; 
and, to the Major’s great difappointment, took from 

him the blue coat in which he hoped to make his ap¬ 
pearance on the day of his introdu&ion to the Sultan 
of Tombu&oo. Happily, however, a variety of ar¬ 

ticles were fuccefsfully concealed, and others ol inferior 
value were not cOnfidered as fufficiently attractive. 

The Major now waited with impatience for the per¬ 

formance of the promife which the Have merchant, with 
whom he had travelled from the Gambia, had made of 

proceeding with him to Tombudloo ; but as the mer¬ 
chant was obliged to fpend a few days at his rice farm 
on the banks of the Faleme, the Major accepted an in¬ 

vitation to the liofpitality of his roof. There he ob- 
ferved, with extreme regret, that the apprehenfion of a 

fcarcity of grain had alarmed his friend ; and that, 
dreading the confequences of leaving his family in fo 

perilous a feafon to the chances of the market, he had 
determined on colleCling, before his departure, a fuf- 

fieient fupply for their fnpport. This argument for 
delay was too forcible to be oppofed ; and therefore 
the Major refolved to employ the interval in vifiting 

the kinfr of Bambouk, who refided in the town of Fer- 

banna, on the eaftern fide of the Serra Coles, or river of 
Gold. Unfortunately, however, by a miftake of his 

guide, he loft his way in one of the vaft woods of the 
country ; and as the rainy feafon, which commenced 
with the new moon on the 4U1 of July, and was intro¬ 
duced with awefterly wind, was now fet in, the ground 
on which he paffed the night was deluged with rain, 

while all the fky exhibited that continued blaze of 
lightning, which in thofe latitudes often accompanies 
the tornado. Diftrefled by the fever, which began to 
a flail him, the Major continued his route at the break 
of day, and waded with difficulty through the river 
Serra Coles, which was fwelled by the floods, and 
on the banks of which the alligators were balking in 

the temporary fnn-fhine. 
Scarcely had he reached Ferhanna when his fever 

rofe to a height that rendered him delirious ; but the 
ftrength of his conftitution, and the kindnefs of the ne- 

ftro family to which his guide had conduced him, fur- 
mounted the dangerous difeafe ; and in the friendly re¬ 

ception which was given him y the king erf Bambouk 

he foon forgot the hardlhips of his journey. The king Houghto*^ 
informed him, that the Ioffes he had lately fuftalned in v—" 

the conteft with the armies of Bondou, arofe from his 
having exhaufltd his ammunition ; for, as the French 

traders, who formerly fupplied his troops, Bad aban¬ 
doned the fort of St Jofeph, and, either from the dry - 

nefs of the laft feafon, or from other caufes, had defert- 
ed the navigation of the upper part of the Senegal, he 
had rso means of replenifliing his (lores ; whereas his e- 

nemy, the king of Bondou, continued to receive from 
the Britilh, through the channel of his agents on the 
Gambia, a conftant and adequate fupply. 

Major Houghton availed himfelf of the opportunity 
which this converfation afforded, to fuggeft to the 
king the advantage of encouraging the Britilh to open 

a trade by the way of his dominions to the populous 

cities on the banks of the Niger. 
Such was the (late of the negociation, when all bufi- 

nefs was fufpended by the arrival of the annual prefents 
of Mead, which the people of Bambouk, at that feafon 
of the year, are accuftomed to fend to their king ; and 

which are always followed by an intemperate feftival of 

feveral fucceffive days. 
In the interim, the Major received, and gladly ac¬ 

cepted, the propofal of an old and refpt dlable merchant 
of Bambouk; who offered to conduct him on horfe- 
back to Tombu&oo, and to attend him back to the 
Gambia. A premium of L. 125, to be paid on the 
Major’s return to the Britilh factory at Junkiconda, 
was fixed by agreement as the merchant’s future re¬ 
ward. It was further determined that the Major 

fliould be furnifhed with a horfe in exchange for his 
two affes ; and Ihould convert into gold duft, as the 
moil portable fund, the fcanty remains of the goods he 

had brought from Great Britain. 
This plan was much approved by the king, to whom, 

the merchant was perfonally known; and who gave to the 
Major at parting, as a mark of his efteem, and a pledge 

of his future friendfhip, a prefent of a purfc of gold* 
With an account of thefe preparations the Major clofed 

his laft difpatch, of the 24th July 1791 ; and the A- 
frican affociation entertained for feme time fanguine 

hopes of his reaching Tombu&oo. Alas ! thefe hopes 
were hlafted. Mr Park, who fucceeded him in the ar¬ 

duous talk of exploring that favage country, learned, 
that having reached Jarra (See that article in this 

Supplement), he there met with fome Moors who were 
travelling to Tiffieet (a place by the fait pits in the 
Great Defart, ten days journey to the northward) to 
purchafe fait ; and that the Major, at the expeuce of 
fome tobacco and a mulket, engaged them to convey 
him hither. It is impoffible (fays Mr Park) to form 
any other opinion on this determination, than that the 

Moors intentionally deceived him with a view to rob, 
and leave him in the Defart. At the end of two days 
he fufpe&ed their treachery, and infilled on returning 
to Jarra. Finding him periift in this determination, 
the Moors robbed him of every thing which he poffefs- 

ed, and went off with their camels. Being thus defert- 
ed, he returned to a watering place, in poffeilion of the 
Moors, called Farra; and being by thefe unfeeling 
wretches refufed food, which he had not tailed for fome 

days, he funk at laft under his misfortunes. Whether 
he actually died of hunger, or was murdered outright 

by the fayage Mahometans, Mr Park could not learn ; 
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Houfla. but he was (hewn at a diftance the fpot in the woods buftoo and his minifters ; for in Honda, Mr Park was Houfla, 

to which his body was dragged, and where it was left told that the Negroes are in greater proportion to the Houzou- 

a prey to corruption. . # Moors than in Tombu&oo, and that they have like- » an*fc f 
Thus perifhed, in the prime of life, Major Houghton, wife fome fhare in the government. According to ac- '* v 

a man whofe travels enlarged the limits of European counts derived from Barbary merchants, the people of 

difcovery, and whofe accounts of the places which lie Houfla have the art of tempering their iron with more 
vifited were firongly confirmed by the intelligence which than European /kill; and their files, in particular, are 
the Britifh conful at Tunis colledled from the Barbary much fuperior to thofe of Great Britain and France. 

^unTTccA The confuls at Tunis and Morocco allured the com* 
HOUbbA, the capital of an African empire, on the mittec of the African AfTociatioo, that at both thefe 

banks of the Niger, is a city which has excited much courts the eunuchs of the feraglio arc brought from 
curionty among men of fcience, fmce it was firft men- Houfla. 
tioued to a committee of the African Afiociation about 
the year 1790. The perfon from whom they received 
their information was an Arab, of the name of Shabeni; 

who faid that the population of Houfla, where lie had 
refided two years, was equalled only (fo far as his know¬ 
ledge extended) by that of London and Cairo: and, 
in h:s rude unlettered way, he defcribed the govern¬ 

ment as monarchical, yet not unlimited ; itsjufticeas 
fevere, but dire&ed by written laws; and the rights of 
landed property as guarded by the inflitutions of cer¬ 
tain hereditary officers, whofe fun&ions appear to be fi- 
milar to thofe of the Canon goes of Hindoftan (fee Ca- 

fongoss in this Supply; and whofe important and com¬ 
plicated duties imply an unufiial degree of civilization 
and refinement. For the probity of the merchants of 
Houfla, the Arab exprefled the higheft refpeft; but re¬ 
marked, with indignation, that the women were admit¬ 
ted to fociety, and that the honour of the hufband was 
often infecure. ^ Of their written alphabet, he knew no 

more than that it is perfedlly different from the Arabic 

and the Hebrew charadlers; but he reprefented the art 
of ^writing as common in Houfla. And when he de¬ 
fcribed the manner in which their pottery is made, he 
gave, unknowingly to himfelf, a representation of the 
ancient Grecian wheel. In pafiing to Houfla fiom 

Tombudloo, in which laft city he had refided feven 
years, he found the banks of the Niger more numerouf- 
ly peopled than thofe of the Nile, from Alexandria to 
Cairo; and his mind was obvioufly imprefled with higher 
Heas of the wealth and grandeur of the empire of 
Houfla, than of thofe of any kingdom which he had 
ieen, England alone excepted. 

The exiftence of the city of Houfla, and of the em¬ 
pire thus defcribed by Shabeni, was firongly confirmed 
by letters which the committee received from his Majef- 

ty’s confuls at Tunis and Morocco; and it has been 
put beyond all poflibility of doubt by Mr Park, who re¬ 

ceived from various perfoas fuch concurring accounts of 
it, as could not be the offspring of deliberate falfehood. 

From a well-informed fhereeff, who had vifited Houfla, 
and lived fome years at Tombudloo, he learned that the 
former of thefe cities was the larged that the fhereeff had 
ever feen ; and by comparing this man’s account of its 
population with that of various other cities, of which 
Mr Park had feen one or two, we can hardly efti- 
mate the inhabitants of Houfla at a left number than 

300,000. Many merchants, with whom our traveller 
eonverfed, reprefented Houfla as larger, and more po¬ 

pulous, than Tombudloo, and the trade, police, and 
government, as nearly the fame in both. In that cafe, 

the king* of Houfla and chief officers of (late mull be 

Moors, and zealots for the Mahometan religion ; but 

they cannot be fo intolerant as the fovereign of Tom- 

To thofe who may Hill entertain doubts of fo much 

refinement being to be found in 'he interior parts of a 
country, confidered as peculiarly favage, we fhall only 

obferve, in the words of the committee of affociation, 
that it is by no means “ impoflible that the Carthagi¬ 
nians, who do not appear to have perifhed with their 
cities, may have retired to the fouthern parts of Afri¬ 

ca ; and though loll to the JDefart, may have carried 
with them to the new regions which they occupy fome 
portion of thofe arts and fciences, and of that commer¬ 

cial knowledge, for which the inhabitants of Carthage 
were once fo eminently famed. In Major Rennel’s lad 

map of North Africa, Houfla is placed in i6Q and about 
2<y N. Lat. and 40 3c' E. Long. 

HOUZOUANAS, are a wandering people, who 
inhabit that part of Africa, which, in a diredtion from 
eaft to weft, extends from Cafftaria to the country of 

the Greater Nimiquas (See Nimiquas in this Suppl.) 
According to the map prefixed to Vaillantft new 
travels, the diftridt occupied by the Houzouanas lies 

between 160 and 290 eaft longitude. Of its breadth 

from fouth to north we are ignorant, but it begins ac 

the 23d parallel, and ftretches northward probably 2, 
great way. 

M. Vaillant is inclined to believe, that the Houzoua¬ 
nas 3re the original (tern of the various nations, inhabit¬ 
ing at prefent the fouthern part of Africa, and that 
from them all the tribes of the eaftern and weftera 

Hottentots are defeended. The people themfelves know 
nothing of their origin ; but to the queftions that are 

put to them 011 the fnbjedl, they always reply, that 

they inhabit the country which was inhabited by their 
ancdlors. At the Cape M. Vaillant received the fol¬ 
lowing account of them, which, though lie does not 

warrant its authenticity, has much the appearance of 
being authentic. 

When the Europeans firft eftablifhed themfelves at 
the Cape, the Houzouanas inhabited the country of 

Camdebo,• the fnowy mountains, and the diftridl that 
feparates thefe mountains from Caffraria. Become 
neighbours to the colony, in confequence of its extend¬ 
ing itfelf towards them, they at firft lived 011 peaceable 
terms with the planters ; and, as they difplayed more 
intelligence and greater adivity than the Hottentots, 
they were even employed in preference to affift in culti¬ 

vating the land and in forming the fettlement. This good 
under Handing and harmony were, however, foon inter¬ 

rupted hy that multitude of lawlefs banditti fent fronj. 
Holland to people the country. 

Thofe wort hie ft profligates wiftied to, enjoy the frukr 
of the land without the trouble of tilling it. Educa¬ 

ted. befides, with all the prejudices of the whitqs, they 

imagined that men of a different colour were born only*' 
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to b_e their, Havef. They accordingly fubjeCteJ them 
to bondage, condemned them to the nioft laborious Ser¬ 
vices, and repaid thofe Services with harfli and Severe 
treatment. The Houzouanas, incenSedut Such arbitra¬ 

ry and tyrannical conduct, refuSed any longer to work 

for them, and retired to the defiles of their mountains. 
The planters took up arms and purfued them ; they 
maffacred them without pity, and Seized on their cattle 

and their country. ThoSe who efcaped their atrocities 

betook themfelves to flight, and removed to the land 
which they now occupy ; but, on quitting their Sormer 
poffefirons, they Swore, in their own name and that of 

their pofterity, to exterminate thofe European monfters, 
to be revenged again ft whom they had So many incite¬ 
ments. And thus, if tradition be true, was a peaceful 

and induftrious nation rendered warlike, vindictive, and 

ferocious. 
This hatred has been perpetuated from generation to 

generation, though the Houzouanas of the prefent day 

are ignorant of the original caufe of it. Bred up with 
an invincible averfion to the planters, they know only 
that they are animated to plunder and deftroy them ; 
but it is only by a vague Sentiment of deteftation, with 
the Source of which they are unacquainted; and which, 
though it renders them cruel towards the planters, does 

not prevent them from being good, kind, and humane, 

towards each other. 
The Houzouanas, being known only by their incur- 

fions and plundering, are in the colonies often confound¬ 
ed with the Bofhmen, and diftinguifhed by the fame ap¬ 

pellation. Sometimes, however, from their tawny co¬ 
lour, they are called Chinefe Hottentots; and, by means 
of this double denomination, ill-informed travellers may 

^afily be led into an error, of which the confequence 
mull be, that their narratives will be replete with ab- 

furdity and falfehoods. 
Their real name, and the only one which they give 

themfelves, is that of Houzouana; and they have no¬ 
thing in common with the Boftimen, who are not a 

diftinCt people, but a mere collection of fugitives and 
free-booters. The Houzouanas form no alliances but 
among themfelves. Being almoft always at war with 
the furrounding nations, they never mix with them ; 

and, if they confent at any time to admit a ftranger in¬ 
to their hordes, it is only after a long acquaintance, a 
fort of apprenticefhip, during which he has given proofs 
of his fidelity, and eilablifhed his courage. Such in¬ 
deed are their courage and predatory habits, that they 

are the dread of all the furrounding tribes ; and the 
Hottentots who accompanied M. Vaillant trembled at 
the very thought of entering the Houzouana territo¬ 
ries. Nay, after they had lived many days among 
them, and had experienced their fidelity, they conti¬ 

nued under the daily apprehenfion. of being maffacred 
by them. Yet one of their own countrymen, who had 
lived long among the Houzouanas, gave fuch a charac¬ 

ter of that people as ftiould have banifhed thofe idle 

fears. • 
“ The Houzouanas (faid he), are by no means what 

you fuppofe them to be, murderers by profefiion. If 
they fometimes (bed blood, it is not from a third of 
carnage, but to make juft reprifals that they take up 
arms. Attacked and perfecuted by furrounding na¬ 

tions, they have found themfelves reduced to the ne- 
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ceffity of flying to inacceffible places among t!*e barren Honrcn> 

mountains, where no other people could exift. 
66 If they find antelopes and damans to kill ; if the 

nymphs of ants are abundant ; or if their good fortune 
brings them plenty of loculi3 — they remain within the 
precinCt3 of their rocks ; but if the provifiens neceffary 

to fubfiftence fail, the nations in their neighbourhood 
muft fuffer. From the fummits of their mountains, 

they furvey at a diftance the countries around ; and if 
they obferve cattle, they make an incurlion to carry 
them off, or daughter* them upon the fpot, according 

to circumftances; but though they rob, they never kill, 
except to defend their lives, or by way of retaliation to 
revenge an ancient injury. 

“ It happens fometimes, however, that after very fa¬ 

tiguing expeditions they return without booty ; either 
-becaufe the objects of their attack have difappeared, or 
becaufe they have been .repulfed and beaten. In fuch 
cafes, the women, exafperated by hunger and the la¬ 
mentation of their children crying for food, become al¬ 

moft furious with paflion. Reproaches, infult, and 
threats, are employed ; they wi(h to feparate from fuch 
daftardly men, to quit hufoands deftitute of courage, 

and to leek others who will be more anxious to pro¬ 
cure provifion for them and their children. In fhort, 
having exhaufted whatever rage and defpair could fug¬ 

ged, they pull off their fmall apron of mpdefty, and beat 
their hufoands about the head with it till their arms are 

weary of the exercife. 
*• Of all the affronts which they can offer, this is the 

moil infulting. Unable to withftand it, the men in 
their turn become furious. They put on their war- 

cap, a fort of helmet made with the ikin that covers 
the neck of the hyaena, the long hair of which forms a 

creft that floats over the head, and fitting-out like 
madmen, never return till they have fucceeded in carry¬ 

ing off fome cattle. 
“ When they come back, their wives go to meet 

them, and extol their courage amidft the fondeft ca- 

reffes. In a word, nothing is then thought of but 
mirth and jollity ; and, till fimilar feenes are recalled by 
fimilar wants, pail evils are forgotten/' 

Such was the character given of this formidable 
people to M. Vaillant at bis firft interview with them ; 
and during the long excurfions which he made in their 

company, they did not belie it in a Angle inftance. Ia 

many refpeCts they appeared to refemble the Arabs, 
who, being alfo wanderers, and like them brave and 
addicted to rapine, adhere with unalterable fidelity to 
their engagements, and. defend, even to the laft drop of 
their blood, the traveller who civilly purchafes their 
fervices, and puts himfelf under their protection. In 

our author’s opinion, if it be at all practicable to tra- 
verfe from fouth to nortlfthe whole of Africa, it could 

only be under the conduCt of the Houzouanas ; and he 
really thinks that fifty men of their temperate, brave, 
and indefatigable nation, would be fufficient to proteCt 
an enterpriling European through that long and ha¬ 

zardous journey. 
Yet thefe people, fo fuperior both in body and mind 

to the other natives of South Africa, are but of low 

ftature ; and a perfon five feet four inches in height is 
accounted among them very tall; but in their little bo¬ 
dies, perfectly well proportioned, are united, with fur- 

prifing 
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priting ftrength and agility, a certain air of aiTurance, 

.boldnefs, and haughtinefs, which awes the beholder, 
and with which our author was greatly pleafed. Of 
all the favage races, .be faw none that appeared to be 

endowed with fo adlivea mind, and fo hardy a conftitu- 
tion. 

7 ^ie^r though it exhibits the principal charac* 
teriftics of that of the Hottentot, is, however, rounder 
towards the chin. They are alfo not fo black in com¬ 
plexion ; but have the lead colour of the Malays, dif- 

tinguifhed at the Cape by the name of bouguinee. 
Tiieir hair, more woolly, is fo fhort, that he imagined 
at fir ft their heads to have been fiiaved. The nofe too 

is ftill flatter than that of the Hottentots ; or, rather, 

they feem altogether deftitute of a nofe ; what they 
have con lifting only of two broad noftrils which pro¬ 
ject at moft hut five or fix lines. From this confirma¬ 
tion of the nofe, a Houzouana, when feen in profile, is 

the reverfe of handfome, and confiderably refembles an 
ape. When beheld in front, he prefents, on the firft 
view, an extraordinary appearance, as half the face fvems 
to be forehead. The features, however, are fo expref- 
five, and the eyes fo large and lively, that, notwith¬ 

standing this fingularity of look, the countenance is to¬ 
lerably agreeable. 

As the heat of the climate in which he lives renders 
clothing unneceffary, he continues during the whole 
year almoft entirely naked, having no other covering 
than a very fmall jackal fkin faftened round his loins 
by two thongs, the extremities of which hang down to 
his knees. Hardened by "this conftant habit of naked- 

nefs, he becomes fo infenfible to the variations of the 
atmofphere, that when he removes from the burning 
fands of the level country to the fnow and noar-froft of 
his mountains, he feems indifferent to and not even to 
feel the cold. 

His hut in .nowife refembles that of the Hottentot. 
It appears as if cut vertically through the middle ; fo 
that the hut of a Hottentot would make two of thofe 

©f the Houzouanas. During their emigrations, they 
leave them (landing, in order that, if any other horde 
of the fame nation pafs that way, they may make ufe 
of them. When on a journey, they have nothing to 

repofe on but a mat fufpended from two flicks, and 
placed in an inclined pofition. They often even fleep 

on the bare ground. A projeding rock is then fuffi- 
cient to (belter them ; for every^ thing is fuited to a 
people whole couftitutions are proof againft the fevered 
fatigue. . If, however, they flop anywhere to fojourn 

for a while, and find materials proper for conftrudling 
huts, they then form a kraal; but they abandon it on 
their departure, as is the cafe with all the huts which 
they ere&. 

This cuftom of labouring for others of their tribe 
announces a focial charadler and a benevolent difpofi- 
tion. They are indeed not only aftedionate hufbands 
and good fathers, but excellent companions. When 
they inhabit a kraal, there is no fuch thing among them 

as private property ; whatever they poffefs is in com¬ 
mon. If two hordes of the fame nation meet, the re¬ 
ception is on both fjdes friendly ; they afford each o- 
ther mutual protedlion, and confer reciprocal obliga¬ 
tions. In fhort, they treat one another as brethren, 

though perhaps they are perfed ftrangers, and have 
Siever feen each other -before. 

Suppi*. Vol. I. Part II. 

] H O U 
AAive and nimble by nature, the Houzouanas con- 

liner it as amufement to climb mountains, and the moft 

elevated peaks; and they conduced M. Vaillant, his 

S;iarrd^deiTer Prec'Pit:cs* and through defiles, 
ich he and his Hottentots would have deemed abfo- 

lutely impaffable. The only arms of this people are 

bows and arrows, m the ufe of which they are very ex¬ 

pert. 1 he-arrows, which are uncommonly fhort, arc 
earned on the (boulder in a quiver, about 18 inches in 
length, and four in diameter, made of the bark of the 

aloe and covered with the (kin of a large fpecies of li- 

f. i’ 7 "C 1 l,hefe wanderers find in all their rivers, par- 
ticularly on the banks of Orange and Filh River. 

Nocturnal fires are a peculiar language underftood 
and employed by almoft all favage nations None, how. 
ever, have carried this art fo far as the Houzouanas, 

becaufe none have fo much need of unde, (landing and 

bringmg n to perfedion. If it be neceflary to announce 
a defeat or a viftory, an arrival or departure, a fuccefs. 
tul plundering expedition, or the want of alfillance, in 

a word, any intelligence whatever, they are able, either 
by the number of their fires or the manner in which they 
ai range them, to make it known in aii inftant. Thev 

are even fo fagacious as to vary their fires from time to 

time, left them enemies (hould become acquainted with 
t leir fignals, and treacheroufly employ them in their 
turn to iurprife them. 

Our author fays that he is unacquainted with the 
principles of thefe fignals, invented with fo much inge¬ 

nuity. He did not requell information; becaufe be 
very rationally inferred that his requeft would not have 

«eetKg!rftted ! brU llC obfervcd> tlm three fires kindled 
at the d,fiance of twenty paces from each other, fo as 

to form an equilateral triangle, were the fignal for rally- 
lllg. 

Among the pliyfical qualities which, in M. Vaillant’s 
opinion, prove that the Houzouanas are a diflinft na¬ 
tion, he mentions the enormous natural rump of the 

women, as a deformity which dillinguifties them from 
every other people, favage or policed, which he had 
ever known. “ I have feveral times (fays he) had oc- 

cahon to remark, that, among the female Hottentots in 
geneva1, as they advance ,n age, the inferior part of the 
back (wells out, and acquires a fize which it greatly 
exceeds the proportion it bore in infancy with the other 

parts pf the body. The Houzouana women, hav.W 
in their figure fome refemblance to the Hottentots, and 

appearing therefore to be of the fame race, one might 
be induced to believe that thpiV i. l • , • 

Houz.iu- 

i " • j ^ one miQfht 
be induced to believe that their projection behind is 
only the Hottentot rump more fwelled and extended 

I obferved, however, that among the former this fin! 

gulanty was an excrefccnce of flow growth, and in fome 
meafure an infirmity of old age ; whereas among the 

latter it is a natural deformity, an original characlerif- 
tic of their race. The Houzouana mothers wear on 
their rems, like our miners, a fl<in which covers this 

protuberance of the polleriors; but which, being thin 
and pliable, yields to the quivering of the fie(h, and be 

comes agitated tn the fame manner. When on a jour- 

ney or when they have children too young to follow 
them, they place them upon their rump. I faw one of 

tlufe women run in this manner with a child about 

three years of age, that: flood ereft on its feet’at her 
back, like a footboy behind a carriage.” 

It one half ol what our traveller fays of the aftivity 
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Hungary- and enterprifing fpirit of this fingular people be true, 

t wa*er‘ might not the African AfTociation lend a fecund Hough- 
v ton, or fecond Park, to make difcoverits in that unex¬ 

plored country, under the protection ot the Houzoua- 

nas? We do not indeed think that it would be poffible 

to traverfe the whole extent of Africa from fouth to 
north, but Vaillant penetrated farther in that direction 

v than any one had done before him; and it appears that 
with his intrepid Houzouanas he might have penetrated 

much farther. 
HUNGARY-water, is fpirit of wine diddled up¬ 

on rofemary, and which therefore contains its oily and 

ftrong-feented effence (fee Pharmacy, n° 365. Encycl.) 

Bift. cfln- To be really good, fays Proftffor Beckmann, the fpirit 
mentions, of wine ought to be very ftrong, and the rofemary frefh; 

and if that be the cafe, the leaves are as proper as the 
flowers, which, according to the prefeription of fome, 
fhould only be taken. It is likewife neceflary that the 
fpirit of wine be diftilled feveral times upon the rofe¬ 
mary ; but that procefs is too troublefome and expen- 
five to admit of this water being difpofed of at the low 
price it is ufually fold for; and it is certain that the 
greater part of it is nothing elfe than common brandy 
united with the effence of rofemary in the fimpleft man¬ 
ner. In general, it is only mixed with a few drops of 

the oil. For a long time paft, this article has been 
brought to us principally from France, where it is pre¬ 
pared, particularly at Beaucaire, Montpelier, and other 

places in Languedoc, in which that plant grows in 

great abundance. 
The name Hungary water feems to fignify, that this 

water, fo celebrated for its medicinal virtues, is an Hun¬ 
garian invention ; and we read in many books, that the 
receipt for preparing it was given to a queen of Hun¬ 

gary by a hermit ; or, as others fay, by an angel, who 
appeared to her in a garden, all entrance to which was 
{hut, in the form of a hermit or a youth. Some call 
the queen St Ifabella; but thofe who pretend to be belt 
acquainted with the circumstance affirm, that Elizabeth, 

wife of Charles Robert king of Hungary, and daugh¬ 
ter of Uladiflaus II. king of Poland, who died in 138b 

or 1381, was the inventrefs. By often wafhing with this 
fpirit of rofemary, when in the 70th year of her age, 
Hie was cured, as we are told, of the gout and an uni- 

verfal lamenefs ; fo that fhe not only lived to pafs 80, 

but became fo lively and beautiful, that fhe was courted 
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by the king of Poland, who was then a widower, and 
who wifhed to make her his fecond wife. 

The Profeffor juftly confiders this {lory as a ridicu¬ 
lous fable (a). “ It appears to me (fays he) moft pro¬ 
bable, that the French name I’eau de la reine d*Hongrie, 
was chofen by thofe who, in latter times, prepaied fpi* 
rit of rofemary for fale, in order to give greater confe- 
quence and credit to their commodity ; as various me¬ 
dicines, fome years ago, were extolled in the gazettes 
under the title of Pompadour, though the celebrated 
lady, from whofe name they derived their importance, 
certainly neither ever faw them nor ufed them.” 

HUNTER (John), the celebrated furgeon, was the 

youngefl child of John Hunter of Kilbride, in the coun¬ 
ty of Lanark. He was born on the 14th of July 1728, 
at Long Calderwood, a fmall eftate belonging to the 

family ; and lofing his father when he was about ten 
years of age, he was perhaps too much indulged by his 
mother. One confcquence of this was, that at the gram¬ 
mar-fchool he made no progrefs in learning; and he 
may be faid to have been almoft totally illiterate when, 
in September 1748, he arrived in London. His bro¬ 
ther, Dr William Hunter, of whom an account is gi¬ 

ven in the Encyclopedia, was then the moll celebrated 
teacher of anatomy, and John had expreffed a defire to* 
affiit him in his researches. The Doctor, who was very 
defirous to ferve him, and anxious to form fome opi¬ 
nion of his talents for anatomy, gave him an ivm to 
difleCt for the mufclcs, with the neceflary directions 
how it was to be done ; and he found the performance 

fuch as greatly exceeded his expectation. 
His firft effay in anatomy having thus gained him 

fome credit, Mr Hunter was now employed in a diflec¬ 
tion of a more difficult nature ; tins was an arm in 
which all the arteries were injected, and thefe, as well 
as the mufcles, were to be expofed and preferved. The 
manner in which this was performed, gave Dr Hunter 
fo much fatisfaCtion, that he did not fcruple to fay 
that his brother would become a good anatomift, and 

that he fhould not want for employment. From this 
period we may conflder Mr Hunter as having ferioufly 
engaged in anatomy ; and under the inftruCtions of Dr 
Hunter, and his affiftant Mr Symonds, he had every 
opportunity of improvement, as all the difleCtions at 

this time carried on in London were confined to that 

fchool. 
In 

Hunter*. 
—v——J 

(a) It was firft publiftied to the world in 1659 in a pofthumous work of John Prevot, who fays, that in the 

beginning of a very old breviary, he faw a remedy for the gout, written by the queen’s own hand, in the follow- 

ing^words^beth^ en Qf Hungary, being very infirm and much troubled with the gout in the 7_2d year of my 

age, ufed for a year this receipt, given to me by an ancient hermit, whom I never faw before nor fince ; and wa» 
not only cured, but recovered my ftrength, and appeared to all fo remarkably beautiful, that the king of Poland; 

afked me in marriage, he being a widower and I a widow. I, however, refufed him for the love of my Lord Je- 

fus Chrift, from one of whofe angels, I believe, J received the remedy. The receipt is as follows: 

“ Take of aqua vita?, four times diftilled, three parts, and of the tops and flowers of rofemary two parts 
put thefe together in a clofe veflel, let them Hand in a gentle heat 50 hours, and then diftil them. Take 
one dram of°this in the morning once every week, either in your food or drink, and let your face and the 

difeafed limb be wafhed with it every morning. 

It renovates the ftrength, brightens the fpints, purifies the marrow and nerves, reflores and preferves the 

fight, and prolongs life.” Thus far from the Breviary. The a follows a confirmation which Prevot gives from* 

his own experience. 
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**ulircr’ t In the fummer 1749, Mr Chefelden, at the requeft 

of Dr Hunter, permitted him to attend at Chelfea Hoi- 

pital ; and he there learned the iirlt rudiments of fur- 

&rY: 
The following winter he was fo far advanced in the 

knowledge of human anatomy, as to inftrudt the pupils 
in dificdtion, to whom Dr Hunter had very little time 

to pay attention. This office, therefore, fell almoit en- 
. tirely upon him, and was his conftant employment du¬ 
ring the winter feafon. 

In the fummer months of 1750, Mr Hunter attend¬ 
ed the hofpital at Chelfea ; in 1751, l*e became a pu¬ 
pil at St Bartholomew’s, and in the winter was pretent 
at operations occafionally, whenever any thing extraor¬ 
dinary occurred. The following fummer he went to 
Scotland ; and in 1753 entered, it is difficult to con¬ 
ceive for what reafon, as a gentleman commoner at St 

Mary-hall, Oxford. In 1734 he became a furgeon’s 
pupil at St George’s hofpital, where he continued du¬ 

ring the fummer months; and in 1736 was appointed 
houfe-furgeon. 

In the winter 1755, Dr Hunter admitted him to 
a partnerfhip in his It&ures, and a certain portion of 
the courfe was allotted to him ; befides which, he gave 
ledures when the Dodor was called away to attend his 

patients. Making anatomical preparations was at this 
time a new art, and very little known ; every prepara¬ 
tion, therefore, that was flcilfully made, became an ob- 
jed of admiration ; many were wanting for the ufe of 
the ledures ; and the Dodor being hiinfelf an enthu- 
haft for the art, left no means untried to infufe into his 
brother a love for his favourite purfuits. How well 

Jie fucceeded, the colledion afterwards made by Mr 
Hunter will fufficicntly evince. 

Anatomy feems to have been a purfuit for which 
Mr Hunter’s mind was peculiarly fitted, and he applied 
to it with an ardour and perieverance of which there is 
hardly an example. His labours were fo ufeful to his 
brother’s collection, and fo gratifying to his difpofition, 
that although in many other refpeds they did not agree, 
this fimple tie kept them together for many years. 

Mr Hunter worked for ten years on human anato¬ 
my; during which period he made himfelf matter of 
what waS already known, as well as made fome addi¬ 

tion to that knowledge. He traced the ramifications 
of the olfadory nerves upon the membranes of the nofe, 

, and difcovered the courfe of fome of the branches of 
the fifth pair of nerves. In the gravid uterus, he tra¬ 

ced the arteries of the uterus to their termination in 
the placenta. He was alfo the firft who difcovered the 
exigence of the lymphatic veflels in birds. 

Many parts of the human body being fo complex, that 
then flrudure could not be underltood, nor their ufes 
ascertained, Mr Hunter was led to examine fmnlar parts 
in other animals, in which the Ilrudure was more 

fimple, and more within the reach of inveftigation ; this 
carried him into a wide field, and laid the foundation 
of his colledion in comparative anatomy. 

In this new line of purfuit, this adive inquirer be¬ 
gan with the more common animals, and preferved fuch 
parts as appeared by their analogy, or in fome other 
way, to elucidate the human economy. It was not his 

intention to make difledions of particular animals, btft 

to inflitute an inquiry into the various organizations 
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by which the fiimftions of life are performed, that he Hunter, 

might thereby acquire fome knowledge of general pri'n- ——v—■ 
ciples. r 

80 eagerly did Mr Hunter attach himfelf to compa¬ 
rative anatomy, that he fought by every means in his 

power the opportunities of profecuting it with advan¬ 
tage. He applied to the keeper of wild beads in the 
Tower for the bodies of thofe which died there; and 
he made iimilar applications to the men who lhowed 

wild beads. He pm chafed all rare animals which came 
in his way ; and thefe, with fuch others as were pre- 
fented to him by his friends, he entruded to the fhow- 

inen to keep till they di'ed, the better to encourage 
them to affid him in his labours. 

His health w*as fo much impaired by exceffive atten¬ 
tion to his purfuits, that m the year 1760 he was ad- 

vifed to go abroad, having complaints in his bread 
which threatened to be confumptive. In G&ober of 

that year, Mr Adair, infpe&or-general of liofpitals, ap¬ 
pointed him a furgeon on the ltaff; and in the follow¬ 
ing fpring he went with the army to Bdlide, leaving 

Mr Hewfon to affid his brother during his abfence. 

Mr Hunter ferved, while the war continued, as fe- 
nior furgeon on the ftalf, both in Beilifle and Portugal, 

till the year 1763; and in that period acquired his 
knowledge of gun-fhot wounds. On his return to Eng¬ 
land he lettled in London ; where, not finding the emo¬ 

luments from his half-pay and private pradice fufficient 
to fupport him, he taught pradical anatomy and ope¬ 

rative lufgery for feveral winters. He returned alfo, 
with unabated ardour, to comparative anatomy ; and 

as his experiments could not be carried 011 in a large 
town, he purcliafed for that purpofe, about two miles 
from London, a piece of ground near Broinpton, at a 
place called Earl’s Court, on which he built a lioufe. 

I11 the courfe of his inquiries, this excellent anatoinid 
atcertamed the changes which animal and vegetable 
fubflances undergo in the ftomach when aded on by 
the gaftric juice ; lie difcovered, by means a>f feeding 
young animals with madder (which tinges growing 
bones red), the mode in which a bone retains its fiiape 
during its growth ; and explained the procefs of exfo- 
Iiation, by which a dead piece of bone is feparated from 
the living. 

• T,s follc!nel’s for animals made him keep feveral of 
different kinds in his houfe, which, by attention, he ren¬ 
dered familiar with him, and ariiufed himfelf by obfer- 
vmg their peculiar habits and inftiuds ; but this fami¬ 
liarity was attended with confiderable rifle, and fome- 
times led him into fixations of danger, of which the 
toilowing is a remarkable inftanee : 

Two leopards, which were kept chained in an out- 
houfe, had broken from their confinement, and got irir 
to the yard among fome dogs, which they immediately 
attacked ; the howling this produced alarmed the whole 

neighbourhood; Mr Hunter ran into the yard to fee 
what was the matter, and found one of them getting 
up the wall to make his efcape, the other furrounded 
by the dogs; he immediately laid hold of them both 
and carried them back to their den ; but as foon as they 

w5r,Vecured> and had time to refiedl upon the ri/k 
of his own fituation, he was fo much agitated, that he 
was in danger of fainting. 

On the fifth of February 1767, he was chofen a fel- 
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Hunter. ]0w of the Royal Society. Hi's defire for improvement ’and 

thofe branches of knowledge which might affifl in 

his refearchts, led him at this time tb propqfe to Dr 
George Fordyce a.id Mr Ctimmhfg, an eminent me- 
chanic, that the'/ ihould' adjourn from the meetings of 
the Royal Society to forrie coffee-honfe, and difcufs inch 

fubj; 6I3 as were connected with fcience. This plan 
was no fooner eftablifhed, than they found their num¬ 

bers increafed ; they were joined bv Sir Jofeph Banks, 
Dr Solander, Dr Mafkclyne, Sir George Shiickburgli, 
Sir Harry*Englefield, Sir Charles Blagden, Dr Noothe, 
Mr Ramfdeti, Mr Watt of Birmingham, and many 

others. At thefe meetings difeoveries and improve¬ 
ments in different branches of philofophy were the ob- 
jedls of their confederation ; and the works of the mem¬ 
bers were read over and criticifed before they were 

given tp the public. It was in this year that, by an 
exertion in dancing, after the mufcles of the leg were 
fatigued, he broke his tendo achillis. This accident, 
and the confinement in coni’equence of it, led him to 

- pay attention to the fubjeft »f broken tendons, and to 
make a feries of experiments to ascertain the inode of 

their union. 
I11 the year 1768 Mr Hunter became a member of 

the'coTporation of furgeons ; and in the year following, 

through His brother’s intereft, he was eledted one of 
the furgeon’s of St George’s hofpital. In May 1771, 
his Treatife on the Natural Iliftory of the Teeth was 
publifhed ; and in July of the fame year he married 
Mifs Home, the ddeft daughter of Mr Home, furgeon 

to Burgoyne’s regiment of light horfe. The expence 
of his purfuits had been fo great, that it was not till 
feveral years after his firfi. engagement with this lady 

that his affairs could be fufficiently arranged to admit 

. of bis marrying.. 
Though after his marriage his private practice and 

profefnonal chara&er advanced rapidly, and though his 
family began to increafe, he flill devoted much of his 
time to the forming of his colledlion, which, as it daily 
became larger, was alfo attended with greater expence. 

The whole fuit of the beft rooms in his houfe were oc¬ 
cupied by his preparations ; and he dedicated his morn¬ 
ings, from funrife to fight o’clock (the hour for break- 
fafl), entirely to his purfuits. To thefe he added fuch 

parts of the day as were not engaged In attending his 

patients. 
The knowledge he derived from his favourite flu dies 

he conflantly applied to the improvement of the art of 
furgery, and omitted no opportunity of examining mor¬ 
bid bodies ; from which he made a colledlion of fads 
•which are invaluable, as they tend to explain the real 
caufes of fymptoms, which, during life, could not be 
etfadtly afeertained, the judgment of the pra&itioner 
being too frequently milled by theoretical opinions, and 

delufive fenfations of the patients. 
In the pra&ice of furgery, where cafes occurred in 

which the operations proved inadequate to their inten¬ 
tion, he always inveftigated, with uncommon care, the 
caufes of that want of fuccefs ; and in this way de- 
te&ed many fallacies, as well as made fome important 
difeoveries, in the healing art. He dete&ed the caufe 
of failure, common to all the operations in ufe for the 

radical cure of the hydrocele, and was enabled to pro- 
pofe a mode of operating, in which that event can with 
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obfervations, that expofure to atmofphericaf air 

limply, can neither produce nor increafe inflammation. 
He difeovered in the blood fo many phenomena con¬ 
nected with life, and not to be referred to any other 
caufe, that he confidered it as alive in its fluid flate. 
He improved the operation for the lillula lachrymalis, 
by removing a circular portion of the os unguis inllead 
of breaking it down with the point of a trochar. He 
alfo difeovered that the gaftric juice had a power when 
the llomaeh was dead of dilfolving it ; and gave to the 

Royal Society a paper on this fubjeCl, which is publifh- 
ed in the Philofophical TranfaClions. 

In the winter 1773? he formed a plan of giving a 
courfe of leClures on the theory and principles of fur¬ 
gery, with a view of laying before the public his own 
opinions upon that fubjeCl. For two winters he read 
his lefrures gratis to the pupils of St George's Hofpi¬ 

tal ; and in 1775, gave a courfe for money upon the 
fame terms as the other teachers in the different branches 
of medicine and furgery. But giving leClures was al¬ 
ways particularly linpleafant to him ; fo that the de¬ 
fire of fubmitting his opinions to the world, and learn¬ 
ing their general eftimation, were fcarcely fufheient to 
overcome his natural dillike to fpeaking in public. He 
never gave the firft leClure of his courfe without taking 
30 drops of laudanum to take off the effe&s of his un- 

ealinefs. 
Comparative anatomy may be confidered as the pur- 

fuit in which Mr Hunter was conflantly employed. No 
opportunity efcaped him. In the year 1773, at the 
requeft of his friend Mr Walfh, he diffe&ed the torpe¬ 
do, and laid before the Royal Society an account of 
its eleCtrical organs. A young elephant, which had 
been prefented to the Queen by Sir Robert Barker, 
died, and the body was given to Dr Hunter, which af¬ 
forded Mr Hunter an opportunity of examining the 
ftruCture of that animal by affiiting his brother in the 
diffeCtion ; finee that time two other elephants died in 
the Queen’s menagerie, both of which came under Mr 
"Hunter’s examination. In 1774, he publifhed in the 
Philofophical TranfaCtions an account of certain re¬ 
ceptacles of air in birds, which communicate with the 
lungs, and are lodged both among the flefhy parts and 
hollow bones of thefe animals ; and a paper on the Gil- 
laroo trout, commonly called in Ireland the Gizzard- 

trout. 
In 1775, feveral animals of that fpecies, called the 

gymnotus ekftricus of Surinam, were brought alive to this 
country, and by their eleClrical properties excited very 
much the public attention. Mr Walfh, defirous of 

purfuing his inveftigations of animal eleClricity, made a 
number of experiments on the living animals ; and tq 
give his friend Mr Hunter an opportunity of examining 
them, purchafed thofe that died. An anatomical ac¬ 

count of their eleClrical organs was drawn up by Mr 
Hunter, and publifhed in the Philofophical Tranfac- 
tions. In the fame volume there is a paper of his, con¬ 
taining experiments on animals and vegetables refpedt* 

ing their power of producing heat. i - 

In the courfe of his purfuits, Mr Hunter met with 

many parts of animals where natural appearances cOtfld 
not be preferved, and others, in which the minuter vef- 
fels could not be diftindtly feen when kept in Spirits; 

it was therefore neceffary to have them drawn’, eitlyiv 

Hun 

certainty be avoided. He afeevtainedy by’expefiriients at the> moment, bfl ibefore tfieyuwcrc pot hitobotU^s. 
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Hunter. The expence of employing profefTed draughtfmen, the 

,~“~v difficulty of procuring them, and the difadvantage which 
they laboured under in being ignorant of the fubjed 
they were to represent, made him delirous of having an 
able perfon in his houfe entirely for that purpofe. 

With this view he engaged an ingenious young artifb 
to live with him for ten years ; his time to be wholly 

employed as a draughtfman, and in making anatomical 
preparations. This gentleman, whofe name was Bell, 
foon became a very good pradical anatomift, and from 

that knowledge was enabled to give a fpirited and ac¬ 
curate refemblance. of the fubje&s he drew, fuch as is 
rarely to be met with in reprefentations of anatomical 

fubje&s. By his labours Mr Hunter’s collection is 
enriched with a coniiderable number of very valuable 
drawings, and a great variety of curious and delicate 
anatomical preparations. 

In January 1776, Mr Hunter was appointed fur- 
geon extraordinary to his Majefty ; and in the fpring 
he gave to the Royal Society a paper on the befl mode 
of recovering drowned perfons. 

In the autumn he was taken extremely ill ; and the 
nature of his complaints made his friends, as well as 
himfelf, confider his life to be in danger. When he 

refleded upon his own fituation, that all his fortune 
had been expended in his purfuits, and that his family 
had no provifion but what fhould arife from the fale of 
his collection, he became very folicitous to give it its 
full value, by leaving it in a ftate of arrangement. This 
he accomplifhed with the affiftance of Mr Bell and his 
brother-in-law Mr Home. 

In 1778, lie publifhed the fecond part of his Treatife 
on the Teeth, in which their diieafes, and the mode of 
treatment are confidered. » This rendered his work up¬ 

on . that fubjed complete. He publifhed alfo in the 

Philofophical Tranfadions a paper on the Heat of Ani¬ 
mals and Vegetables. In 1779, he publiffied his account 
of the Free Martin in the Philofophical Tranfadions; 
and in 1780, he laid before the Royal Society an ac¬ 
count of a woman who had the finall pox during preg¬ 

nancy, where the diieafe feemed to have been communi¬ 
cated to the foetus. 

. *u was eleded a fellow of the Royal So¬ 
ciety of Sciences and Belles Lettres at Gottenburg. 
And in 1782, he gave the Royal Society a paper on 
the Organ of Hearing in Fifn. Befides the papers 
which he prefented to that learned body, he read fix 
Croon ion le&ures upon the fubjedt of Mufcular Adion, 
for the years 1776, 1778, ,779, 178c, 1781, and 

I 782. In thele ledures he colleded all his obfervations, 
upon mufcles, refpeding their powers and effeds, and 

^the ftimuli by which they are affedcd 5 and to tliefe 

he added Comparative Obfervations upon the moving 
Powers of Plants. 6 

Thefe ledures were not 
cal Tranfadions, for they 
read, not being confidered 
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appeared to himfelf unfinifhed. Hisobftrvations on the Hunter. 
Mufcular Adion of the Blood-veffels were laid before 
the Royal Society in 1780, and yet lie delayed puhlifh- 
mg them till his Obfervations on the Blood and Inflam¬ 
mation were arranged ; and they make part of the vo¬ 
lume which was publifhed after his death. 

!n 17S3, be was chofen into the Royal Society of 

Medicine and the Royal Academy of Surgery in Paris ; 
and the fame year the leafe of the houfe which he oc- 
cuPied in Jermyn-ftreet having expired, he purchafed 
the leafe oh a large houfe on the eaft-fide of Leicefter- 

iquare, and the whole lot of ground adjoining to Caftle- 
ltreet, on which there was another houfe. In the mid¬ 

dle ipace between the two honfes, he erefted, at the ex- 

peDce of L-.acoc, a building for his collc&ion; though, 
unfortunately for his family, the leafe did not extend be- 
yond 24 years. 

In the building formed for the colledion there was 
a room fifty-two feet long by twenty-eight feet wide, 
lighted front the top, and having a gallery all round, 

tor containing his preparations. Under this were two 
apartments; one for his ledures, and the other, with no 
particular deft,nation at firft, but afterwards made ufe 
ot tor weekly meetings of medical friends during the 

winter. To this building the houfe in Caftle-ftreet was 

e"tir5. y fubferv.ient; and the,rooms in it were ufed for 

tomyl fCre,lt brancheS of human and comparative ana- 

About this period Mr Hunter may be confidered as 

at the height of his chirurgical career; his mind and 
body were both tn their full vigour.. His hands were 

capable of performing whatever was fuggefted by his 
mind ; and his judgment was matured by former expe- 

nence. home mftances of)his extraordinary &jll miv 
very properly be mentioned. 

He removed a.tumor from the fide .of the head, and 
neck of a patient at St George’s.Hoipjtal, as large as 
the head to which jt was attached ; and by bringing the 
cut edges of the lion together, the whole was nearly 
healed Dy the firft intention. 

He diffeded out a, tumor-on the neck','which one of 
the belt operating furgeons in this country had decla¬ 
red, rather too ftrongly, that no.one but a fool or a 

well"13'1 "°u d attenipt > -and the patient got peifedly 

publifhed in the Philofophi- 

were withdrawn as foon as 
by the author as complete , o -- -"v. uuiuut aa uuiupieie 

diiiertations, but rather as materials* for fome future 
publication. 

, Jt 18 Fuch to be regretted (fays Mr Home>that Mr 
Hunter was fo tardy in giving his obfervations to the 
public ; but fuch was his turn for inveftigation, and fo 
extennve the fcale upon which he inftituted his inqui¬ 
ries, that he always found fomething more to be accom- 

plifhed, and was unwilling to publifh any thing whiclx 

He difeovered a new mode of pefforming-the opera-* 
tion lor the popliteal aneprtfni, by taking up the/e-- 

moral artery on the anterior part of the thigh, witliopt 
doingjiny thing to the, tumor in tlje ham. The fafl*y 

and .efficacy of th,s mode hav^een confirmed by many 
fubfequent trials; ;9nd it mull be allowed to Hand very 
high among the modern improvements in furgery. v 

Hu^er atfth>V period ofhis life, it 
will afford us a ftrong pidure of the turn of his mind, 

his delire to acquire knowledge and hi$*uiiremituW. 
aitiduity ln pyofecuting whatever was the objeft of his 

He was engaged^in a very extenfive private pradice; 
he was furgeon to St George’s Hofpital; he was giving; 
a very long courfe of ledures in the winter ; he was cu 

?3Q7 h'e £3™ in comparative anatomy ; had a 
fchoo of pradical human anatomy in his hoiife • and 

affimalTconomy 7 1 ^ eXlJen'nle"ts tJ* 

Hf was .always folicio us for’ fome Improvement in, 

medical \ 
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Hunter, medical education j and, with the affiflance of Dr For* 

dyce, inftituted a medical fociety, which lie allowed to 
meet in his leCture rooms, and of which he was eliofen one 
of the patrons. This fociety, called the Lyceum Mcdicum 
Londincvfe, under his aufpices and thofe of Dr Fordyce, 
lias acquired conliderable reputation, both from the 
numbers and merits of its members. 

In the year 1786, in confequence of the death of Mr 
Middleton, Mr Hunter was appointed deputy furgeon- 
general to the army. He now publifhed his work up¬ 
on the Venereal Difeafe, which had been long expect¬ 
ed by the public ; and, if we may judge from the rapid 
fale of the firfl edition, thefe expectations Have not been 
difappointed. He alfo publifhed a work entitled, Ob- 
fervations on certain Parts of the Animal Economy. 
In this work he has collected feveral of his papers in- 
ferted in the Philofophical TranfaCtions, which related 
to that fubjeCt, having permilfion from the prelident 
and council of the Royal Society to reprint them ; there 
are alfo Obfervations upon fome other parts of the Ani¬ 
mal Economy, which had not before been publifhed. 
This work met with a very ready fale. 

In the year 1787, he gave a paper to the Royal So¬ 
ciety, containing an Experiment to determine the EffeCl 
of extirpating one Ovarium on the Number of Young; 

a paper in which the wolf, jackall, and dog, are proved 
to be of the fame fpecies ; and a third upon the Ana¬ 
tomy of the Whale Tribe. Thefe papers procured him 
the honour of receiving Sir John Copley’s annual gold 
medal, given as a mark of difiinguifhed abilities. 

His collection, which had been the great ohjeCt of 

his life, both as a purfuit and an amufement, was now 
brought into a date of arrangement; and gave him 
length the fatisfaCtion of fhewing to the public a feries 
of anatomical faCts formed into a fyftem, by which the 

economy of animal life was illuilrated. He (hewed it 
to his friends and acquaintances twice a-year, in Octo¬ 
ber to medical gentlemen, and in May to noblemen and 
gentlemen, who were only in town during the fpring. 

This cuftom he continued to his death. 
Upon the death of Mr Adair, which happened in the 

■year | 792, Mr Hunter was appointed infptCtor-general 
of hofpitals, and furgcon-general to the army. He was 
alfo eleCted a member of the Royal College of Surgeons 

in Ireland. In the year 1791, he was fo much'enga- 
ged in the duties, of his office, as furgeon-general to the 
army, and his private praCtice, that he had little time 
to bellow upon his fcientifical objeCts; but bis leiiure 
time, fmall as it was, he wholly devoted to them. 

In 1792, he was eleCted an honorary member of the 
Chirurgo-Phyfical Society of Edinburgh, and was cho- 
fen one of the vice-preiidents of the Veterinary College, 
then fir It eftablifhed in London. He publflhed in the 
Tranfadfions of the Society for the Improvement of me¬ 
dical and chirurgical Knowledge, of which fociety he 

was one of the original members and a zealous promo¬ 
ter, three papers on the following fubjeCts : Upon the 
Treatment of Inflamed Veins, on Introfufception, and 
011 a Mode of conveying Food into the Stomach in 
Cafes of Paralyfis of the CEfophagus. 

He finifhed his Obfervations on the Economy of Bees, 
and prefented them to the Royal Society. Thefe ob¬ 
fervations were made at Earl’s Court, and had engaged 
his attention for many years ; every inquiry into the 

economy of thefe infeCts had been attended by almoft 

unfunnountable difficulties ; but thefe proved to him Hunter, 
only an incitement, and the contrivances he made ufe -v— 
of to bring the different operations of thefe indefatigable 
animals to view were aim oil without end. 

EaiTs Court to Mr Hunter was a retirement from 
the fatigues of his profeffion ; but in no refpeCt a re¬ 
treat from his labours; there, on the contrary, they were 
carried on with lefs interruption, and with an unwearied 
perfeverance: From the year 1772 till his death, he 
made it his cuftom to deep there during the autumn 
months, coming to town only during the hours of bu- 
fluels in the forenoon, and returning to dinner. 

It was there he carried on his experiments on di- 
geilion, on exfoliation, on the tranfplanting of teeth in¬ 
to the combs of cocks, and all his other invdHgatioris 
on the animal economy, as well in health as in difeafe. 
The common bee was not alone the fubjeCt of his ob- 
fervation, but the wafp, hornet, and the lefs known 
kinds of bees, were alfo objeCts of his attention. It wa3 

there he made the feries of preparations of the external 

and internal changes of the filk w orm ; alfo a feries of 
the incubation of the egg, with a very valuable fet of 

drawings of the whole feries. The growth of vegetables 
was alfo a favourite fubjeCt of inquiry, and one on which 
he was always engaged in making experiments. 

The collection of comparative anatomy which Mr 
Hunter has left, and which may be conlidered as the 
great objeCl of his life, mufl be allowed to be a proof 
of talents, affiduity, and labour, which cannot be con¬ 
templated without furprife and admiration. It remains 
au unequivocal tell of his perfeverance and abilities, and 
an honour to the country in whole fehools he was edu¬ 

cated, and by the patronage of which he w^as enabled- 
on fo extenlive a fcale to carry on his purfuits. In this 
collection we find an attempt to expofe to view the gra¬ 
dations of Nature, from the mofi Ample ftate in which 
life is found to exift, up to the moil perfeCt and molt 
complex of the animal creation—man himftlf. 

By the powers of his art, this collector has been ena¬ 
bled fo to expofe, and preferve in fpirits or in a dried 
(fate, the different parts of animal bodies intended for 
iimilar ufes, that the various links of the chain of per¬ 
fection are readily followed and may be clearly under¬ 
flood. 

This collection of anatomical faCts is arranged ac¬ 
cording to the fubjeCts they are intended to illuflrate, 
which are placed in the following order : Firjly Parts 

conltruCted for motion. Secondly, Parts eflential to ani¬ 
mals refpeCting their own internal economy. Thirdly, 

Parts fuperadded for purpofes connected with external 
objcCts. Fourthly, Parts for the propagation of the 
fpecies and maintenance or fupport of the young. 

Mr Hunter was a very healthy man for the firll forty 
years of his life ; and, if we except an inflammation o£ 

his lungs in the year 1759, occaiioned molt probably 
by his attention to anatomical purfuits, he had no com¬ 
plaint of any confequence during that period. In the- 
fpring of 1769, in his forty firll year, he had a regular- 
fit of th^ gout, which returned the three following 

fprings, but not the fourth; and in the fpring of 1773? 
having met with fomething which very forcibly affected 
his mind, he was attacked at ten o’clock in the forenoon 
with a pain in the ftomach, attended with all the fymp-> 
toms of angina petforis. In the life of him prefixed to 

his Treatife on the Bloody Jnflammationy and Gunshot, 
lVounds9 
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* Hunfce? __ IVaunds, the reader will find one of the molt complete 

hiflories of that difeafe upon record. Suffice it, in this 
place, to fay, that for twenty years he was fubjeft to 
frequent and fevere attacks of it, which however did 
not, till a ffiort time before his death, either impair his 
judgment or render him incapable of performing opera¬ 
tions in furgerv. “ In autumn 1790 (fays Mr Home), 
and in the fpring and autumn 1791, he had more fevere 
attacks'than during the other periods of the year, but 
of not more than a few hours duration : in the begin¬ 
ning of Oftober 1792, one, at which I was prefent, 
was fo violent that I thought he would have died. On 

Oftober the 16th, I793> when in his ufual ftate of 
health, he went to St George’s Hofpital, and meeting 
with fome things which irritated his mind, and not be^ 
ing perfedly mailer of the circumftances, he withheld 
his fentiments ; in which ftate of reltraint he went into 
the next room, and turning round to Dr Robenfon, one 
of the phyficians of the hofpital, he gave a deep groan 
and dropt down dead ; being then in his 65th year, the 
fame age at which his brother Dr Hunter had died.” 

It is a curious circumftance, that the ,firft attack of 
thefe complaints was produced by an affeftion of the 
mind, and every future return of any conference arofe 

10m the fame caufe ; and although hodily exercife, or 
diftention of the ftomach, brought on /lighter affediions, 
it ftill required the mind to be affeded to render them 

fevere ; and as his mind was irritated by trifles, thefe 
produced the moft violent effeds on the difeafe. His 
coachman being beyond his time, or a fervant not at¬ 
tending to his diredions, brought on the fpafms, while 
a real misfortune produced no effed. 

Mr Hunter was of a fhort ftature, uncommonly ftrong 
and adive, very compactly made, and capable of great 
bodily exertion. His countenance was animated, open, 
and in the latter part of his life deeply imp re (led with 
thoughtfulnefs. When his print was fhewn to Lavater, 
he faid, “ That man thinks for himfdf.” In his youth 
he was cheerful in his difpofition, and entered into 
youthful follies like others of the fame age ; but wine 
never agreed with his ftomach ; fo that after fome time 
he left it off altogether, and for the laft twenty years 
drank nothing but water. 

His temper was very warm and impatient, readily 
provoked, and, when irritated, not eaiily foothed. His 
difpofition was candid, and free from referve, even to a 
fault. He hated deceit ; and as he was above every 
kind of artifice, he detefted it in others, and too open¬ 

ly avowed his fentiments. His mind was uncommon!? 
active ; it was naturally formed for inveftigation, and 

that turn difplayed ltfelf on the moll; trivial occafions, 
and always with mathematical exadnefs. What is cu¬ 
rious, it. fatigued him to be long in a mixed company 

winch did not admit of connected converfation ; more 
particularly during the laft ten years of-his life. 

He required lefs relaxation than moft other men ; 
feldom fleeping more than four hours in the night, but 
almoft always nearly an hour after dinner ; this, pro¬ 
bably, arofe from the natural turn of his mind beino- f0 

much adapted to his own occupations, that they were 
m reality his amufement, and therefore did not fatigue. 

. Jri Pnvate praaice he was liberal, fcrupuloufly honed 
111 faying what was really his opinion of the cafe, and 

ready upon all occafions to acknowledge his ignorance 
whenever there was any thing which he did not under! 
ftand. 
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In converfation, be fpoke too freely, and fometimes Hunter, 

harlnly, ot his contemporaries; but if he did not dojuftice II 
to their undoubted merits, it arofe not from envy, but H>rdrome- 

from Ins thorough convidion that furgery was as yet in « ter< . 
its infancy, and he himfelf a novice in his own art ; and ^ 
Ins anxiety to have it carried to perfedion, made him 
think meaniy and ill of every one wliofe exertions in that 
relpect did not equal his own. 

. HUNTERS, in fortification, denote pieces of 
timber, about fix inches lquare, placed at the lower 

end ot the platform, next to the parapet, to prevent 
the wheels of the gun-carriages from damaging the pa- 

H \ D ROGR A PH ICAL Ch arts or Maps, more 
iiUnilly called fea-charts, are projedions of forne part of 
the fea, or coaft, for the ufe of navigation. In thefe 
are laid down all the rhumbs or points of the compafs, 

the meridians, parallels, &c. with the coafts, capes’ 
1 Hands, rocks, fiioals, /hallows, &c. in their proper places, 
and proportions. ' r 

HYDROMETER, is an inftrument, of which fo 
much has been faid‘in the EncycL under that title, and 
in the article Specific Gravity, that we certainly fhould 
not again introduce it in this place, but to guard our 
readers againft error, when fludying the works of the 

French chemifts. Thefe gentlemen, who are fo ftrong- 
ly attached to every thing which is new, as to believe 
that their anceftors have for ages been wandering in 
the mazes of ignorance, refer very frequently to the 

pefe-hqueur of Baumc ; and as that inftrument'has ne¬ 
ver been generally ufed in this country, it becomes our 
duty to defcribe its conftn dion. * 

In Head of adopting the limpler method of immediate 
numerical reference to the denfity of water expreffed bv 
unity, as is done in all modern tables of fpecifie gravi¬ 
ty, he had recourfe to a proeefs fimilar to that of gra¬ 

duating the ftems of thermometers from two fixed 
points. 1 he firft of thefe points was obtained by iin- 
merfing Ins inftrument, which 1*3 the common areome¬ 
ter, confifting of a ball, ftem, and counterpoife, in pure 

water. At that point of the ftem which was interfered 
by the furfaee of the fluid, he marked zero, or the com¬ 

mencement of his graduations. In the next place, lie 
provided a number of dilutions of pure dry common 

fait in water : thefe folutions contained refpedively 
one, two, three, four, See. pounds of the fait ; and in 
each fo!ution the quantity of water was fucli, as to 

make up the weight equal to one hundred pounds in 
the whole; fo that in the folution containing one 
pound of fait, there were ninety-nine pounds of water ; 
in the folution containing two pounds of fait, there 
were ninety-eight pounds of water, and fo of the reft 

1 he inftrument was.then plunged in the firft folution,’ 
111 which of courfe it floated with a larger portion of 
the ftem above the fluid, than when pure water was 

uied The fluid,, by the interfe&ion of its furfaee up¬ 
on the ftem, indicated the place for making hia firft 

degree ; the fame operation repeated, with the fluid 
containing two pounds of fait, indicated the mark for 
the iecond degree ; the folution of three pounds afford¬ 
ed the third degree ; and in this manner his enumera¬ 
tion was carried as far as fifteen degrees. The firft 

fifteen degrees afterwards, applied with the compalfes 
repeatedly along the Item, ferving to extend the snadua- 
tion as far as eighty degrees, if required. 

This inftrument, which is applicable to the admea- 

fu rente nti 
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furcment of denfities exceeding that of pure water, is 

commonly diftinguifhed by the name of the Hydrome- 

ter for falls. 
The hydrometer for fpirits is conftrtnRed upon the 

fame principle ; but in this the counterpoife is fo ad- 
juiled, that moH part of the Hem rifes alcove the fluid 
when imnierfed in pure water, and the graduations to 
txprefs inferior denfities are continued upwards. A 
folution of ten parts by Weight of fait in ninety parts 
of pure water, affords the lirfl: point, or zero, upon the 
Hem ; and the mark indicated by pure water is called 
the tenth degree ; whence, by equal diviflons, the re¬ 
maining degrees are continued upwards upon the llein 

as far as the fiftieth degree. 
Thefe experiments, in both cafes, are made at the 

tenth degree of Reaumur, which anfvvers very nearly 

to fifty five of Fahrenheit. 
HYDRUS, or Water Serpent, one of the’ new 

fouthern confiellations, including only ten liars. 

HYGROMETER, is an inftrument of fo much 
importance to the meteorologiH, that it becomes us to 
give fame account of every improvement of it which 
has fallen under our notice. In the Encyclopedia, the 
principles upon which hygrometers are conilrudted have 
been clearly Hated, and the defedls of each kind of hy¬ 

grometer pointed out* 
Inllead of hairs or cat-gut, of which hygrometers 

of the firft kind are commonly made, Caflebois, a Be¬ 
nedictine monk at Mentz, propofed to make fnch hy¬ 
grometers of the gut of a filk-worm. When that in- 
fedl is ready to fpin, there are found in it two veflels 
proceeding from the head to the ftomach, to which 
they adhere, and then bend towards the back, where 
they form a great many folds. The part of thefe vef- 

fels next the ftomach is of a cylindric form, and about 
a line in diameter. Thefe veflels contain a gummy fort 
of matter from which the worm fpins its filk ; and, 
though they are exceedingly tender, means have been 
deviled to extra& them from the infe£l, and to prepare 
them for the above purpofe. When the worm is a- 
bout to fpin, it is thrown into vinegar, and fulfered to 
remain there twenty-four hours ; during which time 
the vinegar is abforbed into the body of the infe£, and 
coagulates its juices. The worm being then opened, 
both the veflels, which have now acquired ftrength, are 
extra&ed; and, on account of their pliability, are ca¬ 

pable of confiderable extenfion. That they may not, 
however, become too weak, they are ftretched only 
to the length of about fifteen or twenty inches. It 
is obvious that they mull be kept fufficiently extended 
till they are completely dry. Before they attain to 
that ftate, they mull be freed, by means of the nail of 
the finger, from a flimy fubftance which adheres to 
them. Such a thread will fuftain a weight of fix 
pounds without breaking, and may be ufed for an 
hygrometer in the fame manner as cat-gut ; hut we 

oonfefs that we do not clearly perceive its fuperio- 
rity. 

To an improvement of the hygrometer conftru£ted 
on the third1 principle, Hated in the Encyclopedia^ M, 
Kochheimer was led in the following manner : 

Mr Lowitz found at Dmitriewlk in Aliracan, on 
the banks of the Wolga, a thin bluifh kind of flate 
which attracted moillure remarkably foon, but again 
buffered it as foon to efcape. A plate of this flate 

weighed, when brought to a red heat, 175 grains, and, 
when Saturated with water, 247 : it had therefore im¬ 
bibed, between complete drynefs and the point of com¬ 
plete moiHure, 72 grains of water. Lowitz fufpended 
a round thin plate of this flate at the end of a very de¬ 
licate balance, fattened within a wooden frame, and fuf- 
pended at the other arm a chain of filver wire, the end 

of which was made faft to a Aiding nut that moved up 
and down in a fmall groove on the edge of one fide of 
the frame. He determined, by trial, the pofitton of 
the nut when the balance was in equilibrio and when it 
had ten degrees of over-weight, and divided the fpac<i 
between thefe two points into ten equal parts, adding 
fuch a number more of thefe parts as might be necef- 
fary. When the Hone was fufpended from the one arm 
of the balance, and at the other a weight equal to 175 
grains, or the weight of the Hone when perfectly dry, 
the nut in the groove fhewed the excefs of weight in 
grains when it and the chain were fo adjuHed that the 
balance Hood in equilibrio. A particular apparatus or\ 
the fame principles as a vernier, applied to the nut, 

fhewed the excefs of weight to ten parts of a grain. 
Lowitz remarked that this hygrometer in continued 
wet weather gave a moiHure of more than 55 grains, 
and in a continued heat of 113 degrees of Fahrenheit 
only 11 degree of moiHure. 

The hygrometer thus invented by Lowitz was, how¬ 
ever, attended with this fault, that it never threw off 
the moiHure in the fame degree as the atmofphere be¬ 
came drier. It was alfo fometimes very deceitful, and 
announced moiHure when it ought to have indicated 
that drynefs had again begun to take place in the at¬ 
mofphere. To avoid thefe inconveniences, M. Hoch- 
heimer propofes the following method : 

I.. Take a fquare bar of Heel about two lines in 
thicknefs, and from ten to twelve inches in length, and 

form it into a kind of balance, one arm of which ends 
in a ferew. On this ferew let there be ferewed a lead¬ 
en bullet of a proper weight, inHead of the common 

weights that are fufpended. 2. Take a glafs plate 
about ten inches long, and fevert inches in breadth, de- 
Hroy its polifh on both Tides, free it from all moiHure 
by rubbing it over with warm afhes, fufpend it at the 
other end of the balance, and bring the balance into 
equilibrium by ferewing up or down the leaden bullet. 
3. Mark now the place to which the leaden bullet is 

brought by the ferew, as accurately as pofilble, for the 
point of the greateH drynefs. 4. Then take away the 
glafs plate from the balance, dip it completely in water, 
give it a fhake that the drops may run off from it, and 
wipe them carefully from the edge. 5. Apply the 
glafsplate thus moiftened again to the balance, and 
bring the latter into equilibrium by ferewing the leaden 
bullet. Mark then the place at which the bullet {lands 

as the higheft degree of moiHure. 6. This apparatus 
is to be fufpended in a fmall box of well dried wood, 
fufficiently large to fuffer the glafs-plate to move up 
and down. An opening muH be made in the lid, ex- 
adlly of fuch a fize as to allow the tongue of the ba¬ 
lance to move freely. Parallel to the tongue apply a 
graduated circle, divided into a number of degrees at 
pleafure from the higheil point of drynefs to the high- 
eft degree of moiHure. The box mull be pierced with 
fmall holes on all the four fides, to give a free paffage 
to the air ; and to prevent moiHure from penetrating 

Hydrome* 
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H Y 
Hygwme* into the wood by rain, when 

, P°‘e Jt at a window, it mud either be’lackered or 
painted. To hive it at all times from rain, it may be 

covered, however, with a fort of roof fitted to it in the 
mod convenient manner. But all thefe external appen¬ 
dages may be improved or altered as may be found ne- 
ceffary. 

tlYI LRBOLA Deficient, is a curve having- only 
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it may be requisite to ex- one afymptote, though two hyperbolic legs running out 

infinitely bv the fide of theafymptote, but contrary wavs. 

HYPO 111ACHLLI0N> in Architecture, h ufed 
for a little frizc in the Tufcan and Doric capital, be¬ 
tween the aflragal and annulets ; called alfo the colerin 
and gorgerin. The word is applied by fome authors 
in a more general fenfe, to the neck of any column, or 
that part of its capital below the aflragal. 

I. 

JacoHns. TACOBINS, in the language of the prefent day, i3 

v tllc name affumed, at the beginning of the French 
revolution, by a party in Paris, which was outrageouf- 
ly democratical, and fanatically impious. This party, 

which confided of members of the National Affembly,’ 
and of others maintaining the fame opinions and purfn- 
mg the fame obje£ts, formed itfelf into a dub, and held 

its meetings in the hall belonging to the Jacobin friars, 
where nieafures were fecrctly concerted for exciting in- 
, re«ions, and overawing at once the legiflature and 

the king. The name of Jacolin, though it was derived 
irom the hall where the club fird met, has lince been 
extended to all who are enemies to monarchy, arido- 
cracy, and the Chridian religion ; and who would have 
every man to be his own pried and his own lawgiver. 

Hence it is, that we have jacobins in Great Britain and 
Ireland, as well as in France. 

Of the proceedings of the French Jacobins, fome ac¬ 
count has been given in the Encyclopedia, under the ti¬ 
tle Revolution ; and the fubjeft will be refumed in 
thisSupplement under the fame title. The purpofe of the 

Pre. J- art'Ue is to trace the principles of the fed from 
their fource ; for thefe principles are not of yederday 

“At. !'tsrvery firft appearance (fays the Abbd Bar- 
ruel), this fed counted 300,000 adepts; and it was 

lupported by two millions of men, feattered through 

i'rance, armed with torches and pikes, and all the fire¬ 
brands of the revolution.” Such a wide fpread con- 
(piracy could not he formed in an inilant ; and indeed 

this able writer has completely proved, that this fed, 
with all its conspiracies, is in itfelf no other than “ the 
coalition of a triple fed, of a triple confpiracy, in which, 
long before the revolution, the overthrow of the altar 
the ruin of the throne, and the d,'Ablution of all civil 
iociety, had been debated and determined.” 

It is known to every fcholar, that there have been 
in all ages and countries men of letters and pretenders to 

letters, who have endeavoured to fignalize tliemfelves in¬ 
dividually by writing agafnft the religion of their coun- 

try; but it was referved for the philofophitls (a) of 
France to enter into a combination for the exprefs pur- 
pole of eradicating from the human heart every religi¬ 

ous fentiment. The man to whom this idea firft ocur- 
Suppl. Vol. I. Part II. 

red was Voltaire ; who, daring to he jealous of his God, 
and being weary, as he faid himfelf, of hearing people 1 

repeat that twelve men were fnfficient to eftablilh Clirif. 
tianity, refolved to prove that one might be fnfficient to 
overthrow it. Full of this projed, he fwore, before the 

year 1730, to dedicate his life to its accomplilhment • 
and for fome time lie flattered himfelf that lie ffiould 
enjoy alone the glory of deftroying the Chriilian rcli- 

gion. Fie found, however, that affiociates would be ne- 
ceffary ; and from the numerous tribe of his admirers 

and difciples, he cliofe D’Alembert and Diderot as the 
moll proper perfons to co operate with him in his de- 
figns. How admirably they were qualified to ad the 
part affigned them, may he conceived from the life of 

Diderot in this Supplement. But Voltaire was not fa- 
tisfied with their aid alone. 

He conti ived to embark in the fame caufe Frederic 
II. of Pruffia, who wilhed to be thought a philofoplier, 
and who of courfe deemed it expedient to talk and write 
again(l a religion which he lmd never lludied, and into 
the evidence of which he had probably never deDned to 

inquire. _ This royal adept was one of the moll zealous 
of Voltaire’s coadjutors, till he difeovered that the phi- 
lofophilts were waging war with the throne as well as 
with the altar. This indeed was not originally Vol¬ 
taire’s intention. He was vain ; he loved to be careffed 
by the great; and, in one word, he was, from natural 
difpofition, an ariftocrate and admirer of royalty : But 
when he found that almolt every fovereign but Frede¬ 
ric, difapproved of his impious proje&s as foon as hi 
perceived their iffue, he determined to oppofe all the go¬ 
vernments on earth, rather than forfeit the glory, with 
which lie had flattered himfelf, of vanquilliing Clirilt 
and his apollles in the field of controverfy. 

He now fet himfelf, with D’Alembert and Diderot, 
to excite universal difeontent with the eflablifhed order 

of things. This was an employment entirely fuited to 
their difpofition ; for not being in any fenfe great them- 
felves (b), they wilhed to pull all men down to their 

own level. How effeftually they contrived to convert 
the Encyclopedic into an engine to ferve their purpofes" 
has been (hewn already ; but it was not their only nor 

their mod powerful engine ; they formed fecret focie- 

-— 5 D ties. 
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ties, a (Tinned- new names, and employed an enigmatical 
language. Thus, Frederic is called Luc ; D’Alembert, 
Protagoras, and fometimes Bertrand; Voltaire, Raton ; 

and Diderot, Platon, or its anagram Tonpla; while the 
general term for the confpirators is Cacouce. In their 
fee ret meetings they profefTed to celebrate the myfteries 

of Mythra ; and their great objeft, as they profefTed to 
one another, was to confound the <wretch, meaning J — 
C—. Voltaire propofed to eftablifh a colony of philo- 

fophifts at Clevcs, who, protected by the king of Pruf- 

iia, might publiflr their opinions without dread or dan¬ 
ger ; and Frederic was difpofed to take them urfder his 
protection, till he difeovered that their opinions were 

anarchical, as well as impious, when he threw them off, 

and even wrote againft them. 
They contrived, however, to engage the minifters of 

the court of France in their favour, by pretending to 

have nothing in view but the enlargement of fcience, in 
works which fpoke indeed refpe&fully of revelation, 

while every difeovery which they brought forward was 

meant to undermine its very foundation. When the 
throne was to be attacked, and even when barefaced a- 
theifm was to be promulgated, a number of impious and 

licentious pamphlets were difperfed, for fome time none 
knew how, from a fecret fociety formed at the Hotel 
d’Holbach at Paris, Thefe were fold for trifles, or dif- 

tributed gratis to fchoolmafters, and others who were 
likely to circulate their contents. D’Alembert, Dide¬ 
rot, and Con'dorcet, who was now aflociated with the 
other confpirators, flattered the ambition of every man 

among the great, and efpecially of the Duke d’Orleans, 
the richeil fubjed in Europe, and a prince of the blood 
of France. The firfi and the lafl of thefe three adepts 
had, by their mathematical knowledge, got fuch an af- 
cendancy in the Royal Academy of Sciences, that they 
could admit or exclude candidates as they knew them to 

be friendly or inimical to the projefts of the confpira¬ 
tors ; and they had contrived, by matchlefs addrefs and 
unwearied perfeverance, to fill almofl all the feminaries 
of education with men of their own principles. 

Thus was the public mind in France completely cor¬ 
rupted, when the mafon lodges, over which the infa¬ 
mous Orleans prefided, were vilited by a delegation from 
the German illuminati ; and nothing more was lieceffa- 

ry to produce the fed of Jacobins, by whofe intrigues 

find influence, France, as M. Barruel expreffes himfelf, 
has become a prey to every crime. It wras by the ma¬ 
chinations of this fed that its foil was llained with the 
blood of its pontiffs and priefts, its rich men and nobles; 
with the blood of every clafs of its citizens, without re¬ 

gard to rank, age, or fex. Thefe difciples of Voltaire 
were the men who, after having made the unfortunate 
Louis, his queen, and After, drink, to the very dregs, 

the cup of outrage and ignominy during, a long confine¬ 
ment, folemnly murdered them 011 a fcaffold, proudly 

menacing all the fovereigns of the earth with a fimilar 

fponding remorfe, which can be exceeded only by the 

torments of the damned. There is reafon to believe 
that the end of D’Alembert and Diderot very much re- 

fembled that of their leader; while the more hardened 
adept, Condorcet, became his own executioner ; and 
the other chiefs of the rebellion have regularly infh’&ed 
vengeance on each other, every alteration of the French 
conftitution (and thefe alterations have been many) be¬ 

ing followed by the execution of thofe by whom the 

government was previoufly adminiflered. 
JAGHIRE, affignment made in Bengal by an Im¬ 

perial grant upon the revenue of any diftridt, to defray 

civil or military charges, penfions, gratuities, &c. 
JAG HI RED ER, the holder of a Jaghire. 

St JAGO, the largeil and mo ft populous of the Cape 
de Verde Iflands, of which fome account has been gi¬ 
ven in the Encyclopedia, is reprefented by Sir George 
Staunton as liable to long and exceffive droughts, for 

which no philofophical caufe can be afligned. When 
the embaffy to China touched at it in the latter end of 

1792, it was in a (late of ablolute famine. Little or no 
rain had fallen for about three years before. The rivers 

were aim oft all entirely dry. The furface of the earth 
was, in general, naked of any herbage. The greatell 

part of the cattle had periflied, not lefs through drought 
than want of food. Of the inhabitants many had mi¬ 
grated, and many were famifned to death. Nor was this 
calamity peculiar to St Jago. All the iflands of Cape 
de Verde were faid to have experienced the fame long 
drought, and to be confequently in a (late of fimilar de¬ 
flation. Yet the frequent fhowers which were obfer- 

ved by the firft navigators who touched at St Jago, in¬ 

duced them to give to the ifland the name of Pluvialis; 
and no change had been obferved in the fteady current 
of wind, blowing from the eaft, which is common to 

tropical climates. 
“What were the uncommon circumftances (fays Sir 

George) that took place in the atmofphere of that part 

of Africa to which the Cape de Verde iflands lie conti¬ 
guous, or in the vaft expanfe of continent extending to 
The eaft behind it, and from which this direful effe& 
mu(l have proceeded, as they happened where no man of 
fcience exiited to obferve or to record them, will there¬ 
fore remain unknown ; nor is theory bold enough to 
fupply the place of obfervation. Whatever was the 

caufe which thus arrefled the bountiful hand of Nature, 
by drawing away the fources of fertility, it was obfer- 
vable, that fome few trees and plants perfevered to flou- 

rifli with a luxuriance, indicating that they ftiil could 
extrad from the arid earth whatever portion of humi- 
dity it was neceffary to derive from thence for the pur- 
pofe of vegetable life,, though it was denied to others.” 

Beftde the trees of the palm kind, which are often 

found verdant amidft burning lands, nothing, for ex¬ 
ample, could be more rich in flavour, or abound more 
with milky, though corrofive juice, than the afclepias 

fate. Yet think, not,.indignant reader, that the ways gigantea (fee Asclepias, EncycL), growing plenti- 
rn •! 1 rm _ r T?_ Viin-Vt. without rnmire. indeed. of Providence are unequal. The nations of Europe 

were ripe for chaftifcment ; and that ehaftifement thefe 
villains were employed to inflicl: but their own punifh- 
ment did not linger. Voltaire died in agonies of de- 

fully, about feveral feet high, without culture, indeed, 
but undifturbed, it being of no avail to cut it down in 
favour of plants that would be ufeful, but required the 

aid of more moifture from the atmofphere. The jatro- 
pha 

feure, if not fpurious, and abftradt mathematics not furnifhing ready accefs to the great, his ideas, when compa¬ 

red with Voltaire’s, were grovelling, and (as M. fearruel fays) he was afraid to be feen. 
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ptia curcas, or phyfic nut tree, which the French Weft who received them with" the moll cordial hofpitality in 
Indians, with fome propriety, call Lois tnimorttl, and his houie, and treated them with every fpecies of tropi- 
plant, on that account, in the boundaries of their eftates, cal fruits from his garden, lying on each fide the river i ' - ■» ---—" -— 

appeared as if its perpetuity was not to be affe&ed by 

any drought. Some indigo plants were ftill cultivated 
with fnccefs in (haded vales, together with a few cot¬ 
ton fhrubs. Throughout the country fome of thofe 

fpecies of the mimofa, or fenfitive plant, which grow 
into the fize of trees, were moft common, and did not 

appear to languifh. In particular fpots the aunona, or 
fugar apple tree, was in perfed verdure. The boraffus, 
or great fan palm, lifted, in a few places, its lofty head 
and fpreading leaves with nndimnufhed beauty. In a 
bottom, about a mile and 3 half behind the town of 
Pray a, was It ill growing, in a healthy ftate, what v , - may 
be called for fize a phenomenon in vegetation, a tree 
known to botanifts by the name of adanfonia, and in 
Englifh called monkey bread tree. The natives of St 
Jago call it halifera ; others, baobab. Its trunk mea¬ 
sured at the bate no lefs than 56 feet in girth ; but it 
foon divided into two great branches, one rifing perpen¬ 

dicularly, and meafuring 42 feet in circurpference ; that 
of the other was about 26. By it ftood another of the 

fame fpccies, whofe bugle trunk, of 38 feet girth, at¬ 
tracted little notice from the vicinity of its huge com¬ 
panion. 

But the annual produce of agriculture was fcarcely 
to be found. The plains and fields, formerly produc¬ 
tive of corn, fugar-canes, or plaintams, nourifhed by re¬ 
gular falls of rain, now bore little femblance of vegeta¬ 
tion. Yet in the fmall number of plants which furri¬ 

ved the drought, were fome which, from the fpecimens 
fent to Europe, were found to have been hitherto un¬ 
known. Vegetation quickly, indeed, revived wherever, 
through the foil, any rnoifture could be conveyed. 

Sir George reprefents Praya, the refidence of the 
Portuguefe Viceroy, as a hamlet rather than a town.' It 
confifts of about 100 very fmall dwellings, one (lory 
high, fcattered on each fide of the plain, which extend¬ 
ed near a mile in length, and about the third of a mile 
in breadth ; and fell off, all around, to the neighbour¬ 
ing valleys and to the fea. Not being commanded by 
any neighbouring eminence, it was a Situation capable 
of defence ; the fort, however, or battery, was almofl 
Jn ruins; and the few guns mounted on it were moftly 
honey-combed, and placed on carriages which fcarcely 
held together. 

A party belonging to the embaffy croffed the coun¬ 
try to the ruins of St Jago, the former capital of the 
ifland, (ituated in the bottom of a vale, through which 
ran a ftream, then both fmall and fhiggifh. On each 

fide of that ftream are the remains of dwellings of con- 
fiderable folidity and fize ; and the fragments of glafs 
luftres, ftill hanging from the ceilings of fome of the 
principal apartments, denote the elegance or riches that 
were once difplayed in this now deferted place. Not 
above half a dozen families remain in it at prefent; the 
reft abandoned it, or perifhed.- Here was ftill, how¬ 
ever, an attempt at a flight manufa&ory of (tripped cot¬ 
ton flips, the fame as are made in the other parts of the 
ifland, for the ufe of the Africans on the main, who pay 
for them in (laves, elephants teeth, and that gum which 
is generally called arabic. 

Amidft the ruins of St Jago, the party found a Por¬ 

tuguefe, to whom one of them was recommended, and 

He had been a navigator ; and informed them that 
the ifle of Brava, one of the Cape de Verde’s, was a 
ftter and fafer place for (hips to call at for water and 

prcvifions than the ifland of St j7go ; that it had three 
had hours: one called Puerto Furno on the tad fide of 
the ifland, from which veffds mull warp, or he towed 

out by boats ; the Puerto Fajenclago to the weft ; and 
the Puerto Ferreo to the fouth, which wars the boil for 
large (hips, and into whiclv runs a fmall river. In an¬ 

other of the Cape de Verde iflands, called San Vicente, 
he obferved that there was alfo a large harbour on the 
north end, but that frcfli water was at fome dillanee 
from it : and there was likewife a good port at Bona- 

vifta. 1 his information of the harbours in the ifle of 
Brava was confirmed by accounts given by others to 

Sir Erafnius Gower, who recommends to make a trial 
of them. 

JALOI'FS, or Yaloffs, are an aftive, powerful, 
and warlike people, inhabiting great part of that tradt 
of Africa which lies betw een the Senegal and the Man- 

dingo dates on the Gambia (See Masdingoes iri this 
Supplement). Their nofes, lays Mr Park, me not fo 

much depreffed, nor their lips fo protuberant, as thofe 
of the generality of Africans ; and though their (kin is 
of the deeped black, they are confidered by the white 
traders as the moft fightly negroes in that "part of the 

continent where they live. They are divided into Se¬ 
veral independent dates or kingdoms, which are fre¬ 
quently at w*ar with their neighbours or with each ci¬ 

ther. In their manners, fupcrftitioris, and government, 
they have a gieater refemblance to the Mandingoes than 
to any other nation ; but excel them in the manufac¬ 
ture of cotton cloth, (pinning the wool to a finer thread, 
weaving ft in a broader loom, and dyeing it of a better 
colour. They make very good foap, by boiling ground 
nuts in water, and then adding a ley of wood allies. 

They likewife manufa&ure excellent "iron, which they 
carry to Bondou to barter; for fait. Their language is 
faid to be copious and figmficant, and is often learned 
by Europeans trading to Senegal. From tiie names of 
their numerals, as given by Mr Park, it would appear 

that their numeration proceeds by Jives, as ours does 
by tens. 

Our author relates the event of a religious war, which, 
as it difplays a generofity of chars&er very uncommon 
among favages, will afford pleafure to the minds of 
many of our readers. Almami Abdulkader, fovereigri 

of a Mahomedan kingdom called Foota Torra, fienMo 
Darnel, a king of the Jaloffs, an imperious meffage, 
commanding him and his fubje&s to embrace inftantly 
the faith of the prophet. The ambaffador having got 
admifnon to the prefence of Darnel, ordered ft,me Bufli- 

reens (i.e. Mahomedan negroes) wdio accompanied him, 
to prefent the emblems of his million. Two knives 
were accordingly laid before the Jaloff prince, and the 
ambaffador explained himfelf as follows : 

“ With this knife (faid he) Abdulkader will conde- 
feend to fliave the head of Darnel, if Darnel w ill em¬ 
brace the Mahomedan faith ; and with this other knife 
Abdulkader will cut the throat of Darnel, if-Damel re- 
fufes to embrace it: Take your choice.”—Darnel coolly 

told the ambaffador that he had no choice to make ; 

5^2 lie 
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JilofTs, he neither chofe to have his head fha^ed', nor his throat 

w ^an_a‘ , cut. And with this anfwer the ambaffador was civilly 
difmifled. 

Abdulkader took his meafure’s accordingly ; and with 
a powerful army invaded Daniel’s country. The inha¬ 
bitants of the towns and villages tilled up their wells, 
deihroyed their provifions, carried off their effects, and 
abandoned their dwellings, as he approached. By this 
means he was led on from place to place, until he had 

advanced three days journey into the country of the 
Jaloffs. He had, indeed, met with no uppofition ; but 
his army had fufFered fo much from the fcarcky of wa¬ 
ter, that feveral of his men died by the way. This in¬ 
duced him to divedt his march towards a watering place 

in the woods, where his men, having quenched their 
thirfl, and being overcome with fatigue, laydown care- 

lefsly to beep among the bullies. In this fituation they 
were attacked by Darnel before day-break, and com¬ 
pletely routed. Many of them were trampled to death 

os they lay afleep by the JalofFs horfes ,* others were 
killed in attempting to make their efcape ; and a Hill 
greater number were taken prisoners. Among the lat¬ 

ter was Abdulkader himfelf. This ambitious, or ra¬ 
ther frantic prince, who, but a month before, had fent 
the threatening meffage to Darnel, was now himfelf led 
into his prefence as a miferable captive. The behavi¬ 

our of Darnel, on this occasion, is never mentioned by 
* Tie h'lflo- the Tinging men* but in terms of the higheft appreba- 
rtjns of the j jon . an(] was> hideed, fo extraordinary in an Afri- 

cawtry. „ can prjnce> that the reader may lind it difficult to give 

credit to the recital. When his royal prifoner was 
brought before him in irons, and thrown upon the 
ground, the magnanimous Daniel, in Head of fetting his 
loot upon his neck, and ftabhing him with his fpear, 
according to the cullom in fnch cafes, addrefled him as 
follows : “ Abdulkader, anfweh me this qneftion. If 
the chance of war had placed rue in your fituation, and 

you in mine, how would you have treated me ?” “ I 
would have thru 1L my fpear into your heart (returned 
Abdulkader with great firmnefs) ; and I know that a 
iimilar fate awaits 11*0.” “ Not fo (laid Darnel) ; rny 
ipcar is incldedi red With-'lhe blood of your fubjedts kill- 
eel in battle, and $ could now give it a deeper Hain, by 

dipping it in yourtown ; but this would not build up 
my towns, -nor bring to life the theufands who fell in 
the woods. I will’ not therefore kill you in cold blood, 
blit I will retain you1 as my Have, until 1 perceive that 

your prefence in yotir own kingdom will be no longer 
dangerous to your neighbours ; and then I will confi- 
der of the proper way of difpofing of you.” Abdul¬ 
kader was accordingly retained, and worked as a (lave 
lor three months ; at the end of which period, Darnel 

liftcncd to the felicitations of the inhabitants of Foota 
Torra, and rellored to them their king. Strange as 

.this. Hory may appear, Mr Park lias no doubt of the 
truth of it. It was told to him at Malacotta by the 
negroes ; it was afterwards related to him by the Eu¬ 
ropeans on the Gambia ; by fome of the French at 
Goree ; and confirmed by nine Haves, who were taken 
prifoners along with Abdulkader by the watering place 
in the woods, and carried in the fame fhip with'him to 

the Weft Indies.—Such generofity as this rdledls ho¬ 
nour on human nature. 

* JARRA, is a town of confiderable extent in the 
Moorifli kingdom of Ludamar in Africa. Tfce houfes 

64 ] ICE 
are Built of clay and (lone intermixed, a kind of wall' Jhiv 
very common in many parts of Scotland, where clay is Ice-houf*. 

made to fupply the place of mortar. The greater part 
of the inhabitants of Jarra are Negroes from the bor¬ 
ders of the fouthern Hates, who prefer, fays Mr Park, 

a precarious protc&ion under the Moors, which they 
purchafe by a tribute, to the being continually expofed 
to their predatory hoftiiities. The tribute which they 
pay is confiderable ; and they manifeft the molt unli¬ 
mited obedience and fubmiffiori to their Moorifli fiipe- 
riors : by whom they are, in return, treated with the 

utmoft indignity and contempt. The Moors in this, 
arid the other Hates adjoining the country of the Ne¬ 

groes, referable in their perforis the Mulattoes of the 
Well Indies, and feem to be a mixed race between the 
Moors, properly fo called, of the north, and the Ne¬ 
groes of the fouth-; poftefiing many of the worH qua-r 

lities of both nations. Jarra is fituated in 150 5” N. 
Lat. and 6° 48' E. Long. 

IBIS. Under the generic name Tantalus fEtt- 

cyc^)> we have deferibed, after Mr Bruce, a bird which 
he found in Abyffinia, and concluded to be the facred 
ibis of ancient Egypt. M. Vaillant, during his laft 

travels in Africa, found, in fome lakes near the‘ ele¬ 
phants river, a bird very different from Mr Bruce’s, 
which lie confidered as belonging to the fame fpecies \ 
and which he deferibes thus : It is three feet in height. 
Its head and throat, which are extremely bare, are co¬ 
vered with a fkin of the brightefl red, terminated by a 
band of a beautiful orange, which feparates the naked 
part from that covered with feathers. The upper part 

of the wings, having broad HripCs of a fine violet co¬ 
lour, agreeably fhaded, is bordered by a white band of 
feathers, the thick and filky beards of which, feparated 
from each other, have a perfect refemblance to a rich 

fringe. The quills of the wings and tail are of a green¬ 
ish black, which, as it receives the light in a more 
or lefs oblique dire&ion, affumes the appearance of 
violet or purple. The reft of the plumage is of a beau¬ 
tiful white. The bill, which is long and fomewhat 
crooked, is yellow ; as are the feet. This bird belongs 
to the genus of the ibis, of which we are already ac¬ 
quainted with feveral fpecies. 

ICE-Housc. See that articl ^Encyclopedia: Pro- 
feffor Beckmann, in the third volume of his Hillory of 

Inventions, has proved clearly that the ancients were * 
well acquainted with what ferved the purpoffc of ice- 
houfes. 

“ The art (fays he) of preferving fnow for cooling 
liquors during the fummer, in warm countries, was 
known in the earlieft ages. This pra&ice is mention¬ 

ed by Solomon #, and proofs of it are fo numerous in * prcverh3 
the works of the Greeks and the Romans, that it isXxv. 15. 5 
unnecefiary for me to quote them, efpecially as they 
have beeiV colledted by others. How the repofitorlts 
for keeping it were conftru&ed, we are not exprefbly 
told ; but if is probable that the fnow was preferred in 
pits or trenches. 

“ When Alexander the Great befieged the city of 
Petra, he caufed 30 trenches to be dug, and filled With 

fnow, which was covered with oak branches'; and which 
kept in that manner for a long time. Phitarch fays, 
that a covering of chaff and coarfe cloth is fufficient; 

and at prefent a like method is purfued in Portugal. 
.Where* the fnow. has been' collected in’ a deep gulph, 

fome 
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fome grafs or green fods, covered with dung from the 

Theep pens, is thrown over it; and under thefe it ,is fo 
, well-preferved, that the whole fuminer through it is 
fent the dillance of 6o Sparnlh miles to Lilbon. 

‘•When the ancients, therefore, wifhed to have cooling 
liquors, they either drank the melted fnow, or put fome 
of it in their wine, or they placed jars filled with wine 
in the fnow, and fullered it to cool there as long as they 
thought proper. That ice was alfo preferred for the 
like purpofe,«is probable from the tdlimony of various 
authors ; but it appears not to have been nled fo much 

in warm countries as in the northern. Even* at prefent 
fnow is employed in Italy, Spain, and Portugal ; but in 

Perfia ice. I have never any where found an account 

of Grecian or Roman ice-houfes.. By the writers on 
agriculture they are not mentioned.” 

ICHNOGRAPHY, in architecture, is a tranfverfe 
or horizontal feCtion of a building, exhibiting the plot 

of the whole edifice, and of the feveral rooms avid apart¬ 
ments in any flory ; together with the thicknefs of the 
walls and partitions ; the dimenfions of the doors, win¬ 
dows, and chimneys ; the proje&ures of the columns and 
piers, with every thing vifible in fuch a feCtion. 

JEBB (John), was born in Southampton-lireet, Co¬ 
vent Garden, London, on the 16th of February 1736. 
He was the elded fon of the Rev. John Jebb, dean of 
Cafhel, in the kingdom of Ireland. He received the 

elements of his education in different fchools, and was 
admitted, July 7, 1753, penfioner in the univerfity 
of Dublin, whence he removed, November the 9th 
1754, to St Peter’s college in Cambridge, where he was 
likewife a penfioner. In January 1757 he proceeded to the 
degree of B. A. and his place in the dillribution of acade¬ 
mical honours was, on that occafion, fecond wrangler, the 
late eminent mathematician Dr Waring being the firft. 
In j 75 8 hp obtained the fecond prize of fifteen gui¬ 

neas, annually given by the univerfity to the authors 
of the belt compofitions in Latin profe, being femor 
or middle bachelors of arts. Dr Roberts, afterwards 
provoll of Eton college, obtained the firll. 

.In the month of June 1760, Mr Jebb was ad¬ 

mitted probationer fellow of St Peter’s college, and 
proceeded to the degree of Mailer of Arts at the com¬ 
mencement in the fame year ; and on the firfl of July 
1761, was confirmed fellow by Dr Mawfon, biihop 
of Ely. 

On the 6th of June T762, he was ordained dea¬ 
con at Bugden by Dr John Green, biihop of Lin¬ 

coln ; and on the 25th of September, 1763, he was 
admitted by the fame biihop into prieft’s orders. 

On the 22d of - Auguft, 1764, Mr Jebb was col¬ 
lated by Dr Matthias Mawfon, biihop of Ely, to the 
fmall vicarage of Gamlingay, near Potton, in Bedford¬ 
shire, upon the recommendation of Dr Law, mailer of 

Peterhoufe. On the 17th* of the following O&ober, 
he was eledled by the univerfity into the rectory of O- 

vington, near Watton, in Norfolk, after a competition 
with the Rev. Henry Turner, then fellow of St John’s 
college, afterwards vicar of Burwell, in Cambridgelhire. 
Upon calling up the votes, there appeared to be for 
Mr Jebb 91, for Mr Turner 73 ; and accordingly he 

was inflituted into the fame the j5th of December fol¬ 
lowing. 

On the 29th of the fame month, (December 1764) 

Mr Jebb married Anne, ddeft daughter of the Rev. 
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James Torkington, re6lor of Little Stukeley, in Hun- 

tingdonfhire, and of lady Dorothy Sherard, daughter ^ 
of Philip, fecond earl of Harborough. 

Early in the year 1.765, Mr Jebb, together with 

t|ic Rev. Robert Thorpe, fellow of Peterhoufe, and 

the Rev. George Wooifton, fellow of Sidney college, 

publilhed, in a fmall quarto, a comment ori thofe parts of 

Sir lfaac Newton’s Principta which more immediately 
relate to the fyllem of the world. rJfhe title of the joint 

Work of thefe able and judicious philofophers was, 
“ Excerpta quaedam e Newtoni principiis philofophize 
natuiahs, cmn notis variorum.,” A work, of which 

the univerfity of Cambridge continues to bear tellimo- 
ny to the excellence, by the general ufe of it in the 
courfe of academical education. 

Mr Chappelow profefior of Arabic, dying on the 
14th of January 1768, Mr Jebb offered himfelf a can¬ 
didate for the vacant chair; but it was given to Dr 
Hallifax, afterwards biihop of Gloucefler ; a man of de- 

ierved celebrity, of whom we regret that it was not in 
our power to give a biographical fketch. 

On July 10. 1769, Mr Jebb was inflituted to the vica- 
rage of blixton, near Bungay, in Suffolk, on the prefen- 
tation of William Adair, Efq. of Flixton-hall; and on 

the 4th of April 1770, was inllituted to the united 
1 edtoiies of Imomersfield and St Crofs, parifhes conti¬ 

guous, to I lixton, upon. the fame prefcntation : being 

alio, in the fuminer of the fame year, nominated chap¬ 
lain to Robert earl of Harborough. In confequence 
of the aecefiion of thefe preferments, though not con- 

fiderable in themfelvcs, he refigned, fome time in the 

month of Odober 1771, the redlory of. Ovington, 
which he had received from the univerfity ; and Mr 

Shcepfhanks, fellow of St John’s college, was eledled in 
his place. 

Dr Hallifax fucceeding to theiprefefforfhip of civil 
law, in the month of Odober 1770, upon the death of 

Dr Ridiingtou, Mr Jebb once more folicited that of A- 
rabic, which Dr Hallifax then vacated: but he had by this 

time difplayed fuch an innovating fpirit in religion, that 
the univerfity gave the vacant profefforfhip to Mr Cra¬ 

ven, a man refpeded even by Mr Jebb and bis friends. 
Early 111 the year 177j, a defign was formed of ap¬ 

plying to parliament for relief in the matter of fub- 
fcnption to the liturgy, and thirty-nine articles of the 
Chuich of England ; and in the profecution of this de- 
iign Mr Jebb took a very a dive part. He attended 

different meetings of the difeontented clergy, held at the 
Feathers tavern, London, a (lifted in the drawing up of 
their petition, and wrote their circular letter, which 
gave to the public an account of their aims. He bu¬ 
lled luinfelf at the fame time in making various at¬ 

tempts to bring about wliat he called a reformation of 
the univerfity of Cambridge : but finding them fruit¬ 
less, he retired, on the 25th of June 1772, to Bungay, 

where be itudied French and Italian,.and proceeded in 
a plan of fome political or conjlitational leSures. 

He bad by this time ceafed to read the prayers of 
the church, though he ftill continued to preach occa- 

fionally ; and the Archdeacon of Suffolk, holding, this 
year, his ufual vilitation ot feme neighbouring parifhes 

in the church of Flixton, Mr' Jebb preached fuch a 
fermon againft fubfcription, as drew upon himfelf a 

public rebuke from the Archdeacon, iV the prefeneb of 
the clerg)r. “Much altercation, (fays he) enfned'.; 

and 

Jebb. 
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nnd for fome days I exposed a fummona to Norwich; which arc dfential to the dignity and to the lihppmefs 
but have heard 110 more of it. I atled thus, with a of human nature.” Could °Dr Jebb have forefeeu all 
view to cal! the attention of the Norwich clergy to our the mifchfefs which have flowed from this inftitution : 
caufe ; and have in part fucceeded ” 

He aded much more honourably than this, when, 

in 1775. he refigned all his preferments in the church ; 

which fnrcly he ought not to have retained one day 
after his conference would not permit him to read the 
prayers of the liturgy. He now refolved to become a 

phyfician ; and after attending St Bartholomew’s hofi 
pital in London for fix months, as the pupil of Dr 
William Pitcairn, he received, on the 18th of March 

1777, a diploma of Doctor of Phyfic from the univer- 
fity of St Andrews ! ! He did not, however, com¬ 
mence praCtice till the 5th of February 1778 ; and even 

then he continued to attend the ledures of Dr Hun¬ 

ter, Mr John Hunter, and Dr Higgins. O11 the 18th 

of February 1779 he was eleCted a fellow of the Royal 
Society. 

Dr Jebb, at the breaking out of the American war, 

had fhewn himfelf at Cambridge a warm partisan of 

the revolting colonies ; and of couvfe a keen advocate 

for what lie called, and, we doubt not, thought, the 
civil liberties of mankind. He now fignalized him¬ 

felf by “ An addrefs to the Freeholders of Middlefex,” 

aftembled at Free mafon’s tavern in Great Queen-ftreet, 

on Monday, December the 20th 1779, for the purpofe 
of eftablifliiiig meetings to maintain and fupport the 

freedom of eledion. Upon this occafion, he commu¬ 

nicated to James Townfend, Efq. chairman of that 
meeting, the above addrefs, under the l'lgnature of 
“ Salus Publica;” prefuming, that if the fentiments 
appeared to be founded in reafon, they would not be 

the lefs regarded on account of their being fuggefted 
by an unknown individual.” 

This addrefs was immediately printed, and very 

foon palled through three editions, each being enlarged 
by the addition of frefti matter; and in 1782, followed 
the fourth edition corrected, which alio bore our au¬ 

thor’s name in the title page. 
About the end of February 1780, Dr Jebb was ap¬ 

pointed by the committee of the county of Hunting¬ 
don, one of their deputies, to attend a meeting in Lon¬ 
don of representatives from certain other petitioning 

counties, in order to concert meafures for the more ef¬ 

fectual reform of the prefent conftitution of the houfe 
of commons. Soon afterwards he became one of the 

mod active members of “ the focicty for conftitutional 
information of which the object, according to their 

own account, was to diifufe throghout the kingdom, 
as univerfally as poflible, a knowledge of the great prin¬ 
ciples'of conftitutional freedom, particularly fuch as re- 
fpeCI tlie election and duration of the representative body. 

“ With this view (fay they), conftitutional traCts, intend¬ 
ed for theextennon of this knowledge, and to communi¬ 
cate it to perfons of all ranks, are printed and diftri- 
buted gratis, at the expence of the fociety. Effays, 
and extracts from various authors, calculated to pro¬ 
mote the fame defign, are alfo pnbliflied under the di¬ 
rection of the fociety, in fcveral of the nevvfpspers ; 
and it is the wifh of tlie fociety to extend this know¬ 
ledge throughout every part of the united kingdoms, 
and to convince men of all ranks, that it is their inte- 
reft, as well as their duty, to fupport a free constitu¬ 

tion, and to n^aintain and affert thofe common rights, 

could he have forefeen the wonderful fpawn of tac¬ 
tions focieties which have fprnng from it as from a. 
parent (lock, our veneration for genius and learning 

will not permit us to believe, that he would have ne¬ 

glected the Rudies of his- profeflion for the fske of ta¬ 
king the lead in party politics. 

Dr Petit, one of the phyficians of St Barthclo-* 
mew’s hofpital, dying the 26th of May, Dr Jebb offer¬ 
ed himfelf a candidate to fucceed to that appointment. 
The eledion came on the 23d of June ; when Dr Budd, 

his antagonist, fucceeded by a great majority. 
The opposition which was made to his eledion at 

St Bartholomew’s, followed him in the winter, when 
he offered himfelf at St 'Thomas’s hofpital in the bo¬ 

rough. Indeed he relinquiihed bis pretenfions there 
founer than in the former place ; but for no other rea¬ 
fon than becaufe he found that ail his political prin¬ 
ciples were likely to be again objeded to him, and to 
hazard his fuccefs. 

In the year 1783 he concurred with others in form¬ 
ing “ the fociety for promoting the knowledg of the 

feriptures,” which met firft on the 20th of September 
in that year, and whofe meetings continued to be held, 
and, for "ought we know to the contrary, are (till held 
at Effex-houfe. The fketch of their plan was chiefly 
written by Dr Jebb ; and their objed was to propa¬ 

gate the dodrines of Unitarianifm, for which lie was as 
great a zealot as for civil liberty. 

His health now began to decline; but during his 
confinement, he ftiidied the Saxon language, the An¬ 
glo Saxon laws, Englifh hiftory and antiquities, with a 
view to examine into our criminal code, and particular 

points of libel tv. The vigour of his mind was flill 

equal to the furnifhing himfelf with this frefli (tore of 
knowledge ; he forefaw the advantage of fuch an ac- 
quiiition in the invefligation of the legal rights of Eng- 

lifhmen, and had defigned to have employed it in the 

fupport of fome great conftitutional queftions, which 
he confidered as eflential to the freedom of his country. 

But as the year began to dawn, it was very ob- 

fervable to many of his friends that, according to every 
appearance, and without fome very great and lingular 

effort of nature, his increafed debility would defeat 
every exertion of the moft judicious medical affiftance, 

and terminate the remaining fparks of human life. 
In this enfeebled Rate, his mind was aCtive. His 

“ Thoughts on Prifons” were printed and circulated 
in the county of Suffolk in 1785, by his much valued 
friend Mr LofFt ; and there is fufficicnt reafon for con¬ 

cluding that this little traCt had effeCt on the delibera¬ 
tions of the j allices at Ipfwich and Bury, then en¬ 

gaged in ereCting a new gaol for the divifton of Ipf¬ 
wich, and a new houfe of correction for that of Bury. 

The good effcCts of this very excellent trad, it 
was apprehended, would be extended by a more general 
publication. In this hope Dr Jebb revifed and cor¬ 
rected it with his dying band : and his furviving friend 
pnbliflied it foon after bis death, adding thereto “ an 

abftraCt of felonies created by llatute and other articles 
relative to the penal law. 

He continued to linger till May tlie 2d 1786, when, 
about 8 o’clock in the evening, he breathed his la ft, 

leaving 
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J living behind him, among” men of different .perfuafiorts, 
^Jerboa very different chara&ers. By the diffenters lie is. fel- 

dom mentioned but as the Great fehb ; by churchmen,, 
his abilities are univerfally allowed, whiltl regret is ex- 

preiled that they were fo often employed in jfnpport of 
•faction and herefy. His moral character has never 
been afperfed. 

JET FERSONI A, a new plant lately difeovered in 
Georgia by Dr Briekel of Savannah, and fo named by 

him i i compliment to the vice prcfident of the United 
States. [n the Monthly Magazine for July 1798 we 
have the following defeription of it ; 

JefferSonia pentendria monogynia. 

Calyx, below, compofed of live fhort oval imbricated 

leaves ; corolla, monophyllous, funnel-illaped on the, re¬ 
ceptacle, fib-pentangular, bearing the filaments nearthe 
bafe, its imrgin hypocrateriform, divided into five round 
du<°ts nearly equal ; jlyle, piriform, fliorter tlian the pe¬ 

tal, but longer than the ftamens »ftigma, quadripid ; an¬ 
thers, erefl, linear, fagittated ; fruit, two univalved, ea- 

rinated, polyfpermous capfules, united at the bafe, open¬ 
ing on their tops and contiguous iides, having flat feeds, 
with a marginal wing. 

Only one fpecies is as yet difeovered, Jeferfonia Jem- 
per-vireus. ^ It is a fhrub with round polilhed twining 

ftems, which climb up on bnfhes and fmall trees ; the 
petioles fhort, oppofite ; leaves oblong, narrow, entire, 

evergreen, acute ; flowersaxillary, yellow, having a fvveet 
odour. ^ The woods are full of this delightful fhrub, 
which is covered with bloffoms for many months in the 
year. 

JERBOA, fee Mus, Eticycl, where deferiptions are 
given of the jaculus or common jerboa, and of the Ara¬ 
bian, Egyptian, and Siberian jerboas. A variety of 
this animal has lately been found in Canada by Major- 

general Davies, F. R. S. and L. S. who fays it belongs 

to Schreber’s genus of Dipus, and may be thus charac- 

terifed : Dipus Canadensis palmis letradablylis, plaatis 
pen tada tty Its, cauda annulatet und'tque fetosa, cor pore Icn- 
gtore.' The truth, however, feems to be, that it is only 
a variety, if indeed a variety, of the Siberian jerboa. 

The beautiful figure indeed given by General Davies 

of the Canadian jerboa differs in fome refpe&s from our 
figure of the Sibericus. Its ears lie flat and farther 
down the nejk ; its belly is not fo large ; its toes are 
longer ; and it has no brufh at the end of the tale : but 
the habits of the two animals feem to be the fame. This 

will be apparent from the following ext rads of the Ge¬ 
neral’s letter to the Linnean Society : 

“ The firft I was fo fortunate to catch was taken 
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o rji .1 r ii r\r V lrtAU1 111 numoei or canoes and people conftantlv emnloved in 
ge field near the falls of Montmorenci, and by its this trade, make the king of Barra (fays Mr ParkV 

having ftrayed too far from the fl< rts of the » J -- c. ’.m ut . r- 8 , ivil. ^ark) having ftrayed too far from the fkirts of the wood, 
allowed myfelf, with the affiftance of three other gen¬ 
tlemen, to furround it, and after an hour’s hard chafe 
to get it unhurt, though not before it was thoroughly 

fatigued ; which might in a great meafure accelerate its 
death. 

“ During the time the animal remained in its ufual 
vigour, its agility was incredible for fo fmall a creature. 
It always took progreflive leaps of from three to four, 

impoffible to Jake them, from their wonderful agility, 

and their evading all purfuit by bounding into the thick* 
eft coyer they can find,” 

That the Canadian, as well as the Siberian Jerboa, 

ffeeps through the winter, feems evident from a fpecfrr.en 
having been found, towards the end of May, in doled 
m a ball of clay, about the lize of a cricket ball, nearly 

ail inch in thicknefs, perfe&ly fmooth within, and about 

twenty inches under ground. It was given to the Ge¬ 
neral ; who proceeds thus : 

“ How long it had been under ground it is irapoffi. 
ble to fay ; but as [ never could obferve thefe animals 

in any parts of the country after the beginning of Sep¬ 
tember, I conceive they lay themftlves up fome time in 
that month, or beginning of O&ober, when the frofl be¬ 
comes fnarp : nor did I ever fee them again before the 
laft .week in May, or beginning of June. From their 

being enveloped in balls of clay, without any appearance 
of fool, I conceive they deep during the winter, and 

remain for that term without fuftenance. As foon as 

} conveyed this fpecimen to my houfe, I depofited it, as 
it was, in a fmall chip box, in,fome cotton, waiting with 

gieat anxiety for its waking; but that not taking place at 
the feaion they generally appear, I kept it until I found 

it begin to fmell: I then fluffed it, and preserved it in 

its torpid pofition. I am led to believe, its not recover- 
ing fiom that Hate arofe from the heat of my room du¬ 
ring the time it was in the box, a fire having been con- 

ftantly burning in the ftove, and which, in all probabi¬ 
lity, was too great for refpinition. I am led to this 

conception from my experience of the fnow bird of that 
country, which always expires in a few days (after be¬ 
ing caught, although it feeds perfectly well) if expofed 

to the heat of a room with a fire or ftove ; but beino- 
nouriflied with fnow, and kept in a cold room or paffa<r^ 
will live to the middle of dimmer.” 

JETTE, the border made round the ftilts under a 
pier, in certain old bridges, being the fame with ilarling ; 
confiding of a ftrong framing of timber filled with ftones, 

chalk, Scc. to preferve the foundations of the piers from 
injuty. 

JiLLIFREE is a town on the northern bank of 
the river Gambia, oppofite to James’s ifland, where the 
Lnglifh had formerly' a fmall fort. The kingdom of 

Barra, in which it is fituated, produces great plenty of 
the neceffaries of life ; but the chief trade of the inhabi¬ 
tants is in fait, which they carry up the river in canoes ; 
and, in return, bring down Indian corn, cotton cloths 

elephants teeth, fmall quantities of Gold dull, &c. “ The 
number of canoes and people conftantly employed in 

more formidable to Europeans than any other chieftain 
on the river, and have encouraged him to eflablifh thofe 
exoibitant duties, which traders of all nations are ob¬ 
liged to pay at entry, amounting nearly to L. 20 on 
every veffel, great and fmall. Thefe duties, or cuftoms 

are generally colle&ed in perfon by the alkaid or gover¬ 

nor of Jillifree, who is attended by a numerous train of 

noify and troublefomc dependants, who, by their fre- 
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woods, amongft plants, where they chiefly refide, leap 

eopfiderably higher. When found in fuch places, it is 
grant their requefts. 

weft from Greenwich. 

Jerboa, 
jillifree. 

J3q 16'. Long. 160 io* 
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Wftnunati. ILLUMINATI is the name which was affumed by 

' v a fecret fociety or order, founded, on the firft of May 

Oljcd rf 1776, by Dr Adam Weiihaupt profeffor of euion law 
fi e ilumi. in the univerfity of Ingolftadt. The real object of this 

order was, by chmdeftine arts, to overturn every govern¬ 
ment. and every religion ; to bring the feicnces ot civil 
life into contempt ; and to reduce mankind to that ima¬ 

ginary Rate of Nature when they lived independent of 
each other on the fpontaneous productions of the earth. 

Its avowed objeft, however, was very different. It pro- 
fefTed to diffufe from fecret focieties, as from fo many 

centres, the light of feience over the world ; to propa¬ 
gate the pureil principles of virtue; and to rc-inftate 
mankind in the happinefs which they enjoyed during 

the golden age fabled by the poets. Such an object 
was well adapted to make a deep impreffion on the in¬ 

genuous minds of youth ; and to young men alone 

Weiihaupt at fir ft add re fled himfclf. 
It will naturally occur to the reader, that the means 

of attaining this glorious objedl fhoilld have been made 
as public as poffiblc ; and that tlic veil of fecrecy thrown 
over the proceedings of the order was calculated to ex¬ 

cite fnfpicion, and to keep even yovng men of virtue and 
fagacity at a diflance. In any other country than Ger¬ 
many fecrccy might perhaps have had this effedl ; but 
various circumflances cortfpired there to make it operate 

with a powerful attract ion. 
Ever fince free-mafonry had acquired fuch reputa¬ 

tion throughout Europe, a multitude of petty fecret 

focieties had been formed in the univerfities of Ger 
many, each having its lodge, its marter, its myfteries, 
all modelled on thofe founded by mafons coming from 
England and Scotland (a). Before the foundation of 
Weifhaupt’s order, thefe lodges, we believe, were in 
general harmlefs ; or if they were produ&ive of any 

evil, it was only by giving the youth of the univerfities 
a tarte for fccrecy and mifticifm. Of this Weifhaupt 
availed himfelf; and as foon as he had conceived the out¬ 

lines of his plan, and digefted part of his fyilem, he ini¬ 
tiated two of his own pupils, to whom he gave the names 

of Ajax and Tiberius, affuming that of Spartacus 

to himfelf. Thefe two difciples loon vying with their 
mailer in impiety (for it will be feen by and bye that he 

was mo ft impious), he judged them worthy of being ad- 
' mitted to bis myfteries, and conferred on them the high- 

ell degree which he had as yet invented. He called 
them Jlreopagites, denominated this monftrons affociation, 
THE ORDER OF ILLUMINATI, Or ILL U MIN EES, and in¬ 

flated himfelf general of the order. 
When public report fpread the news in Germany of 

this new order having been founded in the univerfity of 
Ingolftadt by Weiihaupt, it was generally fuppofed to 

be one of thofe little college-lodges which could not in- 
tereft the adepts after they had finifhed their ftudies. 
Many even thought that Weifhaupt, who was at that 
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time a fworn enemy to the Jefuits, had founded this lilumina^L 
lodge with no other view than to form a party for him- 
felf again ft thefe fathers, who after the fuppreflion of 
their order had been continued in their offices of public 
teachers at the univerfity of Ingolftadt ; and this opi¬ 
nion the illuniinees were at pains to propagate. His 
character, too, was at this time fuch as to remove every 

fnfpicion from the public mind. A feeming affiduity 
in his duty, and a great fhew of zeal and erudition in 
expounding the laws, caiily milled people to believe 

that his whole time and talents were engroffed with the 
ltudy of them ; and if we are to credit his own account, 
Ingoiftadt had never witnefled a profeflor fo well calcu¬ 
lated to add new luftre to its univerfity. 2 

This feems, indeed, to have been the general opinion Art of th^ 

as well as his own ; for, fome time after the foundation ^oun^er* 
of his order, he applied himfelf with fuch diligence and 
apparent candour to the duties of his office, that he was 

chofen what Abbe BarrueLs tranflator calls superior. 
of the univerfity. This new dignity only added to his 

hypocrify, and furnifhed him with frefn means of carry¬ 
ing on his dark defigns. He converted his houfe into 
one of thofe boarding houfes where young men, perpe¬ 
tually under the eye of their mailers, are fuppofed to 
be better preferved than anywhere elfe from the dangers 
which threaten them at that age. He folicited fathers 
and mothers to entruft their children to his care ; and, 
counterbalancing in fecret the leffons which he was ob¬ 
liged to give in public, he fent home bis pupils well 
difpofed to continue the fame career of fedu&ion which 
he himfelf carried on at Ingolftadt, Atrocionlly im¬ 
pious, we fee him (fays M. Barrnel), in the fir ft year 
of his illuminifm, aping the God of Chrillianity, and or¬ 

dering Ajax, in the following terms, to propagate the 
dodlrines of his new gofpel : “ Did not Ciirift fend his 
apoftles to preach his gofpel to the univerfe ? You that 
are my Peter, why (hould you remain idle at home ? Go 

then and preach.” 
Thefe preachers had yet received no particular defig- 

nation ; for when his firft adepts were initiated, he was 
far from having completed the code of his order. He 
knew that years and experience were neceffary to per- 
fcdl that gradual fyftem of initiations and trials which, 
according to the plan he had conceived, his novices 
were to undergo ; but he could not endure the idea of 

facrificing years to mere theoretic projects ; and he 
flattered himfelf with the hopes of fupplying th& defi¬ 

ciencies of his incomplete cede by provisional regula¬ 
tions and private inftrudlions, and of acquiring affociates 
who would receive his new gofpel implicitly, and co¬ 

operate with him in all his views. 3 
At length, however, the code was completed, andThele& 

the fe£l divided into two grand claffes ; and each of thefe^lV^e^n'. 

again fubdivided into leffer degrees, proportionate to thet0 c a 

progreis of the adepts. 
The 

(a) Such, we are lorry to fay, is the cafe Hill. In a letter, dated the loth of May 1799, which wc received 
from a gentleman of learning and honour then refiding in Upper Saxony, is the following account of the univer¬ 
fity of Jena : “This univerfity contains from two to three thoufand ftudents, who are almoft all republicans, 
and go about the country in republican uniforms. They are all formed into clubs or fecret focieties ; and the 

quarrel of one member of a cl'ub is taken up by all. The confluence is, that the number of duels among the 
■different clubs is inconceivable. The weapon is generally the fabre, and the duel often ends in the death of one 

of the combatants.” Yet gentlemen of Great Britain fend their fons to Germany to be educated ! 
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Th*JrJ! clafs is that of Preparation. It con- 

'tl!,ns f°"r degrees, viz. thofe of Novice, of Minerva/, of 

Minor lttuminee\ or Illuminatus Minor, and of Major 
Illuminee, or Illuminatus Major. To this clafs belong 

like wife fome intermediary degrees, borrowed from free- 

mafonry, as means of propagation. Of the mafonic 

degrees, the code of the illummati admits the fir ft three 

without any alteration ; but it adapts more particularly 

to the views of the fed the degree of Scotch Knight, and 

ftyles it the degree of Directing Illuminee, or Illuminatus 
dir/get is. 

The fecond clafs is that of the Mysteries, which 

are fubdivided into the lejfer and greater myjeries. The 

lefier comprehend the priefthood, and adminiftration of 

the fed, or the degrees of priefts, and of regents or princes. 

In the greater myjleries are comprehended the two 
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The perfons to be excluded were all fuch as would Illuminati. 
expole the order to fulpicion or reproach. All indif- s-v™~' 
creet talkers, all who were proved violent, and difficult to 

be managed, all addided to drunkennefs, and all Pagans, 
Jews, and Jefuits, were to be rejeded. As the patron¬ 

age of princes would tend much to enrich and ftrengthen ' 
the fociety, it was agreed to admit them to the inferior 
degrees, but they were never to be initiated into the 

grand my (tones ; they were never to rife beyond the 
degree of Scotch knight. ^ 

Phe perfons to be feleded were young men of all Perform 
ltations, from eighteen to thirty ; but particularly thofe Lr'Ter for 

wnofe education was not completed, and confequently the crder» 
whofe habits were not formed. « Seek me out (fays 

Weiffiaupt in his dire&ions to the inllnuator) the dex¬ 
terous and daffiing youths. We muft have adepts who are 
in imifllinn- A,11 tit 

6 
The re¬ 
cruiter. 

■ “ In all thefe daill-s, and in every decree ffays the 1" A hPfZnlh* f°eiable ” .In another Place lle ^ys, 

Abbe Barruel), there is an office of the mmoit confe- the wen mide men and hTndf°" ^ tlj^ ^gure, and 
quence, and which is common to all the brethren It are penerdlv „f • ome young fellows. They 

k 0kf"Zf”Ln“0U,TcT' 

doms, in order to propagate the dodnnes of illuminifm. the very mirrors of th£ heart and^uT8’ Ohf^1^ T* 
Weilhaupt propofed to felefi as his apoftles either weak look, the gait, the voice Everv « !' 1 C 
men, who would implicitly obey his orders, or men of lead* hq tn yl l r v ^ exteinal appearance 

abilities, who would improve the office by artffices of Tho^rh 8 ^ WH° T * f01' °Ur fch°o1” 
their own. It was, however, a duty whTchevevbother all ITl T yet perfons of 

™«»iifi..««*o.«„tic,inSIC™'d:i JLk;™'\c!rT- 
f/s:! bdng for",er “"de"n'<i •-'™'r ddi"j sSrfT-,5 

~ .. ncbcs! or learnjng- _ “ Spare no pains (faysTobefe 
Weiffiaupt), fpare nothing in the acquifition of fuch Led by 
a epts. It heaven refufe its fuccour, conjure hell. whatever 

To ftimulate the ardour of the brother infinuator, he 
was appointed fuperior over every novice whom he 
ffiould convert. .To affift his judgment, he was inltruft- 

ed in three important points concerning the defeription 
of men whom he ought to feted for converfion, the 
means which he ought to employ for enticing them to 

tl f PI* f r \ P A £1 v /4 4- L. n _ .a. 1 1 ) 1 i . , . 

Fleaereft nequeas fiperos, Acheronta moveta.’ 

Perfons were to be Tingled out from thofe profeffions 
which give men influence over others, or put them in 

means; 

^ 1 . 
To pry in¬ 
to the cha- 
raders of 
all men. 

E,^;t^^--*-hheoughttottudyto the ml ^ 

To enable the recruiter to determine whom he ought pelintenda^of eSaS* 7™' fdl0olmaftels> a"d 

to telcd for converfion, he was to infinuate himfelf into after with much care ^ooktelte'68’ "Tto be fou^ 
all companies ; he was to pry into the chara&er of ^11 r- f .* c n' ^°°^‘e^ers> poft-mafters, and 

whom he ffiould meet with, whether friends relations Tho^DmTffi ° P<^.'^lces, were alr° to be felcded. 

ft rangers, or enemies ; he ias to write down aU his ! 'u as £'Y f T^ t0 fpCak and 

CJ % j J-j 7 -- r Lciy.il 1U1 oust 

and weak lides, their paffions and prejudices, their in¬ 
timacies, their interefts, and their fortune. This journal 
was to be tranfmitted twice every month to the fupe- 
riors; by which means the order would learn who were 
friendly or hoftile to their views, and who were the in¬ 

dividuals to whom they ought to dired their arts of fe- 
dndion (b). 

Suppl. Vol. I. Part II. 

L /r ,TT :-- ^ ucy arc worm 
having (fays Weiffiaupt), but they are fometimes real 
devils, fo difficult are they to be led ; they are, how. 
ever, worth having when they can be gained over.” 

.ery exertion was to be made to gain the officers of a 
prince, whether prefidi'ng over provinces or attending 
him in his councils. “ He that has done this, has done 
more than if he bad engaged the prince ffimfelf.” 

5 E ’ There 

(.) A. a fpecim.n of ,ha joaraal. t.p, by ,kt inli,anJ of ,h« oli.rafl,,, .lid. t|« fel(M 

for 
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Illuminati. There was alfo another defcription of men of whom 

Weifhaupt very wifely judged that they would be ad¬ 
mirably lilted for the diffusion of his dodrines. Tliefe 
were the difappointed and diffatisfied. “ Seled thofe 
in particular (fays he) who have met with misfortune?, 

not from accidents, but from fome injuilice; that is to 
fay, in other words, the difeontented ; for fucli men are 

to be called into the bofom of illuininifm as into their 

jo proper afylum. 
And their When the infinuator has made choice of his vidim, 
characters required to draw from his diary a view of his cha- 

to^theh^c- ra&er> opinions, principles, and connedions. This he 
riors.£ ^ is to tranfmit to the fuperiors for their examination, and 

that they may compare it with the diaries which they 
have already received, perhaps from different inlinuators. 
When the choice of this infinuator is approved, the fu¬ 

periors determine which of the infmuators will be belt 
qualified to perform the tafk of feducing their candidate. 

Two different methods were recommended ; one of 

which was to be employed in enticing men who were 
fomewhat advanced in life or diftinguifhed by feience ; 

the other was to be ufed in feducing young men whofe 

TI charader was not formed. 
Proper me- With men of knowledge, who had already imbibed 
thods of fc- the principles of modern philofophifm (for no true phi- 
ducing men j0f0pher3 were to be attempted), the infinuator was to 

lid™™* affume the charader of a philosopher well acquainted 
£ with the myfteries of ancient times. He was to defcant 

upon the importance of the fecret dodrines tranfmitted 

by tradition, to quote the gymiiofopliifts of India, the 
priefts of lfis in Egypt, and thofe of Eleufis, with 
the Pythagorean fchool in Greece. He was to learn 

by heart certain paffages from Ifocrates, Cicero, and 
Seneca, that he might have them ready upon all occa- 
fions. He was to throw out hints, that thefe fecret 
dodrines explained the difficult queltions concerning 
the origin and order of the univerfe, the Providence of 

God, the nature of the foul, its immortality and future 

deftination ; he was to infpire them with the belief that 
the knowledge of thefe tilings would render life more 
agreeable and pain more fupportable, and would enlarge 
their ideas of the majefty of God: he was then to declare 

that he had been initiated into thefe mylteries. If the 
candidate expreffed any curiofity to be made acquainted 

with them, the infinuator was firfl to afeertain his opi- Illuminati, 
nions upon fome leading points, by propofing to him to  -r—— 
write a dilTertation upon certain queltions. Should the 

anfwers not pleafe the infinuator, he was to relinquifh 
his prey ; but ffiould they be fatisfaCtory, the candidate 
was to be admitted to the firlt degree. 

When the feleded vidim was young, and had not im-Andyouno 
bibed any of thofe opinions which correfponded with men, 

the principles of the fed, a different method was to be 
followed. “ Let your iirft care (fays the legiihtor to 
his infmuators) be to gain the affedion, the confidence, 
and the elteem of thole whom you are to entice into the 
order. Let your whole condud be fuch, that they fliall 
furmife fomething more in you than you wifh to fliew 5 
hint that you belong to fome fecret and powerful fo- 
ciety ; excite by degrees, and not at once, a wifii ir* 
your candidate to belong to a fiinilar fociety. Certain 
arguments and certain books, which the infinuator muff 

have, will greatly contribute to raife fuch a wifh ; fuch, 
for example, are thofe which treat of the union and 

flrength of afrociations.” 
Every infinuator mull be provided with books of this 

fort. But that their fuccefs might not depend folely 
upon books, Weifhaupt gave to his difcfples a fpecimen 
of the artifices which they might employ. The infi¬ 
nuator might begin by obferving, that a child in the 

cradle, abandoned to itfelf, is entirely lielplefs; and that 
it is by the afliftance of others that it acquires llrength ; 
and that princes owe their greatnefs and their power to 
the union of their fubjeds. Then the infinuator might 
touch on the importance of knowing mankind, and the 

arts of governing them ; that one man of parts might 
eafily lead hundreds, even thoufands, if he but knew his 
advantages. He was next to dwell upon the defers of 
civil fociety; to mention how little relief a man can ob¬ 
tain even from his belt friends; and how very neceffary 
it is for individuals to fupport one another in thefe days : 
to add, that men would triumph even over heaven were 

they but united. He was to adduce as examples, the 
influence of the freemafons and of the Jefuits. He was 
to affert, that all the great events which take place in the 
world depend upon hidden caufes, which thefe focieties 

powerfully influence. He was to awahe in the breaft 
of his pupil the defire of reigning in fecret ; of prepa¬ 

ring. 

for propagating their principles, we fhall give the charader of Zwack, denominated Cato, as it is deferibed in the 

tablet of his infinuator Ajax (Maffenhaufen). 
« Francis Xaverius Zwack was fon of Philip Zwack, commiffary of the Chambre de Cvmptes, and vvas born at 

Ratifbon ; at the time of his initiation (29th May 1776) he was twenty years of age, and liad iinifhed his col- 

lege education. . . . 
tt He was then about five feet high ; his perfon emaciated with debauchery ; his confutation bordering on me¬ 

lancholy ; his eyes of a dirty grey, weak and languifhing ; his complexion pale and fallow ; liis health weak, and 
much hurt by frequent diforders; his nofe long, crooked and hooked ; his hair light brown ; gait precipitate ; 

his eyes always call towards the ground ; under the nofe, and on each fide of the mouth, a mole. 
“ His heart tender and philanthropic in an extaordinary degree ; but ftoic when in a melancholy mood; other- 

wife a true friend, circumfped, referved, extremely fecret 5 often fpeaking advautageoufly of himfelf; envious of 
other people’s perfections; voluptuous; endeavouring to improve himfelf; little calculated for numerous alfem- 
blies; choleric and violent, but eafily appeafed ; willingly giving his private opinions when one has the precaution 
to praife him, though contradidling him ; a lover of novelties. On religion and confluence widely differing from 

the received ideas ; and thinking precifely as he ought, to become a good member of the order. 
“ His predominant paffions are, pride, love of glory, probity ; he is eafily provoked has an extraordinary 

propenfity for myfteries ; a perpetual cuftom of fpeaking of himfelf and of liis own perfections ; he is a Per#“ 
fed mafter in the arts of difiimulation ; a proper perfon to be received into the order, as applying himfelf parti¬ 

cularly to the ftudy of the hurnah heart.” Such is tlie charader of the beloved difciple of Weifhaupt, the in¬ 

comparable Cato, and a leader of the fed of the illuminees l 
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Illuminati. ring in his clofet a new conftituticm for the world ;#and 

of governing thofe who think they govern others. 

After tliefe, or other artifices of the fame kind, have 
been employed, if the candidate be infpired with an ar¬ 
dour to be initiated, and give fatisfadlory anfwers to the 
qu eft ions propofed to him, lie is immediately admitted 
a novice. But fhould he rejed all means of fedu&ion, 

let him take heed to imfelf; “ for the vengeance of fc. 
cret focieties is not a common vengeance; it is the hid¬ 
den fire of wrath. It is irreconcileable ; and fcarcely 
ever does it ceafe the purfuit of its victims until it has 
feen them immolated.” 

1 he period of the noviciate varied according to the 
age of the new convert to illuminifm. At firfl it con¬ 
tinued three years for thofe under 18 years of age, 
two } eais for thofe between 18 and 24, and one year 

for thofe who were near 30 ; but it was afterwards 
ihortened, 

The novice was not acquainted with any of the or¬ 
der except his infinuator, under whole direction lie 
remained during his noviciate. The firfl leffons which 

he was taught refpeCted the inviolable nature of the fe- 
crecy which every illuminee was obliged to obferve. 
Ide was told that filence and fecrecy were the very foul 
of the order ; that ingenuoufnefs was a virtue only with 
refpeCft to his fuperiors ; and that diftruft and referve 
weie fundamental principles. He was enjoined never 

to fpeak of any circumftaiice relating to the order, con¬ 
cerning his own admiflion, or the degree which he had 
received, not even before brethren, without the ftrong- 
efl neceflity ; and was required to fign a declaration to 

„ this purpoie. 

Dictionary, e novice was next taught the didionary of the or- 
geography, der, its geography, calendar, and cypher. To prevent 

and cypher P°^kflity of difeovery, every illuminee received a 

ot the or- nevv name> w^ch chgrafteriftic of his difpofitions, 

I L L 

der. or of the fcrvices which were expe&ed of him. Thus 

W eifhaupt, as we have obferved, was called Spartacus, 
becaufe he pretended to wage war againft thofe oppref- 

fors who had reduced mankind to flavery; and Zvvack, 
as we have feen, was named Cato> becaufe he had writ¬ 
ten a differtation in favour of filicide, and had once de¬ 
termined to commit that crime. 

According to the new geography of the order, Ba¬ 
varia was called Achaia ; Munich was called Athens; 

Vienna was named Rome; Wurtzburg was denomina¬ 
ted Carthage; and Ingolftadt, the fountain of the or- 
der, was called Ephefus, and by the profound adepts 
Eleufis. The novice had alfo to learn the Perfian ca¬ 
lendar, which the order had adopted. Their era began 

A. I). 630. The months received new names : May 

was called Adarpahafcht; June, Char dad; July, Ther- 
meh; Auguft, Mcrdedmeh; and fo on. The cypher 

confifted of numbers which correfponded to the letters -^—- t, me idiers 

of the alphabet, in this order a> by c, dy anfwering to the 
lumbers 12, i t, 10, 9. 

The novice had next to ftudy the Jlatutes of the illu- 
mtnees, which he was afiured contained nothing injurious 
to the ftate, to religion, or to good morals. He was 

next defired to apply himfelf to acquire the morality of 
the order; which he was to do, not by reading the gof- 
pels, but by perufmg Epi&etus, Seneca, and Antoni- 
nus, and by ftudying the works of the modern fo- 

phifts Weiland, Meiners, and HeJvetius, &c. The ftu- 

cy of man was alfo recommended as the moil intereft- 

771 3 
ing of all the feience$. He was tauglit this ftuJy not li'umlnatf. 
merely as a fcience, but as an art. A model of a jour. '-<-* 

nal was given him, and he was required to in fort in it 

obiervatiuns upon the character of every perfon that he 
happened to meet with. To quicken his diligence, the 
infinuator occasionally examined his journal! In the 

mean time, the inimuator was watching him as a centi- 
nel, and noting down regularly observations upon the 

defects and merits of his pupil, which he alwavs fent to 
Ins fuperiors. J ^ 

The great obje<ft of the infinuator was to entangle the Novice o- 

novice, and to bind him indiffolubly to the order. Withbii£ed to 

this view he required the novice to draw a faithful pic-£™ha 
ture of himfelf, under the pretence that he would thusraaer. 
know himlelf better. He defired him to write down his 
name, Ins age, his country, his reiidence, and his em¬ 
ployment ; to give a lilt of the books in his library ; to 

Hate his revenue; to enumerate his friends and enemies, 
and the caufe of his enmities. He was alfo to give a 
fimilar account of his father and mother, his brothers 

and fitters, and to be very careful in pointing out their 
paflions and prejudices, their ftrong and weak fides. 

In the mean time, the infinuator was occupied in 
drawing up a new llatement of every thing he had been 

able to difeover of the clianifter and conduitt of the no¬ 

vice. This ftatement was tranfmitted to the fuperiors, 
compared with the former. If the novice was approved, 
he was then admitted to the fecond degree, upon his an¬ 
fwering, in a ttitisfaftory manner, 24 grand queftions, 

which might enable the order to judge of his principles 
and the credit to which lie was entitled, and would fix 
him down by ftronger ties to the authority of the fu- 

penors. The deteftable principles of the illumiiiees 
now begin to appear, as will be evident from the fol¬ 
lowing queftions which we have feledted : 

Have you ferioufly refle&ed on the importance of the 
ftep you take, in binding yourfelf by engagements that 

are unknown to you ? Should you ever difeover in the 
order any thing wicked or unjiift to be done, what part 1, 

wol™ 5'0U ta^e ■ U° you, moreover, grant the power Power of 
of life and death to our order or fociety ? Are youlifeancl 

difpofed, upon all occafions, to give the preference to S-a h_ 
men of our order oyer all other men ? Do you fubjeettthe fS 
) ourielf to a bund obediencey without any rejlr'ulion what- 

foever ? 

The novice having thus furrendered his con fcience, 
lus will, and his file, to the devotion of the confpirators, 
and thus fubfcribed, with his own hand, and confirmed 
by his oath, a refolution to become the moil abjecl 

Have, was now deemed qualified to afeend to the fecond 
degree, called Minerval. 

In the dead hour of midnight lie was conducted to a 
retired apartment, where two of the order were waiting , 

to receive him. The fuperior, or his delegate, appear- Admiflion 
rl .-V A 1 I-_ a . * .1 - . « 

in,* . r _ 7 0 appear* Aanutaon 
ed ltanding 111 a fevere and threatening pollure; he heldt0 th« de- 
a glimmering lamp in his hand, and a naked fword lay Kree of M‘- 
before lnm. The novice was allied, whether he dill per.n*rVaI‘ 
fitted in his intention of adhering to the order? Upon 

anfwering in the affirmative, he was ordered into a dark 
room, there to meditate in filence on his refolution. On 
his return, he was ftriftly and repeatedly quettioned if 

he was determined to give implicit obedience to all the 
laws of the order ? The infinuator became fecurity for 
his pupil, and then requefted for him the protection of 

the order, which the fuperior granted with great folern- 

5 E 2 nity, 
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. 19 , 
Ivli nerval 
academy; 

10 

Its library. 

Illuminati, nity, protefting that nothing would be found there hurt- 

* ' ful to religion, to morals, or to the Hate. Having thus 

faid, the fuperior takes up the naked fword, and point¬ 
ing it at the heart of the novice, threatens him with the 

fatal confluences of betraying the fecrets of the order. 
The novice again takes an oath, by which he binds 

himfelf, in the moil unlimited manner, to lervc the or¬ 
der with his life, honour, and eftate, and to obferve an 

inviolable obedience and fidelity to all his fnperiors. 
He is then admitted a Minerval, and henceforth is al¬ 
lowed to attend the academy of the fe6t. 

The Minerval academy was compofed of 10, 12, or 
15 Minervals, and placed under the dire&ion of a ma¬ 
jor Iliuminee. It met twice every month in an inner 
apartment, feparated from the other rooms of the man* 
fion by an antiehamber ; the door of which was to be 

fhut with care during the meeting, and ftrongly fecu- 
rtd by bolts. At the commencement of every meet¬ 
ing, the prefident read and commented upon fome fe- 
\t£\ paffages of the Bible, Seneca, Epidletus, Marcus 
Aurelius, or Confucius ; evidently with a view of dimi- 
nilhing the reverence for the facred writings, by thus 
placing them on a level with the heathen moralifts. 
Then each brother was afked what books be had read 
fince laft meeting, what obfervations he had made, and 
what fervices he had performed for promoting the fuc- 
cefs of the order ? 

To each Minerval academy a library belonged. This 
was formed by the contributions of the brethren, by 
prefents of books, and by another method very extra¬ 
ordinary. All Illuminees a&ing as librarians, or keep¬ 
ers of archives, were admonifhed to (leal fuch books or 
xnanuferipts as might be ufeful to the order. At one 
time, fending a lift of the books which he wifhed to be 
embezzled from the library of the Cannes, Weijhaupt 

fays, “ AU thefe would be of much greater life if they 
were in our hands. What do thole rafeals do with all 

thefe books ? 
Every brother at his admifiion was required to declare 

to what art or fcience he meant chiefly to apply ; and 
it was expetfted that he fhould afterwards every year 
give an account of the difeoveries or improvements 
which he had made. All the other brethren who were 
occupied in the fame ftudies, were deified to give him 

every poffible afliftance. Thus a kind of academy was 
formed, to which thofe who could not ferve it by their 
talents might give pecuniary contributions. That this 
academy might have the appearance of a literary focie- 
ty, prizes were annually diflributed ; the beft difeourfe 

was published, and the profits lent to the coffers of the 

order. 
Every month the prefident was to take a review of the 

faults which he had obferved in his pupils, and examine 
them concerning thofe which they might have been con- 
feious of in themfelves ; and it would be an unpardon¬ 
able negleft, fay the ftatutes, fhould any pupil pretend 
that, during the fpace of a whole month, he had re¬ 

marked nothing reprehenfible. 
It is impoffible to read thefe rnlcs without admiring 

them. Were men but half as anxious, attentive, and 
careful, to render themfelves good citizens and good 
men, as thefe men were to render themfelves fuccelsful 

^thefdeT confyirators, what a bleffed world fhould we fee! 
gree of mi- The Minerval was rigoroufly ferutinized, whether he 
nor illumi was ready to fubrait to every torture, or even to com* 
ues. 

mit fuicide, rather than give any information againft the Illummatu 
order. Suicide was reckoned not only innocent, but ho- nl 
nourable, and was alfo reprefented as a peculiar fpecies 
of voluptuoufnefs. In order to dffcover the fentiments 
of the Minervals upon this fubje&, they were required 
to write a differtation upon the character and death of 
Cato, or any firnilar fubjedf. They were alfo defired 

to difeufs the favourite dodlrine of Weifhaupt, that the 
end fantltfies the means; a principle of the moil perni¬ 

cious tendency, which would render calumny, affaffina- 
tion, {edition, and treafon, laudable and excellent. Next, 

they were called upon to compofe a differtation, by which 
their opinions concerning kings and priefts might be af- 

certained. If they performed all thefe talks with the 
fpirit of an infidel, and the defperute firmnefs of a con- 
fpirator, they were then judged worthy of being pro¬ 
moted to the degree of minor iliuminee. 

The minor illuminees held meetings firnilar to thofe 
of the Minerval academy. It was neceffary that the 
prefident fhould be one who was railed to the degree of 

prieft, and initiated in the myfleries ; but he was re¬ 
quired to perfuade his pupils, that beyond the degree 
which he had attained there were no myfteries to be 

difclofed. The minor illuminees were to be fo trained, vii or il- 
that they might look upon themfelves as the foundersluminees 

of the order ; that by this powerful motive they might Gained f°r 
be animated to diligence ar\d exertion. With this view, t!^e deSrce 
hints were fcattered rather than precepts enjoined. It 
was infinuated, that the world was not fo delightful as 
it ought ; that the happinefs for which man was made 

is prevented by the misfortunes of fome, and the crimes 
of others ; that the wicked have power over the good; 

that partial infurre&ion is ufelefs ; and that peace, con¬ 
tentment, and fafety, might be eafily obtained by means 
drawn from the greateft degree of force of which hu¬ 
man nature is capable. Such views, it is added, anima¬ 

ting a feeret fociety, would not only be innocent, but 
moft worthy of the wife and well-difpofed. 

Weifhaupt had formed, with peculiar care, a code 
for this degree, which was intitled, Injlrudtions for form- 

ing ufeful Labourers in Jlluminifm. Thefe inftrudlion3 
diicover anaftonifhing knowledge of human nature, and 

are drawn up with a degree of fyftematic coolnefs which 
perhaps no confpirator before him ever exhibited. He 
lays down rules, by which the chara&er of almoft any 

perfon may be afeertained. He recommends to the 
minor illuminees, to attend to the conduct of any per¬ 
fon entrufled to their care, at two periods ; when he i3 

tempted to be what he ought not to be, and when, re¬ 
moved from the influence of every external temptation, 
he follows the di&ates of his inclination. They were 
to fiudy the peculiar habits and ruling paffions of each ; 
to kindle his ardour by defcanting on the dignity of the 
order, and the utility of its labours ; to infufe a fpirit 
of obfervation, by afking queftions, and applauding the 
wifdom of the anfwers; to corre& the failings of their 
pupil, by fpeaking of them as if they were not his, 
and thus making him judge in his own caufe ; to in- 
ftrucl and advife, not by tedious declamation, but by 
fometimes dropping a few words to the purpofe, when 

the mind fhould be in a proper ftate to receive them; 
Above all, they were directed to avail themfelves of 
thofe moments when they obferved a pupil difeontented 
with the world. (i It is then (fays Weifhaupt) yoa 

muft prefs the fwelling heart, ftimulate the fenfibility. 
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and demonstrate how neceffary fecret focieties are for difcovered by the following queries : « When he finds Illuminati. 
the attainment of a better order of things.” himfelf with different parties, which does he adopt • ----- 

Having paffed with applaufe through the ftates of the ftrongeft or the weakeft ; the wittieft or the molt , 
probation already defcnbed, the minor ilium,nee is ftupid ? Or does he form a third? Is he conftant and 

*4 
Candidates 
for higher 
degrees 
fubmit to 
new trials. 
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promoted to the rank of major illuminee, or Scotch 
novice. As major illuminee, he is encompafled with 
more rigid chains ; and as Scotch novice, lie is dif- 

patched as a mifiionary into mafonic lodges, to convert 
the brethren to illuminifm. 

The candidate for this degree is ftri&ly examined, in 
order to difcover what opinions he now entertains con¬ 
cerning the objedl of the fociety ; the motives that 
prompted him to join it ; whether he is difpofed (till to 

•co-operate with the reft of the brethren in accomplifh- 
ing the grand objed ; and whether he be a member of 

any other fociety ; and what are the duties which it re¬ 
quires. 

The fertile genius of Weifliaupt is not exhaufted ; he 
has ftill in referve artifices more profound, and bonds 
more powerful ; his refources keep pace with the pro- 
grefs of his fchemes. He now lays a fnare for his pu¬ 
pils, from which he hopes none can efcape, and there¬ 
fore he flatters himfelf they are his for ever. He de¬ 

mands of every candidate for higher degrees, to write, 
as a proof of confidence, a minute and faithful account 
of his whole lire, without any referve or difiimulation. 
Referve or difiimulation would indeed be vain ; for the 
mo ft fecret circumftances of his life are already well 
known to the adepts, by means of innumerable fpies, 
who, by the appointment of the fuperiors, have, un¬ 
known to him, been watching and feminizing all his 
a&ions and words, his temper, pafiions, and opinions. 

Now is prefented to the candidate the code of the 
brother ferutator, called by the order the nofee te ipfum 
(know thyfelf). This is a catechifm, containing from 
a thoufand to fifteen hundred queftions, concerning his 
perfon, his health, his education, his opinions, his in- 
clmations, his habits, his pafiions, his prejudices, and 
even his weaknefles. Queftions are alfo propofed re- 
fpe&ing his acquaintances, his relations, friends, and 
enemies. The candidate is required to enumerate his 
favourite colours, to deferibe his language, the nature 
of his converfatiou, his gait and gellures. Nothing, in 
fhort, is omitted that can tend to diftinguifh his charac¬ 
ter as an individual, or as a member of fociety. Upon 
many qualities in his character, thirty, forty, or forne- 
times near a hundred queftigns are propofed. The 
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aftonifhing care Weifliaupt employed to diferiminate 
chara&ers. 

Is his gait flow, quick, or firm ? Are his fteps long,, 
fhort, dragging, lazy, or /kipping ? Is his language re¬ 
gular, disorderly, or interrupted ? In fpeaking, does he 
agitate his hands, his head, or his body with vivacity? 
Does he clofe upon the perfon he is fpeaking to ? Does 

he hold him by the arm, clothes, or button-hole ? Is 
he a great talker, or is he taciturn ? If fo, why ? Is it 

through prudence, ignorance, refped, or flotli ? See.. 
Concerning his education, he is queftioned to whom 
does he owe it ? Has he always been under the eyes of 
his parents ? How has he been brought up ? Has lie 
any elleem for his mafters ? Has he travelled, and. in 
what countries ? 

By thefe queftions his temper and difpofitions might 
he accurately known. His leading pafiions would be 

firm in fpite of all obftacles ? How is he to be gained ? 
by praife, by flattery, or low courtfliip ; by women, 

money, or the entreaties of his friends ? Does he love 
fatire ; and on what does he exercife that talent ; on re¬ 
ligion, hypocrify, intolerance, government, minifters, 
monks ?” &c. 

All thefe queftions are to be anfwered and illuftrated 
by fadls. It is neceflary to obferve that the feruta- 
tors alfo give in written anfwers to all thefe queftions. 
When the candidate has thus given a minute hiftory of 
his life, and revealed all his fecrets, his foibles, his er¬ 
rors, his vices, and his crimes, Weifliaupt triumphantly 
exclaims, “ Now I hold him ; I defy him to hurt us ; 
if he fhould wifh to betray us, we have alfo his fe¬ 
crets. 

1 he adept is next introduced into a dark apartment, 
where he folemnly fwears to keep fecret whatever he 
may learn from the order. He then delivers up the' 
hiftory of his life, fealed, when it is read to the lodge, 

and compared with the character drawn of him by the 
brother Imitators. A corner of the veil is now lifted 
up, ftill, however, with extreme caution. Nothing ap¬ 

pears palpable but the pureft principles and molt ge¬ 
nerous defigns. At the fame time many things arc 
darkly fuggefted, which are incompatible with purity 
and gencrolity ; for while the utmoft care is employed 

to deceive the underftanding, nothing is negledted that 
can tend fecretly to corrupt the heart. A number of 

queftions are aiked ; the evident intention of which is 
to make the adept diicontented with the prefent moral 

government of the world, and to excite the defire of 
attempting a great revolution. After anfwering thefe 
queftions, the feeretary opens the code of the lodge ; 
and having informed the young illuminee that the oh- 
je6I of the order is to diffule the pure truth, and to 

make virtue triumph, he proceeds to fhow that this 
is to be accomplifhed by freeing men from their preju¬ 
dices, and enlightening their underftanding?. “ fi\> 

attain this, (continues the feeretary), we muft trace 
the origin of all feiences, we muft reward opprefied ta¬ 
lents, we muft undertake the education of youth ; and, 
forming an indifloluble league among the molt powerful 
gennifes, we mult boldly, though with prudence, com- rn ♦ r . M, 1 m V gcmuics, we mutt boldly, though with prudence com- 

following fpec,men will enable the reader to judge what bate fuperftition, incredulity ,and folly ;P:,nd atengTh 
aftoniihmg care Weifliaupt employed to diferiminate form onr n«,n|. ♦ „ ;.,n „.,.i •/ ’ . &ttl 
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0“r people to true, juft, and uniform principles on 
all fubjetfe.” The feeretary adds, that in attempting 
to diveft vice of its power, that the virtuous may be re- 

warded even m this world, the order is counteracted by 
princes and prtejls, and the political conjlitulions of na¬ 
tions ; that, however, it was not intended to excite re¬ 
volutions and oppofe force by force, but merely to 
bmd the hands of the protectors of diforder, and to 

govern without appearing-to command ; that the pow¬ 
ers of the earth muft be encompaffed with a legion of 
indefatigable men, all direfting their labours towards 
the improvement of human nature. Were there but 
a certain number of fuck men in every country, each 
m.ght form two others. “ Let thefe (fayg he) only 

A,iUT-ed’ 3nd n°thlnS wm be ™poffible to our order." 
All this is very fpecious ; it is well contrived to fafei- 
nate. the imagination of the young, and the heart of. 

, the. 
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tended regard to virtue and to the happinefs of mankind, 

is concealed a mod formidable conspiracy againft the 
peace of the world. 

After this addrefs is delivered, the major illuminee 
is prefented with the codes of the infinuator and feru- 
tator ; for he mud now infpedl the pupils of the infi- 
nuators, and mud exercife the office of ferutator while 
prefiding over the Minerval academies. *5 

knight. 

The degree The next degree, which is that of Scotch knight, 
of Scotch is both intermediate and dationary. It is dationary 

for thofe who are not fufficiently imbued with the 
principles of the order, and intermediate for thofe who 
have imbibed the true fpirit of illuminifm. The Scotch 

knights were appointed the dire&ors of all the prepa¬ 
ratory degrees, and to watch over the intereds of the 
order within their diflridl. They were to dudy plans 

for increafing the revenues of the order, and to endea¬ 

vour to promote to public offices of confidence, of 
power and wealth, as many of the adepts as poffibie ; 
and to drive to acquire an abfolute fway in the ma- 

fonic lodges. They were to procure the management 
of the mafonic funds ; and while they were to perfuade 
the brethren that thefe were expended according to 
their own orders, they were to employ them for pro¬ 
moting the views of the older. Thus one office of the 

Scotch knights was to embezzle the money that was 
entruded to them, in order to dilfufe truth, and to make 
virtue triumph. 

After paffing with applaufe through this long and 
tedious probation, the adept is introduced to the clafs 
of the myderies. He is not yet, however, made ac¬ 
quainted with the whole fecrets of the fociety ; he mud 
dill fubmit to new trials; his curiofity mud be farther 
excited, his imagination mud be kept longer upon the 
dretch, and his principles of depravity be rendered 
more violent and inveterate before the vail be entirely 
withdrawn, which will difeover to him Weilhaupt and 

his infernal crew, plotting the deftru&ion of the laws, 
fciences, and religion of mankind. The degree of 
epopt or pried, to which the adept was next raifed, 
opened to view, however, fo great a part of the myf- 

teries, that the reader will be fully prepared to expert 
the fecrets which remain to be unfolded in the other 

degrees. 
Before being admitted to the degree of epopt, the 

adept was required to give a written anfwer to ten pre¬ 
liminary quedions. The infinuations againd the eda- 
blifhed order of the world, which had formerly been 
(lightly mentioned, inereafe now to an indiredl propo- 
fal to attempt a complete revolution. The candidate 

is afked, whether he thinks the world has arrived at 
that happy date which was intended by nature ? Whe¬ 
ther civil affociations and religion attain the ends for 

which they were deligned ? Whether the fciences are 
conducive to real happinefs ? or whether they are not 
merely the offspring of the unnatural ftate in which men 
live, and the crude inventions of crazy brains ? It is then 
propofed as a quedion, whether there did not in an- 
tient times exid an order of things more fimple and 
happy ? What are the bed means for redoring man¬ 
kind to that date of felicity ? Should it be by public 
meafures, by violent revolutions, or by any means that 
would enfure fuccefs P Would it not be proper, with 

this view, to preach to mankind a religion more per- 
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fe&, and a philofophy more elevated ? And, in the 
mean time, is it not advifable to diffeminate the truth 
in fecret focieties ? 

Should the anfwers given to thefe quedions accord 
with the fentiments of the order, on the day fixed* for 
the initiation, the candidate is blindfolded, and, along 
with his introducer, is put into a carriage, the win¬ 
dows of which are darkened. After many windings 

and turnings, which it would be impoffible for the 
adept to trace back, he is condu&ed to the porch of 

the temple of the myderies. His guide drips him of 
the mafonic infignia which he wore as a knight, re¬ 
moves the bandage from his eyes, and prefents him 
with a drawn fword ; and then having llricffly enjoined 
him not to advance a dep till he is called, leaves him 
to his meditations. At length he hears a voice ex¬ 
claiming, “ Come, enter, unhappy fugitive; the fa¬ 
thers wait for you ; enter, and ffiut the door after you.” 

He advances into the temple, where he fees a throne 
with a rich canopy rifing above it, and before it, lying 
upon a table, a crown, a feeptre, a fword, feme pieces 
of gold, and precious jewels, interlaid with chains. 
At the foot of the table, on a fcarlet cufhion, lie a 
white robe, a girdle, and the fimple ornaments of the 
facerdotal order. The candidate is required to make 
his choice of the attributes of royalty, or of the white 
robe. If he choofe the white robe, which he knows it 

is expected he fhould do, the hierophant, or inftnietor, 
thus addreffes him : u Health and happinefs to your 
great and noble foul. Such was the choice we expected 
from you. But flop ; it is not permitted you to in- 
ved yourfelf with that robe, until you have heard to 
what we now dedine you.” The candidate is then or¬ 
dered to fit down ; the book of the myderies is open¬ 
ed, and the whole brethren liden in filence to the voice 
of the hierophant. 

(Humiiutt, 
V—— 

26 
Prepara¬ 
tions for 
the prieft- 
hood. 

The exordium is long and pompous; much artifice In ftru&ion $ 
is concealed iti it, and much eloquence displayed. 0 

expatiates on the fuhlime and generous views of the fo- 1 * 
ciety ; evidently with the delire of lulling afleep the 
fufpicion of the candidate, of exciting him to admira¬ 
tion, and of infpiring him with enthufiafm. The hie¬ 
rophant then proceeds to nnveil the myderies. He 
launches out into a fplendid defeription of the original 
date of mankind ; when health was their ordinary date, 
when meat, and drink, and fhelter, were their only 

wants. At that period (fays he) men enjoyed the 

mod inedimabie bleffings, equality and liberty ; they en¬ 
joyed them to their utmod extent : but when the wan¬ 
dering life ceafed, and property darted into exidence ; 
when arts and fciences began to flourilh ; when a dif- 
tin&ion of ranks and civil affociations were edablilhed, 
“ liberty was ruined in its foundation, and equality dis¬ 
appeared. The world then ceafed to be a great fami¬ 
ly, to be a fingle empire ; the great bond of nature was 
rent afnnder.” Wants now increafed, and the weak 
imprudently fubmitted to the wife or the drong, that 
they might be prote&ed. As the fubmillion of one 
perfon to another arifes from wants, it ceafes when the 
wants no longer exid. Thus the power of a father is 
at an end when the child has acquired his jlreiigth. 
Every man, having attained to years of diferetion,, 
may govern himfelf; when a whole nation, therefore, 

is arrived at that period, there can exid 110 farther plea 
for keeping it in wardlhip. 

Such 
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oucn a ftate as that of civil fociety, Is then repre- adepts for the conqueft of this land of promife, is to Illuminati. 

fen ted as incompatible with the pradice of virtue, diminifli the wants of the people ; and according^ the -- 
“ With the divifion of the globe, and of its Hates, be- code denounces eternal war with every fpecies of "com- 28 
ne vole nee (fays the hierophant) was reftrained within merce. Hence the hierophant proceeds to inform theses 
certain limits, beyond which it could no longer be ex- candidate, that he who willies to fubjed nations tomiesto^ 

tended. 1 atiiotifm was deemed a virtue ; and lie was his yoke, need but to create wants, which he alone can commerce, 
it y led a patriot who, partial towards his countrymen, fatisfy. “Confer (fays he) upon the mercantile tribe 
and unjult to. others, was blmd to the merits of (Iran- fome rank or fome authority in the government, and 
gers, and believed the very vices of his own country to you will have created perhaps the moft^formidable,’ the 

be perfedions. We really beheld (continues he) pa- mol despotic of all powers. He, on the contrary,’who 
trio trim generating localifm, the confined fpirit of fa- wiflies to render mankind free, teaches them how to 
inilies, and even egoifm. Diminifh, rejed that love of refrain from the acquifition of things which they can- 
country, and mankind will once more learn to know not afford : he enlightens them, he infufes into them 
and love each other as men. Partiality being cafl afide, bold and inflexible manners. If you cannot diffufe at 
a union of hearts will once more appear, which will ex- the fame inllant, this degree of liaht among all men 

pand itfe!f ever the globe.” _ at leaf! begin by enlightening yourfelf, and by render’ 
Ihefe uiiphiloiophical declamations, enthufiaftically ing yourfelf better. The mode of diffnling univerfaT 

pronounced, at length make the profylete exclaim, in light is, not to proclaim it at once to the whole world 
umfon with his mailer, “Are fuch then the confe- but to begin with yourfelf; then turn to your rext 
quences of the inftitution of Hates, and of civil fociety ? neighbour : you too can enlighten a third and a fourth • 
O folly ! Oh people ! that you did not forefee the fate let tliefe in the fame manner extend and multiply the 
that awaited you ; that you Ihould yourfclves have fe- number of the children of light, until numbers and force 
conded your defpots in degrading human nature to fer- jhall throw power into your hands. You will foon ac 

vitude, and even to the condition of the brute 1” quire fufficient force to bind the hands of your opponents] 

Having wrought up the profelyte to this pitch of to fubjugate them, and to ftifle wickednefs in the ern- 
frenzy, and enumerated all the evils which, according bryo i. e. you will foon be able to ftifle every prin- 

to Weifhaupt, anfe from political afiociation, the hie- ciple of law, of government, of civil or political focietv 
rophant cotnes to reveal the means by which the grie- whofe very inftitution, in the eyes of an illuminee 'is 
vancts of the human race may be rcdrelTed. “ Provi- the germ of all the vices and misfortunes of human na- 
dence (he lays) has tranfmitted the means to us of fe- ture. 
cretly meditating, and at length operating, the falva- 
tion of human kind. Thefe means are the fecret 
fehools of philofophy. Thefe fchools have been in all 
ages the archives of nature, and of the rights of man. 
Thefe fchools (hail one day retrieve the fall of human 
nature, and princes and nations shall disappear 

FROM THE FACE of the earth ; and that without any 
violence. Human nature (hall form one great family, 
and the earth (hall become the habitation of the man 
of reafon. Reafon Jhall be the only book of laws, the foie 
code of man. This is one of our grand myjleries. Attend 
to the demonftration of it ; and learn how it has been 
tranfmitted down to us.” 

This pretended demonftration makes part of the fame 
fophiftical harangue ; and confifts in panegyrics on the 
dignity of human nature; in a bafelefs morality ; and 
in a fcandalous perverfion of the Chriitian Scriptures, 
with a blafphemous account of the miniftry of the Sa¬ 
viour of the world. 

“ What ft range blindnefs (continues the hierophant) 
can have induced men to imagine, that human nature 

was always to be governed as it has hitherto been ? 
Where is the being who has condemned men, the beft, 
the wifeft, and the moil enlightened men, to perpetual 
flavery ? Why ffiould human nature be bereft of its 
moft perfect attribute, that of governing itfelf ? Why 
are thofe perfons to be always led who are capable of 
conducing themfelves ? Is it then impofiible for man¬ 
kind, or at lead the greater part of them, to come to 
majority ? Are we then fallen fo low as not even to feel 
our chains, as to hug them, and not clierifh the flatter¬ 
ing hope of being able to break them, and recover our 

liberty ? No ; let us own that it is not impoffible to 
attain universal independence.” 

The principal means which Weifhaupt offers to his 

The hierophant, continuing to infill on the neceffityqq^?? 

of enlightening the people to operate the grand revo-rallty; 
lution, feems to be apprehenfive that the candidate 
may not yet clearly conceive the real plan of this re¬ 
volution, which is in future to be the foie objed of all 
his inilrudions. Let your inilrudions and lights be 
unjverfally diffufed; fo (hall you render mutual fecurity 
univerfal ; and fecurity and inJlruSion will enable us to 

l*w without prince or government. The in ft ruction 
which is to accomplifh this great end, is inftrudion ia 
morality, and morality alone ; for “ true morality is no- 

thing elfe than the art of teaching men toJhake off their 
wardjhip, to attain the age of manhood ; and thus to 

need neither princes nor governments. The morali¬ 
ty which is to peiform this miracle, is not a morality 
of vain fubtleties. It is not that morality which, de¬ 
grading man, renders him careltfs of the goods of this 
world, forbids him the enjoyment of the innocent plea- 
fures of. life, and infpires him with the hatred of his 
neighbour. . Above all, it muft not be that morality 
which, adding to the miferies of the miferable, throws 
them into a ftate of pufillauimity and defpair, by the 
threats of hell and the fear of devils. It muft be a divine 

dodrine, fuch as Jefus taught to his difciples, and of 
which he gave the real interpretation in his fecret con¬ 
ferences.” 

The impious hierophant then proceeds, with match- 3° 
lefs blafphemy, to reprefent the Redeemer of mankind Ahnd 

as teaching, like the Grecian fophifts, an exoteric andchrffi 
an efotenc dodnne. He deferibes him as the grand 
matter of the illuminees ; and affirms, that the objed of 
his fecret, which is loft to the world in general, has 
been preferved in their myfteries. It was “ to rein- 

ftate mankind in their original equality and li¬ 

berty, and to prepare the means. This explains in 

what 
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} jinn-naM. what fenfe Chrift was the Saviour and Redeemer of the 

'~~v' ' world, The do&rine of original fin, of the fall of 
roan, and of ln"s regeneration, can now be uiiderftood. 
The hate of pure nature, of fallen or corrupt nature, 
nnd the hate of grace, will no longer be a problem. 
Mankind, in quitting their hate of original liberty, fell 
ficm the hate of nature, and lojl their dignity. In their 
civil fociety, under their governments, they no longer 
live in the ftate of pure nature, but in that of fallen 
nnd corrupt nature. If the moderating of their paflions, 

and the diminution of their wants, reinllate them in 
their primitive dignity, that will really conftitute their 
redemption and their Jlate of grace. It is to this point 
that morality, and the moit perfe& of all morality, that 
of Jefus, leads mankind. When at length this dodlrine 

fliall prevail throughout tire world, the reign of the 
good and of the elcdl fliall be eftablifhed. 

This language (as M. Barruel obferves) is furely 
not enigmatical ; 3iid the profelyte who has heard it 

gj without fhuddering, may flatter himfelf with being 
Preparato- worthy of this Antichriftian priefthood. He is led 
ry iites to back to the porch, where he is inverted with a white 

tunic and broad fcarlet belt of filk. The fleeves of 
the tunic, which are wide, are tied in the middle and 

at the extremities with ribbons like wife of fcarlet; and 
the candidate is recalled into the temple of myrteries. 

He is met by one of the brethren, who does not per¬ 
mit him to advance till he has declared “ whether he 

perfectly underftands the difeourfe which has been read 
to him ; whether he has any doubts concerning the doc¬ 
trines taught in it ; whether his heart is penetrated 
with the fanFtity of the principles of the order ; whe¬ 
ther he is fenfihle of the call, feels the ftrength of 

mind, the fervent will, and all the difinterertednefs re- 
quifite to labour at the grand undertaking ; whether he 
is ready to make a facrilice of his will, and to fuffer 

himfelf to be led by the mort excellent fuperiors of the or- 

3» d:rl" . . * 
Initiation to The rites of the preceding degree were in impious de- 
the nrieil- rifion of the facrament of the Lord’s fupper ; thofe of 
hood. the prefent are an atrocious mimicry of facerdotal ordi¬ 

nation ; at which, as every one knows, the Lord’s fup¬ 
per is likewife celebrated. A curtain is drawn, and an 
altar appears with a crucifix upon it. On the attar is a 
bible ; and the ritual of the order lies on a reading defk, 
with a cenfer rtnd a phial full of oil befide it. The 
dean, or prefident, who a efts the part of a bifhop, bleffes 

the candidate, cuts hair from the crown of his head, 
anoints him, clothes him in the veftments of the prieft- 
liood, and pronounces prayers after the fafhion of the 
order. He prefents him with a cap, faying, “ Cover 
thyfelf with this cap ; it is more precious than the 
royal diadem.” The mock communion is then dirtri- 

buted ; and it confifts of milk and honey, which the 
dean gives to the profelyte, faying, “ This is that 
which nature gives to man. Reflect how happy he 
would ftill have been, if the defire pf fuperfluities had 

'not, by depriving him of a tafte for fuch fimple food, 

multiplied his wants, and poifoned the balm of life ” 
The ceremonies are terminated by delivering to the 
epopt that part of the code which relates to his new 

Dutie3 of ^e£ree* 
the jirieft Among the inftru&ions which it contains, the fol- 
tjr epopt. lowing are more particularly worthy of notice. The 

epopt, fays the code, “ will take care that the wri- 
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tings of the members of the order fliall be cried up, and Illuminjuu 

, that the trumpet of fame fliall be founded in their ho- v—~v— 
nour. He will alio find means of hindering the review- 
ers from cafing any fufpicions on the writers of the fe<rt.” 
He is likewife inrtrudted to bribe the common people 
into the interefts of the order, and to corrupt their 
minds, by getting pofieffion of fchools and other femi- 
naries of learning. But “if it be necefiary for us to 

be mail ers of the ordinary fchools (fays the impious le- 
giflator), of how much more importance wiil it be to 
gain over the Ecclfiajlic feminaries and their fuperiors ! 
With them we £ain over the chief part of the country ; 

we acquire the fupport of the greatej} enemies to innovation ; 
and the grand point of alt is, that through the clergy 
we become mqjlers of the middle and lower elejfes of the 

people.” _ 34 
From the degree of epopt or prieft are chofen the Qualifies- 

regents or prince-illuniinees. On making this choice, fays t^°,ns f°r 
the code, three things of the utmoft confequenee are 
be obferved. “i/?, The greateft referve is neceffary° 8 U * 
with reipetft to this degree : 2dly, Thofe who are ad¬ 
mitted into it, mull be as much as portable free men, and 
independent of princes : %dly, They muft have clearly ma- 

nifefted their hatred of the general confutation, or the ac¬ 
tual Jlate of mankind; and have fhewn how evidently 
they wifh for a change in the government of the world.*9 
If thefe requifites be found in an epopt who afpires to 
the degree of regent, fix preliminary queftions are put 
to him ; of which the obvious meaning is to difeover, 
whether he deems it lawful and proper to teach fubje£ts 
to throw off the authority of their fovereigns, or, in 
other words, to dertroy every king, miuifter, law, ma- 
giftrate, and public authority on earth. 

When thefe queftions are anfwered to the fatisfac- 
tion of his examiner, he is informed, “ that as, in fu¬ 
ture, he is to be entrufted with papers belonging to the 
order of far greater importance than any which he has 
yet had in bis poffefiion, it is neceffary that the order 
fhould have farther feenrities. He is therefore com¬ 
manded to make his wilf and infert a ctaufe with re-* 
fpedl to any private papers which he may leave, in 
cafe of fudden death. He is to get a formal or juridi¬ 
cal receipt for that part of his will from his family, or 
from the public magiftrate ; and he is to take their 
promifes in writing, that they are to fulfil his inten- ^ 

tions.” This precaution being taken, and the day fix- Admiflion 
ed for his inauguration, he is admitted into an ante-to this de- 

chamber hung with black, where he fees a fkeleton, gree* 
elevated two fteps, with a crown and fword lying at 
its feet. Having given up the written difpofitions, See. 

refpedling bis papers, his hands are loaded with chains 
as if he were a Have, and he is left to his meditations. 
A dialogue then takes place between his introducer and 
the provincial, who is feated on a throne in a faloon ad¬ 

joining. It is in a voice loud enough to be heard by 
the candidate, and confifts of various queftions and 
anfwers ; of which the following may ferve for a fpeci- 
men : 

Prov. Who has reduced him to this ftate of fia- 

very ? 
Anf. by the Introd. Society, Governments, the 

Sciences, and fatfe Religion. 
Prov. And he wilhes to caft off this yoke, to be¬ 

come a feditious man and a rebel ? 
Anf. No; he wifhes to unite with us, to join in 

OUR. 

[ 1 
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Illuminati^ OUR FIGHTS against THE CONSTITUTION of go- 

vernments, the corruption of morals, and the profa¬ 
nation of religion. He wifhes, through our means, to 

become powerful, that he may attain the grand ul¬ 

timatum. 

Prov. Is he fuperior to prejudices P Does he prefer 
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nous an import ; it is the key of the ancient and mo- tthnrinati. 
dern, the religious and political, hiftory of the uni. ---- 
verie.” 

This caution of the chief confpirator has deprived 
us of the power to give fo particular an account of 
thefe degrees as we have done of the preceding:; but 
the Ahbe TWnw.i .1_. .i r ’ , v * ^4 .o .H., a srasBwa sar# 

• - - ■ two> vlz- that of Magus, and that of the Man-king ; 
n n f K ^ l , „ H a__ H • *» i jdtif* Such have been his promifes. 

Proy. Afk him, whether the fkeleton which is be¬ 
fore him be that of a king, a nobleman, or a beggar ? 

^nf. He cannot tell ; all that he fees is, that this 
fkeleton was a man like us ; and the character of man 
is aU that he attends to. 

After a great deal of infidious mummery like this, 
the epopt is admitted to the degree of prince ; but be¬ 
fore his in veil it lire with the inhgnia of that order, he 
is exhorted to be free, i. e. to be a man, and a man 
who knows how to govern hbnfelf; a man who knows 
his duty, and his imprefcriptible rights; a man who 
ferves the umverfe alone ; whofe a&ions are folely direft. 
ed to the general benft of the world and of human na¬ 

ture. ^ Every thing elfe (fays the provincial) is injus- 

T/^ ^ l°ri£ panegyric is then made on the hap- 
ptnefs which will be experienced by mankind, when 
every father of a family {hall be fovereign in his tran¬ 
quil cot ! when he that wifhes to. invade thefe /acred 
rights fhall not find an afylurn on the face of the earth ! 
when idlenefs fha'J be no longer iuffered ; and when the 

36 clod of ufeful fciences fball be cajl fde (c) ! 

degree.f C ^,ls degree confifted in extending out 

the aims to a brother with the hands open ; the gripe 
was to feize the brother by the two elbows, as it were 

to prevent lnm^ from falling ; and the word was re¬ 

demption ! 1 lie epopt was invefled with his princi¬ 

pality by receiving a buckler, boots, a cloak, and a 
hit . onA * .. 1 _ . 1 1 /. 
hat ; and on receiving the boots he was defired to fear was in Germany recommended from S°P^ 
no road which might lead to the propagation or diT- noza. RnrvelA » it F_ r rr • no road which might lead to the propagation or dif- 
covery of happinefs. Thus decorated, the prince illu- 
mince received the fraternal embrace, and heard the in- 
flru&ions for his new degree. — 

One would think that the adept had now arrived at 
the very acme of profanenefs and treafonable confpi- 

racy. He has been initiated in myfteries which bur- 
kfque Chriftianity and its Divine Author, and at the 
fame time vow vengeance againfl all government, all 
law, and all fcience : yet Weifhaupt, in a letter to Ca¬ 
to Zwack, his incomparable man, fays, that he has com. 
pofed four degrees above that of regent, or prince* il- 
luminee ; with refpeft even to the lowef of which, his 

and that thefe two conftituted the greater myste¬ 

ries. When the adept was admitted to the degree of 
magus, he was illuminized only in nhilofopliv and reli¬ 
gion ; when to that of marking, new lights were given 

him refpeding property, and every fpecies of political 
alTociation. The Abbe quotes a paffage from the Cri¬ 
tical hi/lory of all the degrees of illuminifrn, written by a 
man of honour, who had pafTed through them all, which 
will give the reader a Efficient idea of the obiedl of 
thefe lafl degrees. 

“ With refped to the two degrees of rna^us and ofObje<as of 
man king (fays this writer), there is no reception, that cl,c deSree* 
.s to fay, there are no ceremonies of initiation. Even 

the eledt are not permitted to tranferibe thefe degrees ; king, 
they only hear them read, and that is the reafou why 

I do not publifh tliem in this work. The full is that 
of Magus, called alfo philofopher. It contains the 
fundamental principles of Spinozifm. Here every thing 
ts material; God and the world arc but one and tlie 

fame thing ; all religions are inconfifteiit, chimerical, 
and the invention of ambitions men.” 

That this is the do&rine of Spinoza, and that Spi¬ 
noza was an atheift, i? moft certain ; but though no¬ 
thing can be ejfentially worfe than atheifm, we are ftrong- 
ly inclined to fufpeil that, at the initiation of the Ma¬ 

gus, expiefiions mull have been uled mortjboikin? at 
leaf to the ear than the philofophic jargon of the apof- 
tate Jew. It is long fince the philofophy of Spinoza 

noza, Encycl.) ; it is but very lately that a profeffer in 
the umverlity of Jena publifhed a book, in which he 

teaches that there is no God, and that we abfurdlv give 
that title to the relations of Nature (d) ; and fometliing 
approaching fo near to atheifm had been communicated 
to the adept when he was admitted to the prieflhood, 
that we are perfuaded Weifhaupt mull have alluded to 
language at leaf! different from that in which Spinoza 
taught his dark dodtrines, and that language, accompa¬ 
nied perhaps with impious and audacious geftnres, when 
he fa id that,, compared with his higher mylteries, his 
degree of pried was but child’s play. 

What gives fome degree of probability to this con- 
degree of prieft will be found no mo're than child’, jeftu™. iilt be 

play. « '1 lie ntual of thefe degrees,- (fays he , I by the Abbe Barrueh During the French revobt on 

-—--- 5 F appeared 

(c) This will naturally furprife our readers ; but it could not furprife him to whom it was addreffed . 
when candidate for the prieflhood, he had been alked, « Do the fcLces which men cuhivate fur.St’hfJ 
with leal lights . Are they conducive to real happinefs ? Are they not, on the contrary, the offspring- of num 
beliefs wants, and of the unnatural ftate in which men live ? Are they not the crude inventions of crazy briins >’> 

l iere were, however, to be academies for the cultivation of fuch fciences as fuited the def.gns of the orde'r 
Each academy was to confift of nine epopts, of whom feven were to prefide refpeaivelv over fo mnv / 

ments of fcience, whilft the other two were to officiate as fecretaries One o/the departmentsInldtdTlm 
occult fciences, to wh.ch belonged the art of raiftng the feals of the letters of all who belonged not to order 
and of fecuring their own letters agamft lunilar pradices ! ! , g not to the orou, 

(d) We learned this from the letter already quoted in note (a). 
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Illuminati, appeared (e), dreffed in the facerdotal robes of the il- 

r v_’~ luminees, and perfonally defying Almighty God. “ No l 

Athrifin (faid the impious wretch) thou doft not exiil. If thou 
and haft power over the thunderbolts, grafp them ; aim them 

at the man who dares let thee at.defiance in the face of 
thy altars. But no ! I blafpheme thee, and I (till live. 
No 1 thou doft net exift.” It will be feen by and bye, 
that the chiefs of the revolution, and even numbers of 
their tools, were illuminized ; and is it improbable that 
this blafphemer, who was arrayed in the infignia of the 
epopts, made nfe of the language and geftures of the 
higher myfteries? Whether it be or not, M. Barruel 
has proved, even from the writings of Weifhaupt him- 
felf, that the magi were at leaft atheifts of the fchool of 
Spinoza. 

“ The fecond degree of the grand myfteries, called 
the Alan king, teaches (according to the author of the 
Critical Hiilory), that every inhabitant of the country 
or town, every father of a family, is fovereign, as men 
formerly were in the times of the patriarchal life, to 
which mankind is once more to be carried Ixiek ; that 
in confequence all authority and all magiftracy muft be 

39 deftroyed.” 
Savagifm. This may appear to be nothing more than what the 

adept has been already taught in the leffer myfteries ; 

and it is in fadl nothing more than that to which he 
muft have feen thefe myfteries tending ; but the reader 
underilands not the language of the illuminees, if he 
fuppofes that, by the patriarchal ilate, they mean fuch 
a ilate as that of the patriarchs of the Old Teftament. 
No ! their patriarchal date is the fancied favage ilate of 
the atheiftic3l philofophers of Greece and Rome, when 
mankind had neither property nor fixed habitation. 
This is evident from one of the difeourfes cf the hiero¬ 
phant ; in which he tells the adept, that it would have 
been happy for man “ had be known how to preferve 
himfelf in the primitive ilate in which Nature had pla¬ 
ted him ! But foon the unhappy germ developed itl'elf 
in h!s heart, and.reft and happinefs difappeared. As 
families multiplied, the neceffary means of fubftftence 
began to fail. The Nomade or roaming life ceafed ; pro¬ 
perty began ; men chofe fixed habitations ; agriculture 
brought them together; liberty was ruined in its 

FOUNDATIONS, AND EQUALITY DISAPPEARED.” 

To reftore that liberty and equality, therefore, which 
is the ultimate objeft of the order, and conftitutes *he 
Man-king, all property muft be aboliihed, every houfe 
burnt, as well the cottage of the peafant as the palace 
of the prince ; and mankind muft once more inhabit 
woods and caverns without clothes and without fire, 
and fally out oceafionally to encounter their fellow- 
brutes, and to fearch for food among the wild herbs of 
the defart. According to Mochus the Phenician, and 
the Greek philofophers of this hopeful fchool, this was 

* See the original ftate of man * ; and to this ftate it was the 
Doig’s ^“obje^l of Weifhaupt and his adepts to reduce man again. 

%rt f the Hence we hear them lavifhing the molt rapturous enco- 
Stett, miuras on the Goths and Vandals who over-ran the 

Roman empire, annihilated the arts, put a ftop to agri¬ 
culture, and burnt the towns and villages of civilized 

, Europe 1 It was thus, according to the illuminees, 
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that tliofe barbarians regenerated mankind : but the re- Illuminati., 

generation was not complete ; for the Goths and Van- U"~“V~"T f 
dais could not preferve themfelves from the contagion 
of civil life ; and their fall from favagifm to fcience 

drew from Weifhaupt’s hierophants the mod piteous 

lamentations • 40 

The laft fecret communicated to the mod favoured The hft fe- 
adepts was the novelty of the order. Hitherto theircr^ °ft^e 
zeal had been inflamed, and their refpe£l demanded to°r t * 
an inllitution pretended to be of the higheft antiquity. 
The honour of inftituting the myfteries had been fuc- 
ceflively attributed to the children of the Patriarchs, to 
ancient philofophers, even to Chrift himfelf, and to the 
founders of the mafonic lodges (fee Masonry in this 
SuppL). But now the time is come when the adept, 

initiated in the higher myfteries, is fuppofed to be fuf- 
ficiently enthuflaflic in his admiration of the order, to 
be entrufted with the hiflory of its origin. Here then 
they inform him, that this fecret foeiety, which has fo 
artfully led him from my fiery to mvftery ; which lias, 
with fuch perfevering induftry, rooted from his heart 
every principle of religion, all love of his country, and 
affe&ion for his family ; all pretenfions to property, to 
the exclufive right to riches, or to the fruits of the 
earth ;—this foeiety, which has taken fo much pains to 
demonftrate the tyranny and defpotifm of all laws hu¬ 
man and divine, and of every government, whether mo¬ 
narchical, ariftocratical, or republican *, which has de¬ 
clared him free, and taught him that he has no fove¬ 
reign on earth or in heaven ; no rights to refpe£l in o- 
thers, but thofe of perfect equality, of favage liberty, 
and of the mod abfolute independence that this fo- 
ciety is not the offspring of an ignorant and fuperfti- 
tious antiquity, but of modern philofophy; in one 
word, that the true father of illuminifm is no o'ther 
than Adam Wejfhaupt, known in the foeiety by the 
name of Spartacus ! This important fecret, however, 
remained a myftery even to the greater part of the magi 

and the man-kings, being revealed only to the grand 
council of areopagiles, and to a few other adepts of dif- 
tinguifhed merit. 4r 

So zealoufly was the order bent upon propagating ProprfaT 

its execrable principles through the whole world, 
fome of the chiefs had planned an order of female a* 

depts, in fubferViency to the deilgns of the men. u It 
will be of great fervice, (fays CatoZwack), it will 
procure us both information and money, and will fuit 
charmingly the tafte of fome of our trueft members, 
who are lovers of the fex.” An affeffor of the Impe¬ 
rial chamber at Wetzlar, of the name of Dittfurt, but 
known among the illuminees by that of Alinos, ex- 
preffed even his defpair of ever bringing men to the 
grand object of the order without the fupport of fe¬ 
male adepts ; and lie makes an offer of his own wife 
and his four daughters-in-law to be firft initiated. 
This order was to be fubdivided into two claffes, each 
forming feparate foeiety, ar^d having different fe* 
crets. The firft was to be compofed of virtuous wo¬ 
men ; the fecond of the wild, the giddy, and the volup¬ 
tuous. The brethren were to conduct the firft, by 
promoting the reading of good books ; and to train the 

feconcT 

(e) He docs not fay where this appearance was made ; but the circumftances related lead us to fuppofe that 
it was in a church. 
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fccond to the arts of fecretly gratifying their paffons. The 
wife of an adept named Ptolemy Magus was to prelide 
over one of the cl a fifes ; which ^fays Minos) will be¬ 
come, under her management and his, a very pretty io- 
ciety. “ You mull contrive pretty degrees, and drefles, 
and ornaments, and elegant and decent rituals. No man 
rrmft be admitted. This will make them more keen, 
and they will go much farther than if we were prelent, 
or than if they thought that we knew of their proceed¬ 

ings. Leave them to the fcope of their own fancies, 
and they will foon invent eiyfleries which will put us 
to the blnfh, and myfteries which we can never equal. 

They will be our great apoftles. Reflect on the re- 
fpedt, nay, the awe and terror, infpired by the female 
my flics of antiquity. Ptolemy’s wife mufl dired them, 
and (he will be intruded by Ptolemy ; and my Itep- 
daugliters will confult with me. We mud always be 
at hand to prevent the introduction of any improper 
queftion. We mult prepare themes for their difeuf- 
fion : thus we fhall coufefs them, and infpire them with 
our fentiments. No man, however, mud come near 
them. This will lire their roving fancies, and we may 
expect rare myderies P* 

But notwithdanding all the plans and zeal of this 
profligate wretch and others of the fraternity, it does 
not appear that the General Spartacus ever contented 
to the edablifhment of the fiderhood. He fupplied, 
however, the want of fuch an inditution, by fecret iu- 
ftrudions to the regents, on the means of making the 

influence of women over men fubfervient to the order, 
without entruding them with any of the fecrets. “ The 
fair fex (fays he) having the greated part of the world 
at their difpofal, no dudy is more worthy the adept 
than the art of flattery, in order to gain them. They 

are all more or lefs led by vanity, curiofity, pleafure, or 
the love of novelty. It is on that fide, therefore, they 
are to be attacked, and by that to be rendered fubfer¬ 

vient to the order.” That Weifhaupt’s fagacity lmd 
pot on this occaiion forfaken him, is very evident; fince 
it has been proved that the German fair, who were the 

correfpondents of the llluminees, welcomed the French 
* Dr Robi- invaders of their native country *. Nay, fo lately as 
fan's Prco/s the winter of 1798, our correfpondent in Saxony heard 
*fa Lonfjn- feveral of thefe iiluminized ladies exprefs a wifh that the 
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french might invade and conquer England ; for then, 
faid they, tea and coffee would he cheaper J 

It is not enough for the founder of a fed of confpi- 
rators to have fixed the precile objed of his plots. His 
accomplices mufl form but one body, animated by one 
fpirit; its members mufl be moved by the fame laws, 
tinder the infpedion and government of the fame chiefs. 

A full account of the government'of Weifnaupt’s or¬ 
der will be found in the valuable work of Abbe Bar¬ 
rel ; our limits permit us to give only fuch a general 
view of it as may put our readers on their guard againfl 

the fecret machinations of thefe execrable villains, whofe 
lodges, are now recruiting, under different denomina¬ 
tions, in every country in Europe. 

Wherever illumiuifm has gained a footing, as the 
means of fubordination, there is a general divifion of 
command as well as of locality. The candidates and no¬ 
vices are each under the diredion of his own infmuator, 
who introduces him into the Minerval lodges; each Mu 

jnerval lodge has a fuperior from among the preparatory 
clafs, under the infpedion of the intermediary clafs, So 

many lodges conftitutc a diftrid, under the diredion of IHusrfnttf. 
a fupenor, whom the order calls dean. The dean is 
fubjeded to the provincial, who has the infpedion and 

command of all the lodges and deaneries of the province. 
Next in order comes the national fuperior, who has full 
power over all within his nation, provincials, deans, lod¬ 
ges, &c. Then comes tlie fupreme council of the or¬ 
der, or the areopagites, over which prefides the general 
of illumirifm. *1 hus has the order formed within itfelf 

a fupreme tribunal, to whofe inquifition all nations are 
to be fubjeded. The areopagites, confiding of twelve 
fathers of the order, with the general at their head, 

form the centre of communication with all the national 
fuperiors on earth ; each national is the centre of one 
particular nation ; the. provincial, of one province ; the 
dean, of the lodges w'ithin his deanery ; the silt nerval 
mcfler, of his academy ; the venerable, of his mafonic 
lodge ; and the infmuator or recruiter, of his novices and 
candidates. 

The higher degrees (fays Weifhaupt in one of his The?/ 
inftmdions to the regents) mud always be hidden fromnv.de of 

tlie lower. *1 he fiinple illuminee therefore correfpondscorre^>on,“ 
with his immediate fuperior, knowing perhaps no otherdence; 
member of the order ; the latter, with his dean; and 
thus gradually afeending to the national fuperiors, who 
alone are acquainted with the refidence of the areopa¬ 
gites, as they again are with the names and refidence 
of the general. Any member, however, of the inferior 
degrees, may occafionally correfpond with his unknown, 
fuperiors, by addreffing his letters Quibus licet; and in 
thefe letters he may mention whatever he thinks con¬ 
ducive to the advancement of the order. If he 'be a 
novice,, he may in thefe letters inform his fuperiors 
how his initrudor behaves to him, or may draw the 
character of any perfon whatever. When the letter of 
any adept contains fecrets, or complaints which he 
choofes to conceal from his immediate fuperior, he di¬ 
rects it Soli or Primo ; and then it can be opened only 
by the provincial, the national fuperior, the areopagifel, 
or the general, according to the rank of the writ el, 
which is by fome contrivance unknown to M. Barrhe!, 
indicated on the outiide of the letter. The provincial 
opens the letters of the minor and major illurniikcs 
which are direded Soli; the ^uihus }icets of the epopts; 
and the Primos of the novices; but he cannot op£n 
either the Primo of the minerval, the Soli of the Scotch 
knight, or the Quilus licet of tile regent. He can only 
form a conjedure as to the perfdns who open his o\Vn 
letters, and thofe which he is not permitted to opdn 
liimfelf. ) 

When it is confldered, that by one of Weifhaupt’s . 
flatutes, the provincial basin each chapter or diftrict^j 

a confidential epopt, who is his fecret cenfor or fpj ;pomnce to 
that thefe fpies are to iniinuate themfelvcs into all com-their order, 
panies, and colled anecdotes of fecret hi/lory; that the 

hi dorian of'the province is to infert thefe'anecdotes in- • * * 
to a journal kept for that purpofe ; anil that the' pro- 

vincials are obliged to forward' the; content^ of thefe 

journals to the high fuperiors of the orderik fome notion 
may be formed of the influence of the general and are¬ 
opagites in every country into which 'illinmnifm hte 
found its way. “ The means of acquiring1 an afeen- 

dency over men (fays Weifhaupt), are incalculable. 
Who could enumerate them all ? They inufl vary with 

the difpoiitfon £>f; the' timds. At one "period, it' is a 

5* a t 
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Illuminati, tafte for the marvellous that is to be wrought upon. 

^At another, the lure of fecret focieties is to be held 
out. For this reafon, it is very proper to make your 
inferiors believe, without telling them the real ftate of 
the cafe, that all other fecret focieties, particularly that 

of Free mafonry, are fecretly directed by us. Or elfe, and 
IT IS REALLY THE FACT IN SOME STATES, THAT PO¬ 

TENT MONARCHS A ICE GOVERNED BY OUR ORDER. 

When any thing remarkable or important comes to 

pafs, hint that it originated ‘with our older. Should 
any perfon by liis merit acquire a great reputation, let 
it be generally linderftood that he is one of us. 

“ If our order cannot eltablifh itfelf in any particu¬ 
lar place, with all the forms and regular progrefs of 

our degrees, fome other form mull he ajjutned. Always 
have the objeB in view; that is the eflential point. No 
matter what the cloak be, provided you fucceed ; a cloak, 
however, is always neceffary, for in fecrecy our Jtrengih 
lies. The inferior lodges of freemasonry are 

THE MOST CONVENIENT CLOAKS for OUT GRAND OB¬ 

JECT; becaufe the world is already familiarifed with 
the idea, that nothing of importance, or worthy of their 
attention, can fpring from mafouryNo artifice, how¬ 
ever, is to be left untried. “ You may attend large 
and commercial towns during the times of fairs in dif¬ 
ferent characters ; as a merchant, an officer,. an abbe. 
Everywhere you will perforate an extraordinary man, 
having important bufmefs on your hands; but all this 

muft be done with a great deal of art and caution, left 
you fhould have the appearance of an adventurer. You 
may write your orders with a chymical preparation of 
ink, which difappears after a certain time. Never lole 
fight of the military fchools, of the academies, printing 
preffes, libraries, cathedral chapters, or any public ejlablfh- 
ments that can influence education, or government. Let 
our regents perpetually attend to the various means, 

and form plans, for making us masters of all thefe 
ejlallifhments. When an author fets forth principles 
true iu themfelves, but which do not as yet fuit our 
general plan of education for the world, or principles, the 
publication of which is premature ; every effort mull 
be made to gain over the author ; but fhould all our at¬ 
tempts fail, and we fhould prove unable to entice him 
into the order, let him be difcreclited by every pojfible 

means." 
Of their methods of diferediting authors, one has 

come to our knowledge, which muff be inierefling 
to fome of our readers. Dr Robifon's work, entitled 
Proofs of a Confpiracy, &c. which firfl unmafked thefe 
hypocrites in this country, found its way into Ger¬ 
many, and was tranflated into the German language, 
and expofed to fale at the Leipfic fairs. The illnmi- 
nees, under the difguife of merchants and abbes, attend¬ 
ed, and bought up the whole imprefiion, which they 

committed to the flames. A fecond edition was pub 
lifhed, and it {hared the fame fate (f). This was a 
more compendious way of anfwering the learned author 
than that which has been adopted by the Jacobin jour- 
nalifls in London ; but perhaps it may convince the 
readers of thefe journals, that the Doctor has not fo far 

miflaken the fenfe of the writings of Philo and Sparta- Illuminati 
cus, as their illuminifed mailers wifh them to believe. v v~—^ 

When thefe arts of diffeminating the diforganifing 
and impious principles of the order are duly coufidered, 
and when it is remembered that its emiffaries dare not 
difobey a iingle injunction of the high fuperiors, without 
expoiing themfelves to poifon, or to the daggers of a 
thouiand unfeen aflaflins, no man can be furprifed to learn 
that the illuminees contributed greatly to the French 47 
revolution. The philofopbers of France had indeed pre- Uluminifro 
pared the public mind for embracing readily the doc-°^ Francc 
trines of ilium in ifm ; and fo early as 1782, Philo and 
Spartacus had formed the plan of illuminizing that na¬ 
tion ; but they were afraid of the vivacity and caprice 
of the people, and extended not their attempts, at that 
time, beyond Strafbourg. Already, however, there ex- 
ifled fome adepts in the very heart of the kingdom; and 

the Marquis cle Mirabeau, when ambaffador at the court 
of Berlin, was initiated at Brunfwick by a difciple of 
Philo Knigge’s. On his return to France he began to in¬ 
troduce the new myfteries among his mafonic brethren. 

The ftate of free mafonry was at that time peculiarly ^ 

adapted to the views of the confpirators. The French By means 
had engrafted on the old and innocent Britifh mafonry of free ma- 
a number of degrees, gradually riling above each other, f°nr)« 
to the very myfteries of iUuminifm itfelf (fee Masonry 
in this Suppl.) Thefe were called the philofophical de¬ 
grees, and comprehended the knights of the fun, the high¬ 
er Rofcrucians, and the knights Kadejh. At the head 
of all thefe focieties, whether ancient or modern, were 

three lodges at Paris, remarkable for the authority 
which they exercifed over the reft of the order, and 

Philip of Orleans was the grand-mafter. So early as 
the year 1787, France contained 282 towns, in which 
were to be found regular lodges, under the direClion 
of that execrable wretch. He increafed their number 
by introducing to the mafonic myfteries the loweft of 
the rabble, as well as thole French guards whom he 

deftined to the fubfequent attack of the baftile, and to 
the {forming of the palace of his near relation and royal 
mafter. In every country town and village lodges were 
opened for afTernbling the workmen and peafantry, in 
hopes of heating their imaginations with the fophiftica- 
ted ideas of equality and liberty, and the rights of man; 
and it was then that Mirabeau invited a deputation 
from the order ofWeifhaupt, which very quickly diffu- 
fed the light of ilium in ifm through the whole kingdom. 
Inftcad of Spartpcus Weifhaupt, Cato Zw3ck, and Philo 

Knigge, we find wielding the firebrands of revolution 
in the capital of France, Philip of Orleans, Mirabeau9 
Syeyes, and Condorcct. The day of general infurrec- 
tion was fixed by thefe mifereants for the 14th of July 
1789. At the fame hour, and in ail parts of France, 
the cries of equality and liberty refoimded from the lod¬ 
ges. The Jacobin clubs were formed; and hence fprung 
the revolution, with all its horrors of atheifm, murder, 
and maftacre ! 

lu fupport of this account of the illuminees we have 
not loaded our margin with authorities ; becaufe our 
detail has been taken wholly from the valuable works 

of 

(a) This information was communicated to us by a gentleman of character, who was at Leipfic when the 
two impreftions of the book were thus difpofed of. The Abbe BarruePs work has no doubt been anfvvered in 
the fame way, though we cannot fay fo upon the fame authority. 
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of Abbe Barruel and Dr Robifon, to which we refer 
our readers for much curious information that our li¬ 
mits do not permit ns to give. We cannot, however, 
conclude the article, without making fome remarks on 

that fpecio'tis principle by which the confpirators have 
deluded numbers, who abhor their impieties, and who 
would not go all their length even in rebellion ; we 
mean the maxim, “ that it is our duty to love all men 
with an equal degree of affe&ion, and that any partial 
regard fur our country, or our children, is unjuft.” 

irkings of his own Illuminati 

on the fun 
damentai 
principles 
of illumi- 
flifm; 

caufe he is enjoined to “ do good indeed unto all men, 

but more effect ally to them who are of the houfehold of 
faith ;” becanfe lie is told, that “ if any man provide not 
for his own,, and especially for thofe of his own haufe, 
he hath denied the faith, and is worfe than an mlidel 

becaufe his divine mailer, immediately after revolving 
ail duty into the love of God and man, delivers a pa¬ 
rable, to (hew that we neither can nor ought to love 
all men equally; and becaufe the fame Divine Perfon 

had one difciple whom he loved more than the reft. 
But we wifh thofe philofophers who talk perpetually of 
the meebanifm of the human mind, and at the fame time 
affedt to have no partial fondnefs for any individual, but 
to love all with the fame degree of rational affedlion, 
to confider well whether fuch philanthropy be confift- 
ent with what they call (very improperly indeed) me- 

chanfm. If this mechanifm be (as one of them fays it 
is) nothing more than attraction and repnljion, we know 
that it cannot extend with equal force over the whole 
world ; becaufe the force of attraction and repulflon 
varies with the diftance. If by this abfurd phrafe, 

they mean a fet of wJUrMive propensities, or feelings, 
we know that among favages, who are more governed 
ky inftinft than civilized men, philanthropy is*a feeling 
or prop* nftty of a very limited range. U they believe 
all our paflions to originate in felf love, then is it cer¬ 
tain that our philanthropy mnfl be progreffive ; em¬ 
bracing firft, and with (trongeft ardour, our relations, 
our friends, and our neighbours ; then extending gra¬ 
dually through the fociety to which we belong ; then 
grafping our country; and laft of all the whole human 

race. Perhaps they may fay that reafon teaches 11s to 
love all men equally, becaufe fuch equal love would 
contribute moll to the fum of human happinefs. This 
fome of them indeed have a&ually faid; but it is what 
no man of reflection can poflibly believe. Would the 
fum of human happinefs be increafed, were a man to 
pay no greater attention to the education of bis own 
children than to the education of the children of ftran- 
gu s ? were he to do nothing more for his aged and 
helplefs parents than for any other old perfon what¬ 
ever ? or, were he to neglect the poor in his neighbour¬ 

hood, that lie might relieve thofe at the diftance of 

tooo miles? Thefe queftions are too abfurd to merit a 
ferious anfwer. 

When a man, therefore, boafts of his univerfal bene¬ 
volence, declaring himfelf ready, without fee or re¬ 
ward, to facrifice every thing dear to him for the bene¬ 
fit of ft rangers whom he never faw ; arid when he con¬ 

demns, in the cant phrafe of faction, that narrow po¬ 
licy which does not confider the whole human race as 

one great family—we may fafely conclude him to be 
either a confummate hypocrite, who loves none but 

himfelf, or a philofophical fanatic* who is at once a 
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ftranger to his duty and to the 
heart. 

If this conclufion require any farther proof, we have 
it in the conduct of Weifhaupt and his areopagites- 
In the hand-writing of Cato his incomparable man, was* 
found the description of a ftrong box, which, if forcedt 

open, would blowup and deftroy its contents; feveral^ 
receipts for procuring abortion; a cornpofition which 1 
blinds or kills when fpurted in the face ; tea for procu¬ 

ring abortion; Herba qua habent qualitattm del at ere am ; 
a method for filling a bed-chamber with pejlilential va¬ 
pours ; how to take off impreflions of feals, fo as to ufe 

them afterwards as feals; a receipt ad excitandum furo- 
rem uterinum; and a differtation on filicide. Would 

genuine philanthropists have occaflon for fuch receipts 
aj theie ? No ! the order which ufed them was founded 
i:i the meft confummate villanv, and by the mofl de- 

t eft able hypocrite. 1 he inceftuous Weifhaupt feduced 
the widow of his brother, and folicited poifon and the 
dagger to murder the woman whom he had fondly 
prefied in his arms. .<c Execrable hypocrite (fays M. 
Bairuel), he implored, he conjured both art and Iriend- 
flup, to deftroy the innocent victim, the child, whofe 
birth muft betray the morals of his father. The fcan- 
dal from which he fhrinks, is not that of his crime : it 
is the fcandal which, publifhing the depravity of his 
heart, would deprive him of that authority by which, 
under the cloak of virtue, be plunged youth into vice 
and error. I am on the eve, (fays lie) of Irfing that re¬ 
putation which gave me fo great authority over our people : 
MyJifler-in law is with child. I will hazard a defperate 
blow, for I neither can nor will lofe my honourV Such, 

is the benevolence of thofe who, bamfhing from their 
minds all partial affect ion for their children and their 

countiy, profefs themfelves to be members of one great 
family, the family of the world l 

IMAGINARY Quantities, or Impojfble Quanti¬ 
ties, in algebra, are the even roots of negative quanti¬ 
ties; which expreflions are Imaginary, or impoffible, or 
oppoied to real quantities ; as / ~ or V - 

&c. For as every even power of any quantity what¬ 
ever, whether pofitive or negative, is neceflarily pofitive, 
or having the fgn +, becaufe + by +, or — by —, 

give equally +; hence it follows that every even power, 
as the fquare for inftance, which is negative, or having 
the ftgn , has no pofiible root ; and therefore the 
even roots of fuch powers or quantities are faid to be 
impoffible or imaginary. The mixt expreflions arifing 
from imaginary quantities joined to real ones, are alfo 
imaginary ; as a - </ — aa, or if/ - aa. 

Imaginary Roots of an equation, are thofe roots or 
values of the unknown quantity, which contain fome 

imaginary quantity. Thus the roots of the equation 
xx -f- aa — o, are the two imaginary quantities -ft a/ — aa 
and — a/ — aa, or -ft a a/ —- 1 and — — j. 

IMPACT, the Ample or Angle adtion of one body 
upon another to put it in motion- Point of impaft is 
the place or point where a body acts. 

IMPERFECI Number, is that whole aliquot 
parts, taken all together, do not make a fum that >is 

equal to die number it felf, but either exceed it, or fall 
ftiort of it ; being an abundant number in the former 
cafe, and a defetive number in the latter. Thus, 12 is 

an abundant imperfect number, becaufe the fum of <U1 

its aliquot parts, 1, 2* 3, 4, 6, makes 16, which exceeds 

the 
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Tir.ppQ: the numbeiri 2. And 10 is a defective imperfe& number, 

I' becaufe its aliquot parts, 1, 2, 5, taken all together, 
> nit J011> make only 8, which is lefs than the number !0 itfelf. 

IMPOST, in architecture, a capital or plinth, to a 
pillar, or pilafter, or pier, that fupports an arch, &c. 

Do61i!"e oi IMPULSION, is the term employed in the lan- 
.Ittipu.fio;. goage of mechanical -philofophy, for expreffing a fup- 

fpofed peculiar exertion of the powers of body, by 
which a moving body changes the motion of another 

body by hitting or ilriking it. The plained cafe of 
this action is when a body in motion hits another body 

at reft, and puts it in motion by the ftroke. The body 
thus put in motion is Laid to be impelled by the o- 
ther : and this way of producing motion is called im¬ 

pulsion, to diftinguifti it from pression, thrusting, 

or protrusion, by which we pufli a body from its 
place without ftnking. The term has been gradually 

extended to every change of motion occafioned by the 

t eollifion of bodies. 
Hiftory of When fpeculative men began to collect into general 
it* clafTes, the>observations made during the continual ex¬ 

ertions of our own perfonal powers on external bodies, 

in order to gain the purpofes we had in view, it could not 
be long before they remarked, that as we, by the llrength 
of our arm, can move a body, can ftop or any how change 
its motion; fo a body already in* motion produces eiTeTs 

of the-fame kind in another body, by hitting it. Such 
observations were almoft as early and as interefting as 

the other ; and the attention was very forcibly turned to 
the general fadfs which obtained in this way of produ¬ 

cing motion ; that is, to the expifeation of the general 
laws of ifnpuliion. We do not find, however, in what 
remains of the phyiical fcience of the ancients, that 
they had proceeded far in this clarification. While 
mechanics, or the fcience of machines, had acquired 

feme form, a’nd had been the fubjedt of fuccefsful ma¬ 
thematical difeuflion, we do not find that any thing fi- 
rnilcir had been done in the fcience of impulfe. Yet the 
artillery of ancient times was very ingenious and power¬ 

ful. But although Vegetius, and Ammianus Marcelli- 
rlus, and Hero, deferib'e the meebanifm of thefe engines 
With great care; and frequently with mathematical fkill, 

we fee no attempts to afcertain with precifion the force 
of the miffile Weapon, or to ftate the efficacy of the 
battering ram, by meafures of the momentum, and com- 
parifon of it with the refinance oppofed to it. The 

engineers were contented with very vague notions on 

thefe points. 
Ariftotle, in his 20th Mechanical Queftion, and Ga¬ 

len in fome occafional obfervations, are the only au¬ 
thors of antiquity whom we recoiled! as treating the 

force of impulfe as a quantity fufceptible of meafure. 
Their obfervations are extremely vague and trivial, 

chiefly diredted, however, to the diferimination of-the 

force of impulfe from that of preflure. 
In more modern times, great additions had already 

been made to the affillance we had derived from the 
impulfive efficacy of bodies in motion. Water-mills 
and wind-mills had been invented, and had been applied 
to fucb a variety of purpofes, that the engineers were 
faft acquiring more diftiudl notions of the force of im¬ 
pulfe. Naval conftrudtions was changed in fuch a man¬ 
ner, that there hardly remained any thing of the ancient 

digging. The oblique adtion of wind and water were 
c y *..i .TiC* 

now found even more effective than the dtredV; and ffiipfr 
could now fail with almoft any wind. All thefe things ~~J 
fixed the attention of the engineers and of the fpeeu- 

latift 011 the nunibeilefs modificaticms of the force of 
impulfe. 

But it foon appeared that this was a refined branch 
of knowledge, and required a more profound ftudy than 
any other department of the fcience of motion. At' 
the fame time, it was equally clear, that it was alfo of 
fuperior importance. Mills worked by cattle, or by 
mens hands, were everywhere giving place to wind and 
water-mills ; and a fnip alone appeared to every intelli¬ 
gent mechanician to be the greateft effort of human in¬ 
vention, and moft deferving his careful ftudy. AIL 

thefe improvements in the arts of life derived their effi¬ 
cacy from the impulfe of hollies. The laws of impui- 
fion, therefore, became the objedls of ftudy to all who 

pretended to philofophical fcience. But this is a branch 

of ftudy wholly new, and derives little affillance from 
the mechanical fcience already acquired ; for that was 

confined to the determination of the circumftances 
which regulated the equilibrium ot forces, either in their 
combined adtion on bodies in free fpace, or by the in¬ 
tervention of machines. But in the production of mo¬ 
tion by impulfe, the equilibrium is not fuppofed to ob¬ 
tain ; and therefore its rules will not folve the moll im¬ 
portant queftion, “ What will be the piecife motion 

Galileo, to whom we are indebted for the firft dis¬ 
coveries in the dodtrine of free motions, was alio the 
firft who attempted to bring impulfion within the pale 

of mathematical difeuffion. This he attempted, by en¬ 
deavouring to ftate what is the force or energy of a 

body in motion. The very obfeure reflections of A- 
riflotle on this fubjeCt only ferved to make the ftudy 
more intricate and abftrufe. Galileo’s reflections on 4ft 
are void of that luminous perfpicuity which is feen in 
all his other writings, and do not appear to have fatis- 
fied his own mind. He has recourie to an experiment, 

in order to difeover what preflure was excited by im¬ 
pulfion. A weight was made to fall on the icale of aj 
balance, the other ajrm of which was loaded with a con- 
fiderable weight ; and the force of the blow was efti- 
mated by the weight which the blow could thus ftart 
from the ground. The refults had a certain regularity, 
by which fome analogy was obferved between the 

weights thus ftarted and the velocity of the impulfe ; 
but the anomalies were great, and the analogy was lin¬ 
gular and puzzling; it led to many intricate difeuffions, 

and fcience advanced but (lowly. 2 

At laft the three eminent mathematicians. Dr Wal-Lawsof 
lis, Sir Chriftopher Wrenu, and Huyghens, about the impulfion 

fame time, and unknown to each other, difcovered^c^^ 

the limple and beautiful laws of eollifion, and commu- ^rrenn 

nicated them to the Royal Society of London in 1668 Huyghens 

(Phil. Tranf. n° 43—46.). Sir Chriftopher Wrenn 
alfo invented a beautiful method of demonftrating the 
dodtiine by experiment. The bodies which were made 
to ftrike each other were fufpended by threads of equal 
length, fo a3 to touch each other when at reft. When 
removed from this their vertical fituation, and then let 
go, they ftruck when arrived at the loweft points of 
their refpedtive circles, and their velocities were propor¬ 
tional to the chords of the arches through which they 

had defeen-ded. Their velocities, after the ftroke, were; 

r*;jT *•- •• vs >uk mrafured^ 
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Irnputfion. meafured, in like manner, by the chord? of their arches 

of afcent. The experiments correfponded precifely 
with the theoretical do&rine. 

In the mean time, this fubjed had keenly occupied 

the attention of philofophers, who found it to be of a 
very abftrufe nature ; or, which is nearer the truth, 
they indulged in great refinement in profecuting the 
fludy. Tbe^ firft attempts to meafure the impulfive 
force of bodies, by fetting it in oppofition to preflures, 
which had long been meafured by weights, gave rife to 
fome very refined reflections on the nature of thefe two 
kinds of forces. Ariftotle had faid that they were 
things altogether difparate. If fo, there can be no pro¬ 
portion between them. Yet the analogy obferved in 

the experiments above mentioned of Galileo, fhewed that 
impulle could be gradually augumented, till it exceed 
any preffure. This indicates famenefs in kind, accord¬ 
ing to Euclid himfelf. A curious experiment of Ga¬ 
lileo’s, in which the impulfe of a vein of water was fet 

in equilibrio with a weight, feemed not only to eftabliih 
this identity beyond a doubt, but even to fhew the 
origin of preffure itfelf. The weight in one fcale is 
luftained as long as the dream of water continues to 
llrike the other fcale. In this experiment, therefore, 
prefiure is equivalent to continual impulfe. But conti¬ 
nual impulfe is not conceivable : we muff coniider the 
impulfe of the dream as the fuccejive impulfe of the dif¬ 
ferent particles of water, at intervals which are altoge¬ 
ther indidinguifhable. 

1'rom thele confiderations were deduced two very mo¬ 
mentous doctrines: i. That preffure is nothing but 
repeated impulfe ; 2. That although preffure and im¬ 
pulfe are the fame in kind, they are incomparable in 
magnitude. I he impulfe is equal to the weight of a 
column of water, whofe length is the height neceffary 
for communicating the velocity. Now this is inceffant; 
and the weight is fudained during any the fmalled mo¬ 
ment of time, by the impulfe, not of the whole column, 
but of the infenfible portion of it which is then making 

its droke. Impulfe, therefore, is infinitely greater than 
p re fiu re. 

Thefe abdrufe fpecnlations have a charm for certain 
ingenious fpeculative minds; and when indulged, will 
lead them very far. Accordingly, it was not long before 

fome of the mod ingenious philofophers of Europe 
taught that impulfe was the foie origin of preffure. 
There is but one moving power (faid they) in mecha¬ 
nical nature: TL his is impulfe.——Nihil movetur (fays 
Euler) nifi a contiguo et moto. Moreover, having been 

long and familiarly converfant with the adions of ani¬ 
mals, and the adions of moving bodies, and conceiving, 

with fufficient diffindnefs, that impenetrable bodies 
cannot move without moving thofe with which they are 
furrounded and in contact, they imagined that they 
fully underdood how all this difplacement of bodies is 
carried on ; and therefore they maintained, that any 
motion is fully explained when it is jfhewn to be a cafe 
of impulfion. But they faw many cafes of motion 
where this impulfion could not be exhibited to the fenfes* 
Thus, the fall of heavy bodies, the mutual approach 

or recefs of magnetic and eledric bodies, exhibited no 
fuch operation. But even here their experience helped 
them to an explanation. Air is an invilible fubdance, 
and its very exidence was for a long time known to us 

only by means of its impulfe. As. we fee that preffure* 
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Impulfe 
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the only 
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are generated by the impulfe of water and of air, may Impulfion. 
there not be fluids Hill more fubtle than air, by whofe "V—■J 
invilible impulfe bodies are made to fall, and magnets 
are made to approach or avoid each other ? The impof- 
fibility of this cannot be demondrated, and the laws of 

impulfe had not as yet been fo far invedigated as to 
fhew that they were incompatible with thofe produc¬ 

tions of motion. It was therefore an open field for dif- 
cuflion ; and the philofophers, without farther liefita- 
tion, adopted, as a fird truth, that all motion what¬ 

ever is produced BY impulsion. The bufuiefs of 
the philofopher, therefore (fay they), is to invedigate 

wliat combination of invilible impulfions is competent to 
the production of any obferved motion ; fuch as the fall 
of a heavy body, the elliptical motion of a planet, or 
the polarity of a magnetic needle. The curious difpo- 
fition of iron-filings round a magnet encouraged this 
kind of fpeculation : It look? fo like a dream of fluid ; 
but it is a number of quiefeent fragments of iron. This 
does not hinder us from fuppofing fuch a dream, not of 
iron-filings, but of a magnetic fluid, which will arrange 
(fay the atomffls) thofe fragments, juft as we fee the 
flote.grafs in a brook arranged by a dream of water. 
Fluids, therefore, moving in dreams, vortices, and a 
thoufand different ways, have been fuppofed, in order 
to explain, that is, to bring under a general known 

law of mechanical Nature, all thofe cafes of the pro- 
du&ion of motion where impulfion is not obferved by 
the fenfes. 1 

As we have gradually become better acquainted with 
the laws of the production of motion by impulfion, wc 
have been able to explode many of thofe proffered ex¬ 
planations, by diewing that the genuine refults of the 

fuppofed invifible motions, that is, the impulfions which, 
they would produce, are very unlike the motions which 
we attempt to explain. It has been (hewn that the vor¬ 
tices fuppofed by Des Cartes, or by Leibnitz, or by 
Huyghens, cannot exift ; and they have been given up. 

But it is anfvvered to all thofe demonftrations of futili¬ 
ty, that dill the axiom remains. Motion is produced 

only by impulfe; but we have not yet difeovered alL 
the poffibilities of impulfion; and we mud not defpair of 
difcovering that precife fet of invifible motions, and con¬ 

sequent impulfions,. of which the phenomena before us -■* 
is the neceffary refult.. 

But this is by no means fufficient authority for de-The t oli- 
ferting the rule of philofophizing, fo prudently and ju-cation of 
dicioufiy recommended by Sir Ifaac. Newton ; namely, fhifc piin- 

not to admit as the caufe of phenomenon any tbino-,ciPle is ha~ ~ 
that is not feen to operate in its produ&ion. The prutzardoU8’ 
dence of this reftriction is evident and it has alfo been 
fufficiently fhew 11 (Philosophy, EncycL n° 4$. &c.), 

that truephflofophical explanation,or extenfion of know¬ 
ledge, is unattainable, if this rule be not ftriftly adhered 

to. We therefore require a cogent reafon for a prac¬ 
tice that opens the door to every abfurdity, and that 
cannot give us the knowledge which we are in qued 
of. What, Then,.is the reafon that always induces phi. 
lofophcrs to have recourfe to impulfion for the expla¬ 
nation of a phenomenon,^ and to-red fatisfied in every 
cafe where it can be clearly proved that the phenome¬ 

non is really, a cafe, of impulfion > We fay. that we in¬ 
quire, into the rerfon why a body falls* and. that we will 
be fatisfied if it can be fliewn us that it has received a 

number of impulfions downward. F)q we inquire why 
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Impulfion. a body in motion puts another body in motion by hit- 

ting it ? And if we do, have we difcovered the reafon ? 
We believe that none of the philofophers, who have re- 
courfe to invifible impelling fluids, ever afk a reafon for 
motion by impulfion. Indeed they fhoufil not, other- 
wife it would eeafe to be a firft principle of explanation. 
Other philofophers, indeed (namely, fuch as afk 110 rea¬ 

fon for the weight of a body, but the fiat of the Al¬ 

mighty), require an explanation of motion by im- 

pulfe, and think that, in almoft every cafe, they have 

found it out. 
If the philofophers afk no reafon for this prodn&ion 

of motion, they muff (that it may ferve as a principle 
of explanation) fay that impulfivenefs is an original pro¬ 
perty of matter, either contingent or eflential. Accord¬ 

ingly, we believe that this, or fomething like this, has 
been affumed as a principle by the greater part of me¬ 

chanicians. It has been affumed, as we have obferved 
in the article Dynamics, Suppl. that a movmg body 

poffeffes the power of producing motion in another body 

by hitting it ; and they call it the impulsive force 

of moving bodies—the force inherent in a moving body. 

The reader will have obferved, in our manner of treat¬ 

ing that article, and alfo in feveral paffages of different 
articles of the Encyclopaedia Britannica, that we do not 
confider this affumption as very clearly autliorifed by 
obfervation, or deducibie by abflradl reafoning, from the 

firft principles of philofophy. There is no branch of 
natural philofophy on which fo many ingenious differta- 
tions have been written ; and perhaps there is none that 
has been more fuccefsfully profecuted : Yet this is the 
only part of the fcience of motion that lias given rife to 
a ferious difpute ; a difpute that has divided, and ftill 

divides, the mechanicians of Europe. 
Some may think it prefumptuous in us, in a Work 

of this kind, which only aims at colk&ing and exhibit¬ 
ing in one view the exijling fclcnce of Europe, to pre¬ 
tend to give new dodlrines, or to decide a queftion 

which has called forth all the powers of a Leibnitz, a 
Bernoulli, a Jurin, a M'Laurin, &c. But we make 
no fuch pretenlions; we only hope that, by feparating 
the queftion from others with which it has, in every 
in fiance, been complicated, and by confidering it apart, 
fuch notions may be formed, in perfcdl conformity to 
the principles adopted by all parties, that the myftery, 

which has gradually gathered like a cloud, may be dif- 

pelled, and all caufe of difference taken away. We ap¬ 
prehend that this requires no very ex ten five knowledge, 
but merely a ftridl attention to the conceptions which 
we form of the actions of bodies on each other, and a 

precifiou in the ufe of the terms employed in the dif- 

j cufllou. 
Inquiry in- We trufl that our philofophical readers perceive and 
to its truth.approve of our anxiety to etlablifh (in the article Dy¬ 

namics, Suppl.) the leading principles of mechanical 

philofophy, from which we are to reafon in future on 
acknowledged facts, or laws of human thought. It 
is not fo much the queftion, What is the effence of ma¬ 
terial Nature, from which all the appearances in the 
univerfe proceed? as it is, What do we know of it? liovv 
do we come by this knowledge ? and what ufe can we 
make of it ? The taenia knows nothing of the folar 
fyftem, and man is ignorant of the caufe of impulfive¬ 
nefs. Other intelligent creatures may have fenfes, of 

which this is the proper objedl j and others, of a ftill 

more exalted rank, may perceive the operations of mind Impulfion, 
as clearly as we perceive thofe of matter, while they — 
are equally ignorant with ourfelves of the caufes which 
connect the conjoined events in either of thofe opera¬ 

tions. But “ known unto God, and to Him alone, 
are all His works\” ^ 

To accompliidi this purpofe, we diredled the reader’s We learn 
attention to what paffes in his own mind when he thinks the cxift- 

on the mechanical phenomena of Nature ; on what heence °* 

calls body ; on the perceptions which bring it into hisfly by 
view, and which give him all the notions that he can niears of 
form of its diftinguifhing, its chara&eriftic properties, touch. 
How does he learn that there is matter in a particular 
place ? He has more than one mean of information ; 
and each of tliefe informs him of peculiar qualities of 
the thing, which he calls matter. Many appearances 
fuggeft to his mind the prefence of a body. Shew a 
monkey or a kitten (and even fometimes a human in¬ 
fant) a mirror, and it will inftantly grope round it to 
find a companion. Why does the creature grope about 
fo ? It is fiot contented with the firft indication of 
matter, and nothing will fatisfy it but touching or 
grafping what is behind the mirror. It is by our fenfe 

of touch alone that we get the irrefiftible conviction 
that matter or body is perceived by us, and it never 
fails to give us the perception ; nay, we have the per¬ 
ception even in feme cafes where the experienced phi¬ 
lofopher thinks liimfelf obliged to doubt of its truth. 
Some fenfations, arifing from fpafm, cannot be diilin- 

guifhed from the feeling of touch ; and the patient in¬ 
fills that fomething preffes on the difeafed part, while 
the phyfician knows that it is o.ily a nervous affedlion. 
Every perfon will think that a cobweb touches his face 
when an ele£lrified body is brought near it, and will 
try to wipe it off with his hand. But the modern phi- 
lofopher fees good reafon for afferting, that in this in- 
ftanee our feeling gives us very inaccurate, if not erro¬ 

neous, information. He fnews that the fail, of winch 
our feeling truly informs us, is the bending of the final! 
hairs or down which grow on the face, and that thefe 
only have been touched ; and the followers of Epinus 
deny that even this has been demonllrated. ^ 

'The philofopher adopts this mode of perception as The excite- 
un queftion able, and allows that, and that alone, to be merit of 

matter, which invariably produces this fenfation by con-colicn ^s.a^- 

tiguity. But engaged in fpeculations which fix iiis at- by^th^fecl- 
tentioii on the external object, he neglecls and over- jn,, 0f ex¬ 
looks the inlhrument of information, and its manner oferced prei- 

producing the effeil, juft as the aftronomer overlooks*uie* 
the tclefcope, and the union and decuffation of the 
rays of light which form the pidlure by which he per¬ 
ceives the fatellite of Jupiter travel acrofs his difk. The 
philofopher finds it convenient to generalhe the im* 
merffe variety of touches which lie feels from external 
bodies, and to confider them as the operations of one 
and the fame diferirninating quality, a property inhe¬ 
rent in the external fubftance body : and he gives it a 
name, by which he can excite the fame notion in the 
minds of his hearers. It is worth while to attend to 
what has been done in this matter, becaufe it gives much 
information concerning the firft principles of meeha- 
nifm. An exquifite painting lias fometimes fuch an ap¬ 

pearance of prominence, that one is difpofed to draw 
the finger along it, and we expedl to feel fome rough- 

nefs, iome objlruftion, fomething that prevents the fin¬ 
ger 
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,lmpulfl0n- ger from going over the place. Perhaps we doubt, and/ 

want to be affured. We prefs a little clofer ; but feel 
no obHruftion ; and we defiH. The very firff appear, 

ance, therefore, which this indicating quality, viewed as 
the property of external matter, has in our conceptions, 

is that of an obHruftion, an obllacle, to the exertion of 
one of our natural powers. The power exerted on this 
occalion is familiarly and dijl,naively known by the 

name of pressure. This is the name of our own ex¬ 

ertion, our own aftion; and, in this inftance, and (we 
think, in this alone, the word is ufed purely, primitive- 
ly, and without figure. When we fay that a (tone 
prefles on the ground, we fpeak figuratively, as truly 
as when we fay that the eandleftick Hands, and the 

fnuffers lie, on the table It is a perfonification, autho¬ 
red by the fimilarity of the effefts and appearances. 
Turther, when we fpeak of our preflu re on any thing, 
with the intention of being precife in our communica- 
tion, we fpeak only of what obtains in the touchinw 

parts of the Anger and the thing prefled, paying no at¬ 

tention to the long train of intermediate exertions of 
the mind on the nerves, the nerves on the mufcular 
fibre, the fibre on the articulated machine, and the ma¬ 
chine on the touching part of the finger. And thus 

the exertion of the fentient and active being is attribu¬ 

ted to the particles of lifelefs inactive matter at the ex¬ 
tremity of the finger, and thefe are faid to prefs imme- 
diately on the touching parts of the external body. 
And,, lately, as this our exertion is unqueftionably the 

perceived employment of a faculty in us, which we’call 

force, power, Jlrcngth, diftinguifhing it from every other 
faculty by thefe names; we fay (but figuratively), that 
force or power is exerted at the tips of the fingers, and 
we call it the force of pressure. 

By far the greateil part of our a&ions on external 
bodies is with the intention of putting them out of 

their prefent fituations ; and we can hardly feparate the 
thought of exerted prefliire from the thought of mo¬ 

tion produced by it. Therefore, almofl: at its firfl ap¬ 
pearance in the mind, prefliire comes before ns as a mo¬ 

ving power. Nay, we apprehend, that the more we 
fpeculate, and the more we aim at precifion in our con¬ 
ceptions, we (hall be the more ready to grant that we 
have no clear conception of any other moving power. No 
man will contend that he has any conception at all of 
the power exerted by the mind in moving the body. It 
is .of importance to reflect on the manner in which 

this notion is extended to all other produ&ions of mo¬ 
tion. We think that this will fhew, that in every cafe 
we fuppofe p re flu re to be exerted. 

tionoftho , }'be P['n°foPhev proceeds in his fpeculations, and 
inftances ofob^? thdt °“e ,iran can prefs on another, andean 
thispercep-P11 ^ kirn out of his place, in the fame way as he re- 
tion. • moves any other body ; and he cannot obferve-any dif¬ 

ference in his own exertions and fenfations in the two 
cafes. But the man who is puihed has the fame feel¬ 
ings of touch and prefliire. By withdrawing from the 
prefliire, he alfo withdraws from the fenfation; by with- 
ilanding or refilling it, he feels the preffure of the other 
man ; and what he feels is the fame with what he feels 
when he prcfTes on the other perfon, or on any piece of 

matter. The fame fenfations of touch are excited. Pie 
attributes them to the preffure of the other perfon. 

Therefore he attributes the fame fenfations to the couni 
ter preflure of any other body that excites them. Far- 
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titer, be can refill to fuch a degree that be is not pufh- fmpulfion. 
ed horn his place. In this cafe, the greateil preflure is “”vf 

exerted, and is felt by both. Each feels that the more 
he refills, the greater is the mutual preflure: And each 

feels that, unlefs he not only do not refijl, but alfo with¬ 

draw himfelf from the preffure of the other, he will be 
prefled, and the other will feel counter prefliire, the 
fame in kind with what is produced by his refiftance, 
though lefs in degree. 

All thefe things are diftiii£lly and invariably felt ; They are 
ut they require attention, in order to be fubjedls of generally 

lecolleftion and after-confideration. From this, and^urat^* 
no other fources, are derived all our notions of corpo¬ 
ra! preflure, of counter preflure, of action, re aft-on, 
°*. ryylance, and of ituiclimiy or inertia. Our notions 
of moving power, of the mobility of matter, and of the 

liecefiity of this power to produce motion iu matter, 
have the fame origin. Our notions alfo of the refin¬ 

ance of inanimate matter, indicated by the expendi¬ 
ture of actual preflure, are formed from the fame pre- 

rnifes : the counter.preflure, or what at leai't produces 
the lame feelings in the perfon who is the mover, is 
conlidered as the property of dead matter ; becaufe we 
reel, that if we do not exert real force, we are difplaced 

by the fame preffure that would difplace a lifelefs body 
of the fame bulk. 

Thefe direct inferences are confirmed as we extend^ V 

our acquaintance with things around us. We can t-x-fcrtemany 
ert our force m bending a fpring, and we feel its coun- preliures.1 
ter-preflure, precifely limilar to that of another man. 

We reel that we mull continue this preffure, in order 
to keep it bent; and that as we withdraw our preffure, 

the fpring follows our hand, Hill producing limilar feel¬ 
ings in our organs of touch, and requiring limilar exer- 
tions of our ftrength to keep it in any Hate of teiifioix. 

I nefe phenomena are interpreted as indications of pref- 
fures actually exerted by the fpring, and quite different 
from what we fliould feel from its mere refinance to be¬ 
ing moved. This aftion refembles our own exertion iu 
every particular ; it produces all the effefts of preffure ; 
it will fqueeze in the foft flexible parts of our body 

with which we aft on it ; it will comprefs any (oft bo¬ 
dy, juff as we do ourfelves ; it wili put bodies in mo¬ 

tion. Farther, we can fet the aftion of 011c fprino- 

oppofition to that of another, and obferve that each is 
bent by bending the other; and we fee that (heir touch¬ 
ing parts exert preffure, for they will comprefs any foft 
body placed between them. 

Thus, then, in all tliofe cafes, we have the fame no¬ 
tion of the power immediately exerted between the 

two bodies, animated or inanimated. It is always pref¬ 
fure. It indeed we begin to fpeculate about the modus 

operandi in any one of thefe inltances, we find that we 

mull Hop Hiort. How our preffure excites the feeling 
of preffure in the other perfon, or how it produces mot 

tion, eludes even conjefture—So it is—Nay, how our 
intention and volition caufes our limb to exert this pref¬ 
fure, or how the fpringinefs of a fpring produces fimi- 
lar effefts, remains equally hid from our ken. Unwea¬ 

ried Hudy has greatly advanced our knowledge of thefe 
fubjefts in one refpeft. It has pointed out to us a train 
of operations, which go on in our animal frame before 
the oltenfible preffure is produced ; we have difeovered 
fomething of their kind, and of the order in which they 

proceed ; we have gone farther, and have difeovered, in 

5 G fome 
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Impulfion. fome of the prcffures exerted by Kfelefs matter, fimilar dies, and produce all the effeds of real animal p re flu re. Tmpulfion 
i.,.,—t . . r • . _Tn nP ti Torino- Tmnnlfe. therefore, is the true caufe of motion, and the ’rT— y ; trains of intervening operations. In the cafe of a fpring, 

we have difcdvered that there is a certain combination 
of the properties of all its parts neceffary for the vilible 

exertion. But what is the principle which thus makes 
them co-operate, we cannot tell, any more than-in our 

own exertions of preffure. Such being the origin of 

un -- - i- 

Impulfe, therefore, is the true caufe of motion, and the 

felicitation of gravity is nothing but the repeated im- 

pulle of an invisible fluid. 
But, in the firfl place, let it be obferved, that both 

parties profefs to explain the phenomena ot mechanical 
nature, that is, to make them cafier conceived by the own exertions ot prelture. ouen oemg me origin ui uaiuu, ^ — —- — -- -j 

our notions on thefe fubje&s, it is no wonder that all mind. Now it may be granted, that could we have any 
.1   :* .Uk A„;voA fmm it. Force, novver. oref- previous convidion of a fluid continually flowing to- previous convidion of a fluid continually flowing to¬ 

ward the centre of the earth, we could have fome no¬ 
tion of the produdion of a downward motion of bodies, 
but not more explanation than we have without it, be. 

caufe impuliiyeneis is as little underflood by us as pref¬ 

fure. 
But there are thoufands of inftances of moving forces ,3 

where we cannot conceive how they can be produced Many prein¬ 

fixing our attention on what panes in tne very imwm by the impulfe of a body already in motion.. £ here:ap.are ^ 

of the change, we find ourfelves ftill obliged to fuppofe pear to be many moving powers in nature, independent ^ £ 

the thing we call preffure. We can have no other con- of, and inexplicable by, any previous motion; thele fion# 

ception of it; and there is no violence in this ad of the may be brought into adion, or occafions may be afford- 
imagination. For we know, that if we are jollied from ed for their adion, im a .variety of ways. fne mere 

- - •’ ’ * * • n. —-r— Qf an animal brings fome of them into action in 

the internal procedure of mufcular motion ; mere vi¬ 

cinity brings into adion powers which are almofl irre- 
fiftibk; and which produce mod violent motions. Thus 

our language is alfo derived from it. Force, power, pref 
furre, adion, re-adion, refiilance, impulfion, are, with¬ 
out any exception, words immediately expreflive of our 

own exertions, and applied metaphorically to the phe¬ 

nomena of matter and motion. 
Laflly, when we fee a body in motion difplace another 

body by hitting it, and endeavour to form a notion of 
the way in which this motion is immediately produced, 
fixing our attention on what paffes in the very inffant 

our place, and forcibly driven agaiuft another perfon, 
we put that perfon in motion without any intention or 
adion of our own ; and we experience, in doing this, 
that the very fame feelings of touch and preffure are ex- that the very lame feelings or touen aim picnuic die ca- muua, — ' 7 n * • i 
cited as-in the inflances of the fame motions produced a little aquafortis poured on powdered cliaU contained 
l,y exerted preffion. We alfo fee, that when a body in a bombfhell, will burlt it, throwing the fragments to 

itrikes another, and puts it in motion, it makes an impref- a great diftance. A fpark of fire brings them into ac- 
iion or dimple in it if foft, or breaks it if brittle ; and, tlon in a mafs- of gunpowder, or other combuitibles. 
in fiiort, produces every effeft of preffure. A ball of And here it deferves remark, that the greater the mats 
foft clay makes a dimple in the ball of foft clay which is to which the fpark is applied, the more violent is the 
wit a* r - — 4 ' 

it difplaces, and is dimpled by it. Springy bodies com- 
prefs each other in their collifions, and refile from each 
other. In fhort, in every cafe of this clafs, mutual 
preffure, indicated by all its ordinary effeds, appears to 
be tlie intermedium by which the changes of motion 

motion produced*. It would be juft the contrary, if 
the motion were produced by impulfe. For in all cafes 
of impulfion, the velocity is inverfely proportional to 

the matter that is moved. When a fpring is bent, and 
the two ends are kept together by a thread, a preffure be the intermedium by wfticii tne cnanges oi iuuuuii ujc lwu uiUa > - r--— 

are immediately produced ; and the previous motion of Is excited, which continues to ad as long as the thread 

the linking body feems to be only the method of pro- remains entire. Wlrat contrivance of impeding fluid 
. . 7 *n fklc 

Preffure is 
the only 
diffind no 
tion of a 
moving 
jower. 

ducing this preffure. 
From this copious induction of particulars, and care- 

fid attention to the circumltauces of each, we think it 
"plain, that preffure is the only clear notion that a mind, 
not familiar with fcrupulous difeuffion, forms of moving — » . 
power ; and therefore that it is very lingular to think of cafe referred to above, 
excluding it from the lilt, and faying that impulfion is cient diftmanefs, a tube filled 

the only power in nature, and the fource of all preffure. 

It may perhaps be faid, that the mutual immediate 
aftion to which the vulgar, and many philofophers, 

have erroneoully given the metaphorical name preffure, 
•is indeed the real caufe of motion, or change of mo¬ 

tion ; but ftill it is now properly called impulfion, be- 
caufe it is occafioned only by the previous motion of 
the impelling body. We'conceive clearly (they may 
fay) how this previous motion produces the impulfion. 
Since matter is impenetrable, we fee clearly that a fo 

W ill explain this, or give us any conception of the total 
ceffation of this preffure, when the thread is broken, and 

the fpring regains its quiefeent form ? 14 
We caa explain, in a moil intelligible manner, why All pref- 

the hardeft preffure produces no fenlible motion in the furesjJ° 

We can conceive, with fu®-”uCe a ferw 
uu.iuut.uotuwn, __filled with fteel wires, coiled nble mo- 
up like cork ferews, and compreffed together into tion. 
of their natural length. A tube of 10 inches long will 
contain too of them. While in this ftate, compreffed 

by a plug, we can fuppofe each of the fprings to be 
tied with a thread. Suppofe now that the thread of • 

the fpring next the pifton is burnt or cut ; it will prefs 
on the pifton, and force it out, accelerating its motion 

till it has advanced one inch ; after this, the. pifton 
will proceed with a uniform motion. It is plain that 
the velocity will be moderate, perhaps hardly fenfible, 

, * r\ 1 ♦. 1 • _ _ {1-^    Since matter 13 impenetrable, we lee cieany uua nu- uiC ^ J ^ A. . p 
lid body, or a folid particle, cannot proceed without becaufe the preffure aded on it during a very lliort tim 

*iw. wi-tl, which it comes into contad ; But if two fprings have been fet at liberty at the fame difplacing tlie bodies with which it comes into contact; 
we have notions of this as clear as thofe of geometry ; 
whereas, how preffure is produced, is inconceivable by 

us. If we prefs a ball ever fo ftrongly againft another, 
and remove the obftacle which prevented its motion,.it 
will not move an inch, unlefs we continue to follow it, 
and prefs it forward ; but we fee a moving body pro¬ 
duce comprdfion, bend fprings, make pits* in foft bo- 

But if two fprings have been fet at liberty at the fame 
inftant, the preffure on the pifton will be continued 
through a fpace of two inches, and the final velocity 
will be greater, becaufe the fame, (not a double) pref¬ 

fure will be exerted through a double fpace. Unbending' 
four fprings at once, will give, the pifton asdouble veloci¬ 
ty (See Dynamics, SuppL n° 95.) Now the effect of the 

motion of the fecond fpring is to keep the preffure of the 
firlb 
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Imp’.JfTon. firft: ip a&ion during a longer time, by following It, and 

v keeping it in a ftate of compreffion. " There is nothing 

fuppofed of this kind in the cafe of ftrong preffure al¬ 
luded to ; arid therefore no motion is produced when 
the obftacle is removed, exeept what the infenfible com- 
preffion produces by accelerating the body along an in¬ 

fenfible ipace. If all the 100 fprings are difengaged at 
once, the piflon will be accelerated through 100 inches, 

and will acquire ten times the velocity that one f'pring 
can communicate. (iV. 1?. The force expended in mo¬ 
ving the fprings themfelves is not confidered here). 

It is in this way only that the previous motion of 
the impelling body adls in producing a conhderable 

motion. The whole procefs will be minutely confider- 
15' ed by and bye. 

trot more18 ^C may. n°W how 'ls Near a point, that a 
clearly con body in motion mull clifplace other bodies ? 'This 
ceived than feems to be the very point in qneftion, Is the affirma- 
prtflure. tive deduced from bur notion of folidity ? What is our 

notion of folidity, and whence is it derived ? We ap¬ 
prehend that even this primary notion is derived from 
preffure. It is by handling a thing, and finding that 
we cannot put our Land into the place where it is with¬ 
out diTplaeing it, that we know that it is material. AH 
this is indicated to us by the feeling excited by our 
preffure. We feel this property always as an obftacle; 
and therefore fay, that by this property it refills our 
preflure. Nay, there are cales where even the philp- 
fopher prefers this quality to impuliivenefs as a tell of 
matter. To convince another that the jar out of which 
he has poured the water that filled it is not empty, but 
full of matter, he dips the mouth of the jar into water, 
and fhows, that although he prefs it down till the fur¬ 
rounding water is above the bottom of it, the water 
has hardly gotten half an inch into the jar; there is 
fomethirig there which keeps it out ; there is matter in 

it. He then opens a hole in the bottom of the,jar ; 
the water immediately rifes on the inflde of the jar, and 
fills it. He fays that the preffure of the water has 
driven the matter out by the hole ; and he confirms the 
materiality of what is expelled by holding a feather 
above the hole. It is agitated, fhewing that the ex¬ 

pelled thing has impulfivenefs* another property (he 
fays) of matter ; what filled the jar was air, and air in 
motion is wind. The philofopher can exhibit fome 
new cafes, where lomething like impulfivenefs appears. 
A {lender magnet may be fet on one end, the fouth 
pole, for inftanee, and will Hand in that tottering fixa¬ 
tion. If a perfon bring the north pole xif a powerful 
magnet haftily near the upper end, it will be thrown 
down, juft as it may be blown down by a puff of wind ; 
therefore (fays the philofopher) there may be appear¬ 

ances of impulfion, and I may imagine that there is 
impelling matter ; but nothing but matter excludes all 

other matter from its plaee : this property, therefore, 
is the fureft tell of its prefenee. 

Thus we fee, that our notion of folidity or impene¬ 
trability (a name ftill indicating an obftacle to pref- 
fure), gives us no clearer conception of the produc¬ 
tions of motion by impulfion than preffure does ; for 
it is the fame, or indicated by the fame fenfations. 

The queftion now feems to be reduced to this—Since 
transiting the flrongeft preffure of a quiefeent body does not pro- 

forceoHn ^uce motion, or excite that kind of preffure which is 
herentmo- the immediate caufe of motion, while a body in mo¬ 
tion. 

16 
Motion 
does not 
impel by 

] r m p 
tion, exciting but a very moderate preffure (as may be frvpaJGon* 
feen by the trifling compreffion or dimpling), produces a v 
very confiderable motion, how is the previous motion 
conducive to this purpofe ? The anfwer ufually given is 

this : A body in motion (by whatever caufe) perfeveres 
in that motion by the inherent force ; when it arrives at 
another body, it cannot proceed without difplacing 

that body. The nature of the inherent force is fuch, 
that none of it is loft, and that a portion of it pafies 

the two bodies inftanth; into the other body, aim me two cocies niitantiy pro¬ 

ceed with the fame quantity of motion that was in the 
impelling body alone. Thin is an exad enough narra¬ 

tive of the general fad, but it gives no great explana* 

iion of it. If the impelling body perfeveres in its mo¬ 
tion by means of its inherent force, that foree is ex¬ 
erted in performing its office, and can do no more. 

The impelled body feems as mueh to poffefs an inherent 
force; for the fame marks and evidences of preffure 
on both lides are obferved in the collifion. If botl,i 
bodies are foft or compreffible, both are dimpled or 
comprtffed. We are as much entitled, therefore, to 
fay, that part of the force by which it perfeveres at 
reft, pafies into the other body. But the reft, or quief- 
cence of a body,* is always the fame ; yet what pafies 
into the impelling body is different, according to its 
previous velocity. We can form no conception how 
the half of the inherent force of the impelling body is 

expended'by every particle, pafies through the points of 
contad, and is diftributed among the particles of the 
impelled body ; nay, we eannot coneeive this halving, 
or any other partition of the foree. Is it a thing/z/i 
generis, made up of its parts, which can be detached 
from each other, as the particles of fait may be, and 
really are, when a quantity of frefh water is put into 
contact with a quantity of brine ? We have no clear 
conception of this ; aud therefore this is no elucidation 
of the matter, although it may be an exad ftatement 
of the vifible fad. ^ 

Let us'take the dim pie ft poffible cafe, and fuppofe This in- 
only two particles of matter, one of whieh is at reft, v°lves ab- 

and the other moves up to it at the rate of two feetfurditics* 
per fecond. The event is fuppofed to be as follows ; in 
the inftant of contact, the two particles proceed with 
half of the former velocity. Now this inflant of time, 
and this precife point of fpace, in which the contad is 
made, is not a part of cither the time or fpace before 
collifion, or of thofe after collifion ; it is the boundary 
between both ; it is the laft inflant of the former time, 
and the firft inflant of the latter time ; it belongs to 

both, and may be faid to be in both. What is the ftate 
or condition of the impelling particle in this inftant ? Ira 
virtue of the previous motion, it has the determination, 
or the force, or the power, to move at the rate of two 
feet per fecond ; but, in virtue of the motion after col¬ 
lifion, it has the determination or power of moving at 
the rate of one foot per fecond. In one and the fame 
inftant, therefore, it has two determinations, or only 
one of them, or neither of them. Ami it may, in like 
manner, be faid of the impelled body, that, in that in¬ 
ftant, it was both at reft, and moving,at the rate of 011c 

foot per fecond. This feems inconceivable or abfurd. • 18 

.It is not perhaps very clear and demonflrable, norImPVIfivc- 
is it intuitively certain, that the moving body or par-nef?h *0} 

tiele muft difplaee the other at all. All that we know p^pertyof 
is, that matter is moveable* and that caufes of t,hismatter. 

4 G 2 motion 



IMP [ 788 ] I M P 
Impulfion. motion exift in nature. When they have produced 
w motjonj they have performed their talk, and the 

1 motion is their complete efFedl : the particle continues 
in this condition for ever, unlefs it be changed by fome 
caufe ; but vve do not fee any thing in this condition 
that enables us to fay what canfes are competent to 
this change, and what are not. Is it either intuitive 
or demonftrable, that the mere exijlence of another par¬ 

ticle is not a fuffieient or adequate caufe ? Is it certain 
that the arrival at another particle is an adequate caufe ? 
or can we prove that this will not ftop it altogether ? 
The only conclufion that we can draw with any confi¬ 

dence is, that u two particles, or two equal bodies, 

meeting with equal velocities, in oppolite directions, will 
Hop.” But our only reafon for this conclufion is, that 
we cannot affign an adequate reafon why either ihould 

prevail. But this form of argument never carries lumi¬ 
nous conviCtion, nor does it even give a decifion at all, 

unlefs a number of cafes can be fpecified which include 
every poffible refult. This can hardly be affirmed in the 

ip prefent cafe. 
But an ob- We apprehend that the next cafe, in point of fim- 
ierved fa<5l. p]*cjtys has itill lefs intuitive or deduCtive evidence; 

namely, when bodies meet in oppolite directions with 
equal quantities of motion. It is by no means eafy, if 

it be at all poffible, to ffiew that they mult Hop. The 
proof proceeds on fome notion of the manner in which 
the impulfion, exerted on one particle, or on a few of 

each body, namely, thofe which come into contadt, is 
diftributed among all the particles. A material atom 
is moved only when a moving force aCts on it, and 
each atom gets a motion precifely commenfurate to the 
force which aCtuates it. Now, it is fo far from being 
clear, how a force imprelfed on one particle of a folid 
body occafions an equal portion of itfelf to pafs into 
every particle of that body, and impel it forward in 

the fame diredion, that the very authors who afiume 
the prefent propofition as an elementary truth, claim 
no fmall honour for having determined with preciiion 
the moving forces that are exerted on each particle, and 
the circumftances that are necefiary for producing an 
equal progreffive motion in each. It was by no means 
an eafy problem to (hew, that the motion of the body 
(eflimated by an average taken of the motions of every 

particle) is precifely that which is announced by this 
propofition. We mull alfo confiderhow this investiga¬ 
tion is’ conducted. It is by affuming, that whatever 
force conneCts a particle a with a particle b, or what¬ 

ever force a exerts on by the particle b exerts an equal 
force on a in the oppolite direction — Surely no logi¬ 
cian will fay that this is an intuitive truth. The con¬ 
trary is molt diltinCUy conceivable. It was a difeovery 

of the altronomers, that every deflection toward the 
fun is accompanied by an equal deflection of the fun. 
It was a difeovery, that a piece of iron attracts a load- 
ltone ; and it was a difeovery (and we dare not yet af¬ 
firm it to be without exception), that every aCtion of 
bodies is accompanied by an equal and contrary re-ac¬ 
tion. But this is by no means a firlt principle. It is 
the expreffion of a molt generally obferved fa£t, a fum 
total of knowledge. When received on this authority, 
it is fully competent to folve every cafe of impulfion, in¬ 
dependent of all obfeure and illogical doCtrines of force 

inherent in moving bodies, of force of inertia, of com¬ 
munication of motion, &c. 

The impoffibility of conceiving the detachment of Impulfion, 
part of the force inherent in A, and transferring this — 

part into B, and the fimilar impoffibility of conceiving 
the imparting to B fome of the motion that was in A*, 
Ihould make us rejeCt any propofition involving fuch 

conceptions, and refufe its admiffion as an elementary 
truth. Much more Ihould we reject a propofition that 
obliges us to fnppofe that a particle of matter has two 
determinations, forces, motions, or call them by any o- 
ther name, in one and the fame inltant. One of tlicfe 

necefiarily excludes the other. Indeed this was fo evi¬ 
dent, even to the molt eminent partizans of the doc¬ 
trine of the transfulion of inherent force, and others 

consequent on it, that they found tbemlelves obliged to 
deny that there was fucli a thing in the world as a 
perfectly hard body, in which the motion mull be in- 
ltantaneoully changed into another, differing from it 
by any fenfible quantity. The exiltence of perfectly 
hard bodies is poiitively denied by the celebrated ma¬ 
thematician of Balle, John Bernoulli, in his DiiTerta- 

tion on the Communication of Motion, which contend¬ 
ed for the prize given by the Academy of Sciences at 

Paris 1710. His reafon for this rejection is lingular, 
and fome what amuling. “In the collilion of perfectly 
hard bodies, the confervatio virium vivarumy demonltra- 
ted by the molt eminent mathematician (Mr Leibnitz), 
to be a law of nature, would be broken without any 
effedt being produced. He does not obferve, that it 
is as completely broken by elaflic bodies in the in- 
flant of greatelt compreffion. A Britifh philofopher, 

nullius addlflus jurare in verba magiflri, alked, What 
will be the cale of two encountering atoms of mat¬ 
ter ? Without calling them hard, we mult conceive 

that they acquire their changes of motion in the iii- 
flant of mutual contadt, and that they acquire them 
totally, being o,uh, indivifible. No anfvver has been 

given, or indeed can be given, hut what implies the 
fame difficulty. From all that has been faid, we muft 
conclude, that this branch of mechanical philofopliy 

is not put, by thofe philofophers, into the condition of 
an elementary foundation of clear and demon ft rat iv€ 
fcience ; that the transfulion, or transference, either of 
force or motion, is not a thing of which we have a dif- 
tindt conception ; and that it necefiarily leads us into 
very untenable dodtrines. Far lefs does it feem fafe for 
11s to confide fo much in its clearnefs and certainty, as 
to affirm, that impulfion is the foie moving force in me¬ 

chanical nature, and the fource of what we call preflure. 
All this difficulty and obfeurity has arifen from our 

arrogant notion, that we are competent judges of firlt 
principles ; whereas wc mult acknowledge, that we can 
only perceive fuch as are properly related or accommo¬ 
dated to our intellediual powers : thefe powers, being 

fpecific and peculiar, cannot judge of principles of the 
firlt clafs, but of thofe only that are fuitably compound¬ 
ed. We can never know or comprehend any efiential . 
property of matter—we can only know the relative 

properties of fuch matter as five fee. ao 

Therefore let us quit entirely the barren and tracklefsTherefore 
fields of abftradtion, and reft fatisfied with contemplating10 t>e learn- 

nvhat the Author of Nature has exhibited to our view, 

and fuch as he lias beer pleafed in his wifdom to exhi-liatlire, 
bit it. We grant that there are no bodies open to 
our infpedtion which are perfedtly hard, receiving finite 

changes of motion in an inftant. It has not pleafed 
God 
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fmpulfion. God to put any fuch within our reach. When God 

created matter, it was with the purpofe of forming a 
beautiful univerfe of this matter. He therefore gave 

it properties which fitted it for this purpofe. It is this 
• matter only that he has expofed to the wondering view 

of man. Thanks to his bounty, he has alfo given us 

properties of mind, by which this adaptation, when 
perceived by us, becomes a fource of dignified pleafure 
to the obfcrver.—A Newton, to whom “ Jo vis omnia 

plena” a Daniel Bernoulli, were rapt almoft into ecfta- 

cy by a fingle atom, when they obferved how its pro¬ 
perties, and only fuch properties, fitted itTor making 
part of a world, which 

Unwearied, arid from day to day, 

Should its Creator’s power diiplay. 

Let the unhappy La Place conlider thefe properties, 
which enfure the permanency of the folar fyftem 
through ages of ages, as proofs of fatalifm, as qualities 
eiTential to matter. But this Gallic torch effaces the 
bloom of life from the univerfe, the exprefllon of the 
Supreme Mind which fliines from within; and it fpreads 
over the countenance of Nature the ghaftly palenefs of 
univeifal death. But let us Britons rather follow the 
example of our illuftrious countryman, and folace our- 
felves with every difcovery which tends to quicken our 

perception of Nature’s animated charms. Let us liften 
to the conjectures of him who had already difcovered 
fo many, and who endeavoured to remove the veil which 

aT concealed the reft. » 

Moving Newton, in his maturity of judgment, after having 
powers are collected much information from his unwearied expe- 

aU matter! ™ments in magnetifim, in chemiftry, in optics, See. faid, 
Newton’s that “ he itrongly lufpedled, that, in the fame man- 
conjecture ner as the bodies of the folar fyftem were connected 

by gravitation, fo the particles of fuhlunary bodies 

vich ° C°" were connected together, and affedled each other, by 
means of forces which adled at final], and, in many 
cafes, infenfible diftances ; producing the phenomena 
of cohelion, in all its forms of hardnefs, elafticity, 
du&ility, foftnefs, fluidity, by which their mechanical 
adlions on each other were modified and regulated.” 

Father Bofcovich, one of the firft mathematicians of 
Europe, was the firft who gave this conjecture of New¬ 
ton’s the attention that it fo highly deferved. Other 
writers indeed, fuch as Keill, Freind, Boerhaave, Sic. 
took occafionai notice of it, and even made fome ufe of 
it in their attempts to explain fome complicated phe¬ 
nomena of nature. But they were fo carelefs in their 
employment of Newton’s conjecture, fo completely ne¬ 
glected his cautious manner of proceeding, indulged 
to wantonly in hypothetical afliimptions, and reafoned 
fo falftly from them, that they brought his conjecture 
into diferedit. Bofcovich, on the contrary, copied 

Newton with care, and fecured his progrefs as he 
advanced by the aid of geometry ; eftablifhing a let 

of uncontrovertible propofitions, which mult be the in¬ 
evitable refults of the premifes adopted by him. He 
then proceeded to compare thefe with the phenomena 
of nature ; and he thews that the coincidence is as com¬ 
plete as can be defired. All this is done in his Theoria 

Fhilofophite Naturalise firft publifhed at Vienna in 1759. 
We have given a very fhort account of it in the article 
Boscovich, Suppl. ; but it hardly goes beyond the 

enunciation of the general principles, and the indication 

of its applicability to the purpofes intended. His ap- ihmulfioB. 
plication to the production of motion by the collifion ^‘ 
of bodies, is peculiarly fatisfaCtory. But as the work is 
written chiefly with the view of gaining the approba¬ 
tion of perfons well inftru&ed in natural philofophy, it 

can hardly be called an elementary work, or be employed 
for the inftruCtion of perfons entering on the itudy. 

V e fliall attempt to explain this important law of me- 

chanifm in a way that will give our readers a diftinCt 
notion (and, we apprehend, a juft one) of the proce¬ 
dure of Nature in all the cales of impuliion that we can 

obferve. We hope to do this, by confidering the 
changes of motion produced by moving bodies in a 
certain feries of familiar cafes, where the procedure of 

nature may be diftinCtly ijderved, and where it is uni¬ 
formly conceived by every fpedator ; and which will 

gradually lead the mind to thofe cafes where the proce* 
dure is not obferved with diftiiiCtnefs: but the iimilarity 
to the former cafe is concluded by fo fair analogy, that 
we imagine no perfon will controvert it. We lhall be¬ 
gin by attending to the manner in. which two magnets 
in motion afFeCt each other’s motions ; a phenomenon 
that is familiarly known in the general, although, per-' 
haps, few perfons have attended to it minutely. 

Let us, therefore, fuppofe two magnets, A and BHatexxix. 
(fig. 1.) equal in weight (in the firft inftance). Let 
them be made to float on water, by placing them on^™h‘ 

pieces of cork. Let them be placed with their north mutual ac! 
poles touching each other. Let A be held faft, apd let don of 
B be at liberty to move. We know that it will gradual-magne«» 
ly recede from A, with a motion that would continual¬ 

ly accelerate, were it not for the reliftance of the water. 
What is the inference drawn from this appearance ? 
Surely this, that either a moving power, inherent in 
A, repels B, or that B avoids A, by an evafive power 
inherent in.itfelf. It is immaterial for our purpofe 
which opinion we adopt. Let us fay that A repels B. 
This admits more concife language than the other If 
we prevent this motion of B by means of a very Hea¬ 
der fpring applied to its remote end, we fliall oblerve 
that the fpring is bent back a little, juft as if we were 
pulliing away the magnet gently with the finger; and we 
oblerve, that the bending of the fpring is lo much the. 
greater as B is nearer to A. We can judge of the in- 
tenlity of the force by which B is aCtuated, by the 
bending of the fpring.—This force is equal to the weight 

of any body that will bend the fpring to the fame de¬ 

gree. 1 his force is analogous, therefore, to the weight, 
the prelfure of gravity, and we may call it a preflure, 

and meafure it by grains weight. Every force that 
can bend a fpring will move a body. This is a well 

known faCt. Therefore it is next to certain, that it is 
this force which caufes B to recede from A ; nay, if 
we compare the motion of B with what Jhould refult 
from the action of a force having this very intenfity, 
and varying in the fame manner by a change of dif- 
tance from A, taking in the diminution which the re- 
fiftance of the water muft occafion, we (hall find the 
motions precifely the fame. All this can be difcovered 
by Dynamics, n° 95, &c. Therefore we muft con¬ 

clude that this, and'no other, is the caufe of, the recefs> 
of B. 

If, inftead of placing B in contaCt with A, we place 
it at a diftance from it, and pufh it toward A with an 

initial velocity, fomewhat lefs than it would have ac* 

qyirecL^ 
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Impulfion. quirdl in that place by its recefs from A, we (hall 

'---Ymd that it will-approach A with a motion gradually 
retarded, till it Hop at a fir all didance from A ; and 
will now recede from it again with an accelerated mo¬ 
tion. In fhort, we (hall find that its whole motion to 

and from A is precifely the fame with what refults from 
a fimilar computation by n° 95 of Dynamics. 

The whole of this phenomenon is conceived by every 
beholder, who has not imbibed fome peculiar theory of 

a dream of impelling fluid, as the indication and effed 
of a repulfive force exerted by A on B, or of a quality 
of B, by which it recedes from A. 

If now B he held fad, and A be fet at liberty, it is 
obferved to be repelled by B, or to recede from B, in 

the fame manner, and with the fame force. 

Thus, the two magnets appear to affed each other’s 
motions, and are thought, and faid, by all to repel each 

other. The effed appears curious, but excites no far¬ 
ther thought in mod minds : it is only the fpeculatift 

that begins to fufped that he has not conceived it pro¬ 
perly. 

Now, let us fuppofe that B is afloat on the furface 

•of the water, and at red. ; and that A 'is pufhed to¬ 
wards it, by a iingle (Iroke, cauling it to move fo mo¬ 
derately that it (hall not {trike B, but have its motion 
dedroyed by the repul lion before it reaches it ; and let 

us farther fuppofe, that the initial velocity of A was 
exadly ineafured—the fad will be as follows. As foon 
as A cornes within a certain diftance of B, its motion 
begins to be affeded ; it gradually dim in idles, and 

at length it ceafes entirely, and A remains ever after 
perfectly dill. But it is alfo obferved, that in the in- 
dant that A dackens its motion, B begins to move ; 
that it gradually accelerates in its motion, and at lad: 
acquires the Initial velocity of A, with which it pro¬ 
ceeds, till the red fiance of the water brings it to reil ; 

perhaps at a confiderable dHlance from A. This ex¬ 
periment is very amudng, and the initial velocity of A 

may be increafe’d in each fucceedmg trial, till at lafl it 
(hikes B. Even then the general appearance remains 
the fame : A is brought to red: and remains at red, 
neither redling nor advancing forward ; and B moves 

off with the initial velocity of A. What we wi(h to 
be particularly noticed is, that as long as the initial ve¬ 
locity of A is lefs than a certain quantity (depending 
on the ftfength of the magnets), the motion is com¬ 

municated to B, or, to exprefs it more eautioufly, mo¬ 
tion is produced in B, without any thing happening 
that1 can get the name of impulfion with propriety. 
In the ordinary conceptions and language of mankind, 

impulfe always fuppofes adual contact ; and impuldon 
is equivalent to a blow or a drokc. Both of thefe 
are indeed metaphorical terms, as well as impuldon. 
Perhaps the word (i to hit,” exprefies this particular 
cafe more purely, and it is perhaps without any figure, 
and is the appropriate word. We do not (peak at 
prefect of the conception and language of philofo- 
phers, but of perfons taking an unconcerned view of 
things, without any intention of {peculating farther a- 
bout the matter. 

Appearances perfedly dmilar are obferved in elec¬ 
trified bodies. If we hang two equal bunches of very 

light downy feathers by two equal linen threads, fo as 

to hang clofe by each other like pendulums without 
. . • : , I; > fi 

touching, and if, after having eledrified them fo that ftnpulfi&n. 
they repel each other to fome didancc, we draw one of —~v—w 

them, which we (hall call A, condderably adde from 
the perpendicular, and then jet it go to fwing like a 

pendulum ; we Hi all obferve, that in dead of accelerating 
till it reach the lowed point of its vibration, its motion 
will be retarded; it will Hop entirely when its thread is 
perpendicular, and will remain at red. In the mean 

time, the other bunch B will acquire motion, which will 
gradually increafe till it equal the motion of A in its 
maximum Rate ; and with this it would proceed for 
ever, were ft not riling like a pendulum in the arch of 

a circle. The general fad is the fame as in the cafe 
of the magnets. The moving body is brought to reft, 
iri which date it continues, and the quiefeent body 

moves off with an ultimate velocity, equal to the initial 
velocity of the other ; and all this happens without con. 

tad or irfipuHion, but is produced by the mutual, re- 
pulfion of the eledrified bodies. 

If this general fad be compared with what happens 
in the collision of two billiard balls, it will be found 

perfedly fimilar in every refped, but that of the con- 
tad and the impulfion, properly fo called. The im¬ 

pelling ball is brought to reft, and remains at red ; and 
the impelled ball moves off with the velocity of the im¬ 
pelling ball. 

This being the cafe, it is plain that we may derive 
fome information from the motion of the magnets, that 
mud greatly aflid us in our conceptions of wdiat paffes 
in the rapid, if not indantaheous, production of motion 

in a billiard ball, by hitting it with another. In the 
cafe of the magnets, we perceive, and can diferiminate, 
a progreflive train of changes, which terminate in a fi¬ 

nal change, perfedly fimilar to the change in the im- 
pulfion of the billiard ball. This will juflify a very 
minute attention to, and datement of, all the circum- 

dances. ^ 

Let us attend to the procefs of this operation, and Firft cafe, 

the production of motion in the magnet originally at a moving 

red, and the abolition of it in the one originally in ^ 
tion ; and let us rcfkCl on what paffes in our minds 
when we try to explain it to ourftlves. The trials men¬ 
tioned at firft, when one magnet was held fad, (hew us 
that each magnet repels or avoids the other, and that 
this action is found to be equal on both (ides, produ¬ 
cing equal compreflion of the fpring employed for af- 

certaining the intenfity of this repulfion when the di¬ 
dances are the fame. Tin’s is the fad. It is no lefs a 
fad, that equal moving forces, fuch as equal preflures 
mud be fuppofed to be, produce equal changes of mo¬ 
tion in their own direction. Therefore, as foon as A 
comes to fuch a didance from B that the mutual adion 

takes place, both magnets are affeded, and equally af- 
feded ; that is, equal changes of motion are produced 
on each, but in oppofite directions. The motion of 

A is diminifhed, perhaps -y^th part *n °f a fe¬ 
cund, and (let it be carefully remembered) while A 
pades over a certain fpace, fuppofe the lothof an inch. 
During this fmall portion of time, B acquires as much 
motion as A lofes. This is not the motion lod by A. 
This is inconceivable ; for motion is not a thing, but 
n. condition. But it is an equal degree of motion. B 
has paffed over a fmall fpace during this time, perhaps 

the 50th part of an inch, with an aimed imperceptible 
motion, 
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Imjwlfion motion, that is gradually accelerated . 

' Since A is moving fader than B, it mud dill gain upon 

it ; and therefore the mutual repullion will increafe ; 
and in the next loth of a fecond this force will take 
another and greater portion of A’s original velocity from 

it, <?nd will add a greater velocity to that already acqui¬ 
red by B. And thus, in every lucceeding minute por¬ 
tion of time, the motion of A will be more and more 

diminished, and that of B as much increased,, by the 
equal, thougn continually increafing, fimultaneous re- 

pulfions a&iug in oppofite dire&ions. It is evident, 
that it is poffible that the velocity of A may be fo 

much diminifhed, and that of B fo much increafed, that 
the remaining velocity of A (hall be juft equal to the 

acquired velocity of B. Till this happens, the didances 
of the magnets have been continually diminishing ; for 
A has been moving fader than B, and gaining on it. 
If the operation of the mutual repulfions could be dop- 
ped at this inftant, both magnets would move forward 
for ever with equal velocities. 

It is of particular importance to know what this 
common velocity is. This is determined by our previ- 

. OUS knowledge, that the magnets repel or avoid each 
’ other with equal forces. Thefe forces may vary by a 

variation of didance ; but the force a&ing on A is al¬ 
ways equal and ’ 

24 
They ac> 
quire a 
common 
velocity 

25 ‘ 

Namely, x 
_ AX* 

A + 13 
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from nothing, attention fixed on the fleps of procedure, and fee the frapulfion. 

connexion of each with the eaufes. y—^ 

We dial 1 find that this period of. the whole procefs, 
namely, the moment when both bodies have acquired a 

common velocity, and the precife magnitude of this ve¬ 
locity, are points of peculiar importance in the dodtrine 

of nnpulfion; indeed theyalmoft Comprehend the whole 
of it. 

. Bllt this is a .ftate that cannot continue for a moment n , v- 
in the example before us. The-repullive or evafive does not 
oices are full adfing on both magnets, and ftill dimi* continue, 

mfh the motion of A, and equally increafe the motion anc* 

of B. Therefore the velocity of A, in the very next "3;? 
moment, mnfl.be left than that of B ; and B has, du- P 
ring tin's moment, gained on A, or has removed farther 
from it. This continues; A is dill retarded, and B is 
acceleiated ; and therefore gains more and more upon 
A, or feparates farther and farther from it. This mult 
continue as long as the mutual repulfions are fuppofed 

to adl.. If we luppofe that tlie feiifible adb'on of thefe 
forces is limited to feme determinate diftance, the mu¬ 
tual adlion will ceafe when B has got to that diftance. 

before A. We may call it the irndive diftance. After 
this, A and B will proceed with the velocities which 

- -«*- thfy ^ave at t^iat inftant. Let us inquire into thefe ft- 
. - • (1 oppofite to the force aftmg at the fame nal velocities; and thus complete our acquaintance with 

time on B. T. his is the uncontroveited fa<5t (the autho- the procefs. 

rity for which (hall foon be confidered). Thefe equal We fee (and it is important) that the magnets areTh l7n 
forces mu l therefore produce equal and oppofite chan- in their ftate of greateft {roximity at the inftant oftheirJnX 

fhat°1f^h V her,m>t'°" acT11,e.d by Bis equal to moving with a common velocity, and that after this is at- 
that loft py A. But the magnets being fuppofed equal, they gradually feparate, till they are again at their in-tairle<1 at 
and moving with equal velocities, they have equal quan- aftive diflance. During this reparation thev attain dif ti.'C infta5lt 
titles of motion. Therefore the motion acquired b'y B, tances from each other1'equal the^had 

tiie period of their mutual approach. At thefe diftan- 
ces the repulfions are the lame as before, and aft in the 
fame direction. Therefore, in each moment of repara¬ 
tion, and at each diftance, A fuftains the fame diminu- 
tion, and B gets the fame augmentation of its motion, 
as when they were at the fame diftance in the period of 
their mutual approach. The Anns total, therefore, of 
thefe equal augmentations and diminutions muff be e- 

qual to the augmentation and diminution during the ap¬ 
proach. therefore the whole diminution of A’s mo¬ 
tion mnft be double of the diminution fuftained during 
the approach ; and the whole augmentation of B’s mo¬ 
tion mu ft, in like manner, be double of that acquired 
during the approach of A. Hence we eaftly fee, that 

when the magnets are fuppofed equal, A* muft be 

WiVV-11 ; £?Y in l'he period of aPProach it had . 
loll half of its velocity. It muft now have loft the 

whose. lor iimilar reafons B muft finally acquire the 
primitive velocity of A ; for in the inftant of greateft 
proximity, it had acquired the half of it. 

Thus we fee that the equal mutual repulfions arc pre- 
c.fely adequate to the produdion of the changes of mo- is icaafc 
ion that are ready observed; and muft therefore bead-ac^e9uate to 

mitted as^the immediate eaufes of thefe changes. - r t^le °hfer- 

If is equally eafy to afeertain the final-vdocitVs^J^' 
when the magnets are of unequal fizes; for the equal.'-E®** 

ty of their mutual repulfions is not afreded by anv in-when the 
equahty of their magnitudes. Their feparatLs, and 

the changes of motion during thefe reparations, will be * 
the lame with their approaches andnhe correfpondiW 
changes of motion ; and the whole change on each will 

be double of the change fuftained at the inftant of 

greateft 

or that loft by A, is equal to what remains in A ; that 
is, A has loft half of its motion, and therefore half of 
its velocity ; or the common velocity is half of the pri¬ 
mitive velocity of A. 

It was for the fake of a fomewhat eafier difeuflion 
that we fuppofed the magnets to be of equal weights. 

But it is ahnoft equally eafy to afeertain what this com¬ 
mon velocity will be in any other proportion of (he 
quantities of matter in A and B. It is a matter of un¬ 

excepted experience, that whatever he the weight or 
ftrength of two magnets, their actions on each other are 
always equal. Therefore the fimultaneous force muft 
always produce equal changes of motion in the two bo¬ 
dies. But the change of motion is exprefted by the pro- 
duft of the quantity of matter and the change of velocity. 

Therefore let A and B reprefent the quantities of mat¬ 
ter in the magnets ; and let a be the primitive velocity 
of A, and x the velocity which obtains when both are 
moving with one velocity. The velocity loft by A is 

Therefore we muft have B* = AX a — x, 

A a — A x; and A a = A x -f B x, = A + B X *, 

A"I~B’ common vel°c,ty i* therefore oh- 

a •— x. 

and 

tamed by dividing the primitive quantity of motion by the 
fum of the quantities of matter. 

This may be conceived more compendioufty in an¬ 
other way. Since B acquires as much motion as A 
lofes, the whole quantity of motion is the fame as be¬ 

fore : Therefore the common velbcity muft be had by 
dividing this quantity of motion by the whole quantity 

of matter. But wc wifhed to make the reader keep his 
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ImpuMoru greateft* proximity and common velocity , Hence wc 

learn that the final velocity of B is 2 *, or A, and 
A+B’ 

the final velocity of A is A—-A— For the pri- 
A -f- B 

mitive velocity of A being a, and the common veloci¬ 

ty, in the inftant of neareft approach being - A the 

ir c . . . A a A a-f-Ba — A a 
lofs of velocity is a - =--g- 

-5-2— Therefore the final lofs of velocity is -1, 
A+ B A+B 

and the remaining final velocity is a — ~- A, — 
A -f- B 

'I herefore the common velocity is had by dividing foe fum of inpulfion. 

the primitive quantities of motion by the fum of the quantities ~~ v ■ <* 

of matter. * Contra on 
But the repulfive forces continue to a dl as in the for-velocity zz 

mer cafe. The motion of A is (till more diminifhed, A a 4* B b 
and that of B augmented: Therefore the velocity of B " a -4-iT“ 

muft now exceed the velocity of A, and the magnets1™1 the 

mult feparate. Reafoning in the fame way as in the ™ ^TeamT 
former cafe, it is evident that the mutual action does [he change 
not ceafe till the magnets have feparated to their inac-is doubled 
tive diftance from each other, and that the whole change*n wh. 
of motion in each is double of the change that it had 
fuflained when they were in their greateft proximi¬ 
ty, and moving with a common velocity. Thefe 

coiiliderations enable us to afeertain the final ftate of 

+ A — BXfl 

A + 33 ’ A + B ' 
30 . 

II. Cafe. Let us, in the next place, fee what will be the refult 
Both mag- vvhen both of the magnets are in motion at the begin- 

tionin one~n*ng t^ieir mutua^ a^ion. And, firft, let both move 
direction, in one diredlion. Let A, moving with the velocity a, 

overtake B, moving in the fame direction with the ve¬ 

locity 3, lefs than a. Moreover, let the velocities a and 
b be fuch, that their differences a — b is fomewhat lefs 
than the fum of the velocities « and j3, which the mu¬ 
tual repulfions of the magnets would generate in them, 

if the magnets were placed in contadf, and allowed to 
recede from each other till they get beyond their adting 

diftance. 
Thefe things being premifed, let the magnets be fet 

in motion in the fame direction with the above-men¬ 
tioned velocities a and b. The magnet A mil ft gain on 

B, and at laft come fo near it, that the mutual repul- 
fions begin to adl on both. It is plain, that the mo¬ 
tion of A will be diminilhed, and that of B increafed, 
by equal quantities, during every minute portion of the 
time of their mutual adtion. It is alfo evident, that 
the velocity of A may be fo much diminifhed, and that 

of B fo much increafed, that they (hall be rendered 
equal. Alfo this will happen before the magnets touch 
one another ; becaufe the original difference of their 
quantities of motion has been fuppofed lefs than the 
motion which the repulfive forces are able to generate 

or extinguifh, by a&ing on them through the whole 
diflance which gives occafion to their adtion. There¬ 

fore the difference of the velocities is lefs than the fum 
of the velocity which the mutual repulfion can take 

from A, and the velocity £, which it can give at the 
fame time to B. The magnets will gradually approach, 
and the mutual repulfions, and confequent diminution 
of A’s, and augmentation of B’s motion, will gradually 

increafe, till the fum of y. and ft is juft equal to the dif¬ 
ference of a and b; that is, till the bodies are moving 
with one velocity. If the mutual repulfions were anni¬ 

hilated at this inftant, the bodies would move forward 
with this common velocity. What this is we determine 

with great facility, as we did in the former cafe : Be¬ 
caufe the repulfions produce equal and oppolite chan¬ 
ges of motion in the magnets, as much is taken from 

A X a as is added to B X b ; and the fum of A X a> 
and B Xb, is equal to the fum of A X * and B X *, or 
-- A a -J- B b 
A + B X x zz A X a 4- B X b> and a: =. . L'b'"* 

each. The common velocity is B There¬ 

fore the change made on the velocity of A, at the in- 

ftant of greateft proximity, is a — A^* ^ JLf, or == 

— a —JL, and the final velocity of A is a — 

In like manner, the change produced 

on the velocity of B is sz — -■'—— b, or = 4- 

7 A + B 

AX a-J, and the final velocity of B is b + 
A + B y ^ 

—. f—— We may alfo obtain the final velocity 

of each, by taking its initial velocity from twice the 

common velocity. 
If, in this example of two magnets in motion, we 

fuppofe them of equal weight, we fhall find that they 
will finally proceed with exchanged velocities. For 

when A = B, it is plain that a 
2 B Y. a — b . 

I X a — b, =z a 

A + B 
a + by zs b : and b + 

X __b :s=i+i Xa—i, = t + a — b, —a. 
A + B 

This cafe is eafily fubje&ed to experiment, and will be 
found fully confirmed, if we take into account the re¬ 
tardations occasioned by the refill a nee of the water to 

the motions. 
Let us, in the next place, fuppofe the magnets to be Magnets 

moving in oppofite directions with the velocities a and moving in 

b ; and (in order that the magnets may not ftrike each^ 
other) let the fum of a and b be lefs than the fum of « 
and A which the repulfions of the magnets would pro¬ 

duce by repelling them from contadl to their inactive 

diftance. 
As foon as the magnets arrive at their a&ing diftance, 

their mutual and equal repulfions immediately begin to 
diminish both of their motions; and in any minute por¬ 
tion of the period of their approach, equrj quantities of 

motion are taken from each. It is evident, that if the 
primitive quantities of motion have been equal; that 

is, if A and B have been moving with velocities reci¬ 
procally proportional to their quantities of matter, then, 

when the motion of one of them has been annihilated 

bv their mutual repulfion, the motion of the other will 
4 *** kr» 
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kg deftroyed at the fame time, and both will be brought 
to red. Were the repulfions annihilated at this in dan t, 
they would remain at reft. But becaufe thofe forces 
continue their actions, the magnets will feparate again, 
regaining, at every diftanee, the velocity which they had, 

when at that diftanee, during their mutual approach ; 
and when they have reached their inactive diftanee, they 
will have regained each its original momentum and ve¬ 
locity, but in the oppofite direction. This needs no 
farther comment; but mud be kept in mind, becaufe 

this cafe has a precife counterpart in the collifion of fo¬ 
il'd bodies, meeting each other in oppofite directions 
with equal momenta. But if the momentum of one 
exceed that of the other, thus, if A X a be greater than 

B X by then, when the magnet B is brought to reft, A 
has fill! a momentum remaining equal to Aa_B b. 
Having therefore a certain velocity, while B has none, 
it muft approach {till nearer to B, and a {till greater re- 
pulJion will be exerted on B than if A had alfo been 
brought to reft, but ftill repelling B. Since B is now 

acquiring motion in the direction oppofite to its former 
motion, and A is ftill lofmg motion, a time muft come 

when the motion of A is fo much diminiftied, and that 
of B fo much augmented, that they are moving with a 
common velocity in the dire£tion of A’s primitive mo¬ 
tion. The reaforiing employed in the foregoing exam¬ 
ples ftiew us, that, in the prefent caie alfo, this (late of 
common velocity is alfo the ftate of the greateft proxi¬ 
mity, and that the magnets feparate again, till they at¬ 
tain their diftanee of ina&iou, and that the total change- 

in each is double of what it was in their ftate of creat¬ 
ed: proximity. 

To find this common velocity, recoiled, that when 
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1 he motions winch obtain in the inftant of great eft: Impulfimi. 
proximity are precifely fimilar to what are obferved in 
the collifion of uneluftic bodies * 

locity after collifion is always 

A g — B £ 

A B 

the fame or in oppofite 

Their common 
A a + B b 

A + B ’ ~ 

according as the bodies were moving in 

directions. The final motions 

31 
Common 

ssw Ss rrrrvlB zs «*«*•.» a-*... »** 

of the magnets are alio precifely limilar to what are ob- 
fervid in tiie collifion of perfediy elaftic bodies. We 

took the inftance of magnets, becaufe the objed is fa¬ 
miliar ; but we can fubilitute, in imagination, an ah-’ 
ftrad lepulfive force in place of magnetilm, and we can 
aftign it any intenfity, and any law and limits of action 

we pleafe. We can imagine it fo powerful, that al¬ 
though its adion be limited to a very fmall, and even 
infenlible diftanee, it {hall always reduce the meeting 

bodies to a common Velocity before they come into ac¬ 
tual contact; and therefore without any real impulsion, 
as impulfion is commonly conceived. 

There are feme farther general obfervations that may 
be made on thofe motions which are of importance. 

1. We fee that the changes of motion, and confe-TI f4, 

quently the adions, are dependent on the relative mo-are pru- 

tions only, whatever the abfolute motions may be : Forportional 

changes are always as a — b when the bodies are mo-ro the rela- 
ving in one direction, and as a -f b when they are rno-!^ mu- 

vujg in oppofite directions. Now a^b is the relative ^ 
motion. 

2. The change of velocity in each of the two bodies And35eci_ 

is inverfely as its quantity of matter, oris proportional pi ocaily a® 
to the quantity of matter in the other body. The the quanti- 

A 13 
hut the 
change is 
doubled by 
the fubfe- 
quent fepa- *=: 
ration. 

ftill = A a — B b. From what has been already laid 

the other cafes, we know that when the common 

-ties ol mat¬ 
ter. 

on the other cates, we know that when the common 
velocity obtains, the whole momenta are ftill equal to 

A a — B b. Therefore the common velocity x muft be 
A a — B b 

A + B 
The velocity 

A a — B £ _ 

A + B A ft- B 

loft by A muft: therefore be a — 
»» 

and the final velocity will 

be a — t The final motion of A will be 
A + B 

Jn *~ame diredion as at firft, if a be greater than 

~a—otherwife it will be in the oppofite diredion. 
/x -j- B 

In like manner, the change of velocity in B is b 4- 
Aa~Bb r ’ . 

becaufe the former velocity b is deftroyed, 
A + B 

end the new velocity is 
A a — B i 

A + B 
in the oppofite di¬ 

redion. This is = and the final velocity 
A. -f- B 

* of B is =r b — 
3 A X a + b 

_ 33 
The chan¬ 
ges of mo¬ 
tion in the * “7 "I “**7 
magnets on each other by rtpulhve forces, or aduated by for- 
are fimilar ces equivalent to repnlfive forces, how changes of mo- 

the*colH m t*°n arC Pro^uc?^» which have a great refemblance to 
fion of bo- t^10^e which are feen in the collifion of folid bodies, 

dies. 

A + B ’ 

Thus we have {hewn, in the cafe oTmagnets ading 

Suppl. Vol. I. Part II. 

A + B A + B 
The changing forces being equal on both Tides, pro. 

duce equal changes in the quantities of motion ; and 
therefore produce changes of velocity that are inverfelv 
as the quantities of matter. 1 

3. During the whole procefs, the fum of the raomen. r 

ta, or quantities of motion, remains the fame, if the™ M“o- 
bodies are moving in one diredion : if they are moving mentov 
m oppohte diredious, it is the difference of momentaRuM' 
that remains the fame; for in every inftant of the pro- 

cefs equal changes of momentum are made in oppolite 
diredious. When the motions are in the fame direc¬ 
tion, as much is taken from the one as is added to the 
other; and therefore the Jum remains unchanged. When 

the motions are in oppolite diredions, equal quantities 
are taken from both ; and therefore the difference re- 
mains unchanged. This is called the conservatio 
momentorum ; and it is ufually enunciated by faying, 
that tlie quantity' ot motion, eltiniated in one diredion, 

is not changed by the equal and oppolite adions of the 

bodies. This is a.particular cafe of a general law af¬ 
firmed by Des Cartes, that the quantity of motion in 

the univerfe remains always the fame when eih'mated in 
any one direftidni" 

4 When the whole proofs is completed, the fumCoN3s7ER. 
of the pnxluds maue by multiplying each body by the vat.o vi- 

iquare of its final velocity, is equal to the fum of the»‘™ vu 

produds made by multiplying each body into the fquare VARUM< 
of its initial velocity. For when the procefs is com¬ 

pleted, the two bodies are at the fame diftanee from 
each ©.her as when the mutual adion began. Thcre- 

5 U fore. 



IMP [ 794 ] 1 
Impulfion. fore, during the procefs, each body has palled over an are equal and oppofite ; 

i r._ _i r»r»int it Keen aft- equ:d fusee, and in every fimilar point it has been aT- 
ed on by an equal force (jaMiough this force be diffe- 
rent in different points of this {pace). Fherefoie, in 
every inftant, the fimultaneous prcdu&sof the quantity 

of matter by the momentary variation of the fquare of 

the velocity are equal on both lidos; and therefore the 
products of the quantity of matter by the whole change 

uf the fquare of the velocity are alfo equal on both lides. 

See Dynamics, Suppl. n° 95. and no. where vv = 

fr 

Thefe two 
theorems 
are not 
principle 

and therefore m v v vzfs9 and m X V2 — v*9 or 
m 

„ x -o1 — V- =• ff's. Now, fmce thefe changes are in 

oppofite directions, as much is added to one product as 
is taken from the other, and the fum of the produfts 

of the quantities of matter by the fquares of the final 

velocities, is equal to the fum of the produ&s of the 
fame quantities of matter by the fquares of tlie initial 

velocities. 
This is a particular cafe of the famous conservatio 

VIRIUM vivarum, claimed as a mighty difeovery by 

principles the partizans of Leibnitz, and aferibed to him ; but 
but general he has no claim whatever to the difeovery. It was 

communicated to the Royal Society of London 111 1668 

by Huygliens, as one of the general laws of impulfion, 
obtaining in what he calls bard bodies. _ Several of the 
Leibnitzian febool, indeed, extended it faither than 

Huyghens had done ; fome of them indeed very lately. 
The obfervation of this general law was foon applied to 
many excellent purpofes in the folution of very intricate 
problems ; becaufe it often faved tne trouble of tracing 
the intermediate ileps of a complicated procefs. -A.f- 

fured that thefe produ&s were invariable, the mathema¬ 

tician found it an eafy matter to ftate what conditions 
of the queflion infured this equality of products ; and 

thus the problem was folved. In this manner Daniel 
Bernoulli gives moil elegant folutions of fome, otlier- 

wife almoft iiitra&able, problems in Hydraulics. For 
fuch reafons, as a mighty aid in mechanical investiga¬ 

tion, the difeovery of Huyghens is extremely valuable. 
Its merit in this refpe& is perfectly fimilar (though per¬ 
haps fomewhat greater) to Des Cartes’s obfervation of 

the confervatio momentorum. It. is alfo like the obier- 

vation or difeovery of Maupertuis, which he calls the 

law offmallejl adion (indeed it is the fame under a dif¬ 
ferent afpe&), or La Grange’s law of virtual velocities, 

or D’Alembert’s law of equilibrium of atlion all of 

thefe are general fa&s, laws by which the changes of 
motion are obferved to proceed. But their authors 
have vaunted them as principles, as caufes, from which 
to conclude efTefts ; whereas they are really indu&ions 
from particular inftances. We mull alfo obferve, that 

this law of confervatio virium vivarum was not deduced 
either by Huyghens or any of the.Leibnitzian fchool, 

by reafoning from more general principles. It was an 
explication of famenefs in events, diverfified by other 
eircumftanccs. We do not recoiled any author who 
has given what can be called a demonftration of it, de¬ 

ducing it from principles or laws Hill more general. We 
apprehend that the prefent cafe of its truth has been 

fo deraonftrated by us. The principle is, that “ a mo¬ 
ving force is to be meafured by the change of motion 
produced by itAnd the law to which this principle 

is applied is, that “ the mutual repulfions of magnets 

M P 
~rjt__ and the application is made fmpulffon, 

by means of the “ 39th proportion of the full book of 

Newton’s PrincipiaOur principle, which is the fame 
with Sir Ifaac Newton’s fecond law of motion, is really 
an axiom of human thought. The proportion is the 

confequence logically drawn from this axiom; and the 

law of magnetii'm is an obferved fact. We hope to 
fhew, by and bye, that this propolition, which is our 

n° 95. of Dynamics, is found to obtain in every initance 
that has been or can be given of the confervatio virium 
vivarum, and that this confervatio is only another way 
of exprefiing the propofition. Having done this, we 

fhall not think ourfeives chargeable with vanity when wc 
fay, that we have given the firft demonftration of this 

famous law. We cannot refufe ourfeives fome fatisfac- 

tion at having done this; becaufe it has been fo highly 
efteemed, chiefly for the fupport derived from it for the 
Leibnitzian meafurement of the force of moving bodies 

by the fquare of the velocity which it communicates ; 
whereas it is the logical confequence of the force being 

proportional to the Jimple velocity. W^e have only taken 
a weapon out of the hands of a plunderer, and reftored 

it to its lawful owner, Sir Ifaac Newton. Non ita cer- 

tandi cupidus, quam propter amor cm: For we muft fay, 

7*u pater et rerum inventory tu patriat nobis 
Suppeditas precept a, tuifque ex, in chite9 chartis 

Floriferis ut apes in faltibus omnia lib ant, 

Omnia nos itidem depafeimur aurea difta 
Aurea, perpetud femper dignijfima vita. 

We truft that our reader will not think that this mi¬ 

nute difcuflioii of the mutual adlions of magnets or 
other repelling bodies, in which we have engaged him, 
has been thrown away, fmce it has enabled us to appre¬ 

hend clearly a cafe of two fuch general laws as the con- 
fervatio momentorum, and the confervatio virium vivarum. ^ 

5. In the moment of greateit vicinity and common yls 
velocity, there is a certain determinate lots of the vu loft in the 

res viva, or products of the matter by the [quirt °* 
of the velocity; and this lofs is proportional to t^e^0^es^C 
fquare of the relative motion. T. he vires viv<e9 at 
the commencement of the mutual a£tion, are =l A a2 
+ B^(I.) In the moment of greateft proximity, 

the quantity of matter A + B is moving with the 

A a ft- B b , 
common velocity s therefore the vires viv* 

A ft- B 

"t-73- A a ft- B b2 _ 
are = A + B X ——— = 

A + B 

A*a* ft- + AB X 2 ah m ^ 

A + B 1 

A a ft- B h* 

A ft- B 

I. X A ft- B = A2*1 ft- B3 b2 ft- AB X a* ft- b\ 

II. X A ft^B = A2 a1 ft- B*42 + AB X 2 a b. 

Difference 

Lofs of vis viva ~ 

AB Xa — b\ 

AB 
A^+B X a — h\ a quantity 

that is proportional to a — bz9 the fquare of the rela¬ 

tive velocity a — b. . . 
Had the bodies been moving in oppofite directions,. 

then (II.) X A ft- B would have been A2 a2 ft- B2 b* 

_AB X 2 ah, and the difference from A a2 ft- B b* 

X A ft- B would have been = AB X a + b2f propor- 

tional to the fquare of the relative velocity a + b. 
.Snrr* 
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T|1ij Uf]c,r, _ Such h the faft i and we flwll find it of importance' 

PhyaST 'y the Srcat dcbate about the force of moving bodies. 
Let us inquire into the phyfical or mechanicai caufe of it. 
in tile moment of common velocity, the bodies are nearer 
to each other than they are at the beginning and at the 

end of their mutual adlion. Therefore (when they are 
moving in one direftion) the body A, which follows, has 

been retarded through a fpace which4s greater than the 
fpace along which the preceding body B has been accele¬ 

rated. But, becaule the iimultaneous forces afting on 
the bodies along tliefe unequal fpaces are always equal, 

the area which meafures the diminution of the fquare of 
A s velocity (Dynamics, n° 95.) muft exceed the a- 

rea which exprelfes the augmentation of the fquare of 
dJ’s velocity, and there muft be a lofs of ttires «W. 

Low, we learned above, that the mutual aftion is the 

lame when the relative velocity is the fame ; and there¬ 
fore the approximation, which is the occafion of this 
aftion, muil be the fame. And it is demonftrated in 

Dynamics, n° 95. that the area, wbofe abfciffa is the 
lpaee defcnbed, and ordinates the forces, exprefles the 
fquare of the generated or extinguished velocity. This 
is evidently the relative velocity of the bodies,' becaufe 
they are brought to a common velocity in the inflant 

of greateft proximity ; that is, their relative velocity is 
deftroyed. ' 

6. During the whole procefs, the common centre of 
pofition or gravity (a) is moving uniformly with the 

velocity B For the motion of the centre of 
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The mo¬ 
tion of the 
common 
centre of 
gravity is 
not chan- . 

ged by the poution is the average of the motion of every particle 
mutualae- of matter in both bodies. A a is the fum of the mo- 

tion- tions of every particle of matter in A, and B b is the 

fum of the motions of every particle in B, before the 
mutual aftions began. Therefore A a -J- B b is the 
whole motions when the bodies are moving in the fame 
direction with their different velocities. The number 
of particles is A + B : Therefore, if the whole mo¬ 

tions be equally divided among all the particles, the vc- 

velocity of each muft be This is the ave¬ 

rage motion, or the motion of the centre of pofition, 
deduced from the notion we wifli to imprefs of the cha! 
raAer of this centre, as the index of the pofition and 
motion of any aflemblage of matter. This velocity 
may be deduced more eafily from its geometrical pro. 
perty. It is a point fo fituated between A and B, that 

its diftance from each is reciprocally proportional to the 
quantities of matter in A and B, as is well known of 
the centre of gravity. It is equally plain, that when 

the bodies are moving in oppofite direaions, the ave- 

rage velocity a: muft be s . Thus we fee, 

that the motion of the centre of pofition, before the 

magnets have begun to aft 011 each other, is the fame 

with its motion when their mutual repuJfnSn ,» the Tmpulfkp, 
greateft; namely, at the moment of their greauft vici- 
nity. It has continued the fame during the whole pro¬ 
cefs : For we have already feen, that the fum or diffe¬ 

rence of the momenta, or A a B /;> remained always 
. 1 r r A a rdz: B b 
the fame ; confidently -~-9 or the motl*011 

of the centre, remains always the fame. Therefore the 

proportion is demonftrated. It is, indeed, a truth*much 
more general than appears in the prefent inftance. If 

any number of bodies be moving with any velocities, and in 

any direaions, the motion of the centre of pofition is not 
apfeSed by their mutual, equal, and oppofite, adions on each 
other. s 

7. During the whole motion, the motion of the bo-The mo. 
dies relative to each other, is to the motion of one of dons, in rc- 

them, relative to the centre of pofition, as the fum of the^3t’on *° 
bodies is to the other body : For when they were mo the cen-tre’ 

ving with a common velocity, this velocity was the "allyTsT' 
fame with that of the centre; and they are then at reft, bodies, 
relative to each other, and relative to the centre. And 

becaufe their difiances from the centre are inverfely as 
the bodies, their changes of diftance, that is, their mo¬ 

tions relative to the centre, are in the fame proportion • 
and the fum of their motions relative to the centre is 

*be ,aaic Wlth their motions relative to each other. 
I herefore A -f- B : A — a — b: motion of B relative to* 
the centre. Indeed we favv, that in their mutual action, 

the change of B’s motion was = — ,* a~h, an(] the 

B Xu 

A + B 

change of A’s motion was zz___ 
A + B ' 

r n, ““k 1®?rn> that "h.'Ie- the centre moves um-Theliodies 
tormly, the bodies approach it, and then recede from it,ferarate 

with velocities reciprocally proportional to their quanti-with the 
ties of matter. This will be found a very ufeful corol fame 
ary. We may alio fee that their final velocity 

tual recefs is equal to that of their fir ft approach, or, they ap- 

their relative motions are the fame in quantity after the Foached. 

.i°n over as before it began, but in oppofite direc- 
tions. ■ 

. £11 thefe general fads, which are dMindly appre- 
cnble, and very perceivable, in this example of mag- 

uets, or eledrified bodies, are equally appreciable in all 
cales of mutual repul (Ions, however flrong thefe may 

be ; and although the fpace through which'they are ex- 
erted mould he fo fmall as to elude obfervation, and 

though the whole fjrocefg fhould be completed in an in- 
lenlible moment of time. 

It fcarcely needs any comment to make it clear that An ** 

the very fame changes of motion muft take place, if Wed 
I0I1.J body A mould come up to another folk] tody B tprinir has 

at reft, dr moving more (lowly In the fame direftioii’the fame 

or moving in the oppofite dhtaion ; provided that thtremw«d 
be a fpring interpoied between them, which may hinder rerulfiQi„! 

jHi >A 

‘ , ...... . a “enrea at prelent to recollect, that the centre 
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Impulfion. A from {Iriking 33 ; for, as foon as A touches the 

v fpring, it begins to prefs it agkinfi B, and, therefore, 
to com profs the fpring. It cannot car,ry tne fpring be¬ 
fore it, without the fpring’s pnfhiiig B ipefpre it. Pref- 

fure on B is required for this purpofe. This is fnpph'ed 
by that natural power which we callelaftiqit.y, .which is 
inherent in the fpring; whether it he in motion or at reft. 

Tt is not ih atfion, but in capacity, foeuky3 capability,ponver^ 
or by whatever name we may choofe to exprefs the pot- 

n TeffionTne'occafiomreqnired for its exertion is comprOf- 

fjon. This-is furnilhed by the motion .of A ; for A can¬ 
not advance without compreffing it. I his inherent force 

of thefpriug is Inonun to adl with perftdiequality at both 
ends, in oppofite dirt61 ions. It exerts equal and oppo- 
hte preffures on A and on B ; it diminifhes the motion 

A, and equally augments the motion of B (if both 
are moving that way).' A is retarded, and B is accele¬ 

rated ; A is dill moving falter than B 3 and therefore 
the compreffion and the confequent rca6tion of the 

fpring in or eafes, and dill more retards A and accelerates 
B. After tome time, both bodies, with the fpring com- 

preffed between them, are moving with equal velocities; 

the fpring, however, is drongly reacting on both, and 

mud now caufe them to feparate 3 did retarding A, 
and accelerating B—They mnd feparate more and more, 

till the fpring regain its quiefeent form, and its eladic 

readlion ceafe entirely. X)uring its reditution, its pref- 
fures are the fame as during its compreffion, therefore, 

the whole change produced on each of the bodies mud 
be double of what it was when the fpring was in its date 

^ of greated compreffion, and the bodies were moving 
with a common velocity. In diort, the whole procefs 
iu this example mild be precifely fimilar to that of the 
magnets in every circumdance relating to the changes 

of motion in A and B. I he common velocity mud be 

A a B b rgbe final velocity of A mull be == a 

IMP. 
may be the obflade of a Impulfiorr* 

A + B 

2 B az±zi and that of B mud be = £ + 
2Aaz 
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A + B 7 A + B ‘ 

The motion of the common centre mud be unaffedled 

by the adlion of the fpring, and the motion of each bo¬ 
dy, relative to the centre, mud be reciprocally as its 

quantity of matter, &c. &c. 
The chan- We apprehend that this procefs can (cancely be call- 

ges of mo- ed impulfion ; A has not {truck B. iTe changes of 
tion are motion can fearcely be aferibed to forces inherent in A 

bv°fhe in- or in confequence of their being in mot ion.. Any 
herent for-perfon, not already warped by a theory, will (we 
ces which think) aferibe them to a force inherent in the fpring; 
conned thejnj)erent ;n ;t> whether at reft or in motion, and only 
particles. reqn{rjrig a continued compreffion as the proper oppor¬ 

tunity for its continued exertion. This fpring may be 

fuppofed to make a part of B, or of A, or of both ; 
and then, indeed, the force may be faid to be inherent 
in either, or in both. But it is not the peculiar force 

inherent in motion, or in moving bodies only—it is the 
force of elajiicity, inherent in part of the body, but re¬ 
quiring a continued compreffion for the produdlion of a 

continued reprejfion. Th^ effedl of this readlion is mo¬ 

dified by the very occafion of the compreffion. This 
may be the eladicity of another fpring. In this cafe it 
will only comprefs that fpring.—It may be the advance 

of a body in motion 3 the readlion produces a retarda¬ 

tion of that motion; it 
quiefeent body—it will give it motion ; or, it may be' 
the ahftrudlion by a body moving more (lowly away than 
the fpring is prefied forward—it will accelerate that 

motion. Thus, in all thefe cafes, we cannot help dif- 
tinguifiling the immediate caufe of thefe changes of 
motion from the fuppofed force of a moving body. 
Nay, the procefs of motion is fimilar, even when we 

fuppofe that the fpring is not a thing external to the 
body, although attached to it ; but that the whole bo¬ 
dy, or both bodies, are fpringy, elaflic, and therefore 

coiripreffible. As foon as the bodies come into fen- [nte^n4aj 
fible contact, compreffion muji begin ; for we may fup- proofs of 
pofe the bodies to be two balls, which will therefore change 
touch only in one point. The mutual preffure, which through 

is neceffary in order to produce the retardation of A* 

and the acceleration of B, is exerted only on the fore-e "j^ody. 
moft particle of A, and the hindmoft particle B ; but 
no 3tom of matter can be put in motion, or have its 

motion any way changed, nnlefs it be a6led on by an 
adequate force. The force urging any individual par¬ 
ticle, mull be precifely competent to the'produdlion of 

the very change of motion which obtains in that par¬ 
ticle. Except the two particles which come into con- 
tad in the collifion, all the other particles are imme¬ 
diately adluated by the forces which connedl them with 
each other; and the force adding on any one is general¬ 
ly compounded of many forces which conned! that par¬ 
ticle with thofe adjoining. Therefore, when A over¬ 
takes B, the foremoll particle of A is immediately re¬ 

tarded— the particles behind it would move forward, if 
their mutual connedlion were dilfolved in that inllant ; 

but, this remaining, they only approach nearer to the 
foremoil linking particles, and thus make a comprel- 
fion, vvhich gives occafion for the inherent elafticitw to 

exert itfelf, and, by its readlion, retard the following 
particles. Thus each ilratum (lo to conceive it), con¬ 
tinuing in motion, makes a compreffion, vvhich occa- 

fions the elailicity to read, and, by reading, to retard 
the ilratum Immediately behind it. This happens in 
fucceffion : the compreffion and elallic readlion begin irv 
the anterior Ilratum, and take place in fucceffion back¬ 

ward, and the whole body gets into a Hate of compref¬ 
fion. Things happen in the fame manner in B, but in 
the contrary diredlion, the foremoil ilrata being the 

lalt vvhich are comprelfed. All this is done in an in- 

ilant (as we commonly, but inaccurately (peak), that 

is, in a very (mail and infenfible moment of time ; but 
in this moment there is the fame gradual compreffion, 
increafe of mutual adlion, greatell compreffion, com¬ 

mon velocity, fubfequent rellitution, and final fepara- 

tion, as in the cafe of bodies with a flender fpring in- 
terpofed, or even in the cafe of the mutually repelling 

magnets. In all the cafes, the changes of motion are 
produced by the elailicity or the repulfion, and not by 

the transfufion of the force of motion. The changing 
force is indeed inherent in the bodies, but not becanfe 
they are in motion ; the ufe of the motion is to. give 
occafion, by continued compreffion, for the continued 

operation of the inherent elailicity. The whole pro¬ 

cefs may be very dillindlly viewed, by making ufe of 
bodies of fmall hrmnefs, fuch as foot-balls, or blown 
bladders. If blown bladders are ufed, each loaded with 
fand, or fomething that will require more force; and 

confequently' 
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Impulfion. confequently more compreflion to impel it forward ; we 

ihall obferve the comprefiion of both to be very ccn.fi der- 
able, and that a very fenfible time elapfes during the 
procefs of collifion. This may even be obferved very 
diftindfly in a foot-ball, which is always feen to reft a 

little on the toe before it flies off by the ftroke. When 
one foot-ball is ftrongly driven againft another, they 

plainly adhere together for foine time, and then the 

ftrfcken ball flies off. 

If we return to the/example of the two balls with 
the fpring interpofed, we may make fome farther ufeful 
obfervations. When the fpring is in its ftate of greateft 

compreffion, and the balls are moving with a common 
velocity, we can fuppofe that the fpring is arrefted in 

that fituation by a catch. It is evident that the two 

bodies will now proceed in contadi with this velocity, 

A a B b 
which we have fhewn to be zz 
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A + B 

Now, in the conftitution of fuch mafles of tangible 
matter as we have the opportunity of fubjedting to our 

experiments, we find a ftate of aggregation which very 
much refembles this. Some bodies are almoft perfedlly 
elaftic, that is, when their fhape is changed by external 
preffure ; and that preffure is removed, they recover 
their former fhape completely, and they recover it with 

great promptitude. Glafs, ivory, hard fteel, are of this 
kind. But molt bodies either do not recover it com¬ 
pletely, or they recover it very flowly—Tome hardly 
recover it at all. A rod of iron will, when coniiderably 
bent, not nearly recover its fhape ; a rod of lead ftill 
lefs ; and a rod of foft clay will hardly recover it in any 
degree. Thefe, however, are but gradations of one and 
the fame quality : if the quiefeent form of a body is 
very little difturbed, it will recover it again. Thus, a 
common foft iron wire of N° 6. and 12 inches long, 
if twifted once round, will return completely to its ori¬ 
ginal form, and will allow this to be repeated for ever ; 
but if it be twifted turns, it will untwift only i: arid 
in this new form, it will twill and untwift one turn as 
often as we pleafe. Even a rod of foft clay, T\ytli of an 
inch in diameter, and 7 feet long, will bear one twift as 

often as we pleafe ; but if twifted 4 times, will untwift it- 
felf only one turn, and will do this as often as we choofe. 
In fhort, it appears that the particles of bodies, usual¬ 
ly called unelaftic, will admit a fmall change of diftance 
or fituation, aud will recover it again, exhibiting perfeCl 

elafticity, in oppofition to very fmall forces ; but if 
they are forced too far from this fituation, they have 
no tendency to return to it completely* but find inter¬ 
mediate fituations, in which they have the very fame 
connedlious with the furrounding particles; and in this 
new fituation, they can again exhibit the fame perfedt 
elafticity, in oppofition to very fmall forces. Mr Cou¬ 
lomb conceives fuch bodies to conflft of elaftic particles : 

they manifell perfedl elafticity, fo long as the forces 
employed to change their fliape do not remove the 
particles from their prefent contacts ; but if they are 
removed from thefe, they Aide on to other fituations, 
where they again exhibit the fame appearances. To 
underftand this fully, the reader may confult the article 

.Boscovich of this Supplement—The fadl is fufRcient 
for our prefent purpofe. Now, in this variable confti¬ 

tution, where the particles may take a thoufand difter- 

ent fituations, and ftill cohere, it is plain, that when a Impuifion. 

body has been dimpled by compreflion, the particles 
have nothing to bring them back to their ftrft fituation 

when the comprefling force is removed:: the utmoft- 

elafticity to be expedled, is that which will rot extend 
to one fhift of fituation ; therefore, the reftitution is 

altogether infenfiblc. This is the cafe with all foft bo¬ 
dies, fuch as clay—the fame quality is manifefted in all 

dinftile bodies, fuch as lead, foft iron .and fteel, foft 
copper, foft gold. 46 

Now let one of thefe bodies flrike another. The com-Effeft of 
preflion, or the Aiding of the particles over each other, this colli- 

requires force, or mutual preffure—This being accom-fion* 
pained by a reaction perfectly equal, 'muft operate, du¬ 

ring the compreflion, precifely as the equal repulfive 
forces did. It will take as much momentum from A as 
it gives to B ; fo that A a B b will remain invari¬ 
ably the fame, and a common velocity will at laft ob- 

A a z±z B b _ 
tain, ^ —• The compreflion can proceed no 

farther, and the two bodies muft now proceed in con¬ 
tact with this velocity. 

And thus we fee, that in the cafe of compreflible* 
but unelaftic bodies, the changes of motion are pro¬ 

duced by the cohelive forces inherent in the bodies ; 
but not inherent in them becaufe they are in motion. 
We fee clearly in this way, how the pendulum ufed by 
Robins and his followers gave a true meafure of the 
velocity of the ball. All the while that it was pene¬ 
trating into the pendulum, overcoming the cohefion as 
it went in. this cohefion was adting equally in both direc¬ 
tions. While the fibre was breaking, it was pulling 
both ways; it was holding back the ball which was 
breaking it, and it was pulling forward the parts to 

’which it ftill adhered ; and when it broke at laft, it had 
produced equal efFedts on the ball and on the pendu¬ 
lum in oppofite directions. By fuch a procefs, the 
pendulum was gradually accelerated, and acquired its 
utmoii velocity when the ball had ceafed to penetrate 

Therefore, this velocity muft be = -r— --—,77 
; A -}- pendm.. 

What fhould we now expedt to happen in the co}-* 
lifion of bodies ? Such bodies as exhibit perfedt e - 
lafticity, when examined by bending, 01*/ other fit- 
trials, ihould have their motions changed precifely like 
the magnets, or bodies which repel or avoid each* 
other at fenfible diftanbes. Bodies which exhibit no 
elafticity whatever, fhould-'’continue in contadt Sifter 

coKiiiuji. The common velocity in thefe fhould be 

A a B b 
——* The perfedtly elaftic bodies fliould fuftain 

changes of motion which are precifely double of the 
changes fuitained by unelaftic bodies, and fliould fepa- 
rate after collifion with a relative velocity of reeefs or 
feparation, precifely equal to their relative velocity of 
mutual approach. And bodies poffefling imperfedt ela- , 
fticity, fhould fuftain changes of motion which differ 
from the changes on unelaftic bodies, precifely in pro¬ 
portion to the degree of elafticity which they, are known 

to poffefs. And, laftly, if the changes of motion which 
obtain in the collifion of bodies, are precifely thofe 

which, would refult from the operation of thofe inherent 
forces 



I. M P [ 798 
■impiiliion forces of elafficity and cohefion, no other force 

W * WltATfeVfcR CONCURS IN TfitlR PRODUCTION : For 
we know that thole forces do operate the collifion; 
we Fee the ccmiprelfion and refiitution which are their 

efieftive can Fes, and their immediate effefts. If any 
other force were fuperadded, we fhould fee its effefts 

alfo, and the motions would be different from what they 

/are.* * 
• Now the fa ft is, that we have never feen a lody that 

is not, in ferae degree, compreJJ'ible. It has not pleafed 
the Almighty Creator to make any fuch here below. 

■AfTuredly hie has not found fuch to be of ufe for the 
purpofes He had in view in this our fublunary world. 

We know of no body that is perfeftly unchangeable in 

its fhape and dirneniions. It is therefore no lofs what- 
•ever to us, although we fhould not he able to fay a pri¬ 

ori what their motions will be in collifion. We cannot 
even fairly guefs them, by reafoning from what we ob- 

ferve in other bodies : For it is juIt as likely that their 
motions may referable thofe of perfeftly elaftic bo¬ 

dies as thofe of linelailic bodies ; for we find that bodies 
of the moll extreme hardnefs are generally highly eladic. 

Diamond, cry Hal, agate, quartz, and fuch like, are the 

mod eladic bodies we know. Philofophers, however, 
rather think that the motions of perfeftly hard bodies 

will referable thofe of uneladic bodies ; becaufe elaftiei- 
ty fuppofes comprefiion. We do not pretend to fay 

with confidence, what would be the motion of a fingle 
atom of matter (which cannot admit of comprefiion) 
which is hit by another in motion. We fee all the par¬ 

ticles of terredrial matter connefted with each other by 
certain modifications of the general force of cohefion, 
fo as to produce various forms of aggregation ; fuch as 

aerial fluidity, liquid fluidity, rigidity, fortnefs, dufti- 
lity, firnmefs or hardnefs ; all of which are combined 
with more or lefs eladicity. Thefe tangible forms re- 

fult from certain pofitive properties of the material 

atoms of which the particles are compofed ; and, in all 
the cafes which come under our obfervation, thefe pro¬ 

perties produce preffures of one kind or another ; all of 
which are moving forces. They are inherent in the 
particles and atoms: therefore when fuch atoms are in 
motion, thefe forces are in a condition which affords 
occafion for a continuation of this preffure that is com¬ 
petent to the produftion of motion in another particle. 

But what would be the event of the meeting of atoms 

diveded of fuch forces, we profefs not to know, or even 

to conceive. 
The faft alfo is, that all the changes of motion, com¬ 

monly called impuifions, which have been obferved, are 

preclfely fuch as have been deferibed. Uneladic bodies 
A a=tz B b 

proceed in contaft with the velocity —x—r^r~' Per- 
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tions, in all cafes that we can obf rve and mafure with Iippulfiou, 
accuracy. All thefe things can be ascertained with — 
great precifion by means of the collifion of pendulous 

47 
The obfer- 
ved effe<5ts 
of collifion 
are perfedb 
ly conform- 
able to the 
propofi- 
tions now 

eftabl filed. 

A-FB 
feftly eladic bodies feparate after collifion, and each 

fudains double of the change that is. fudained by an un¬ 
eladic body. Bodies of imperfeft eladicity differ from 
the two fimple cafes, precifely in the proportion of the 

eladicity difcoverable by other trials. The mutual ac¬ 
tions are obferved to be in the proportion of their rela¬ 
tive motions, whatever the real motions may be. For 

not only are the changes of progrefiive motion exa&ly 

in this proportion, but the compreflions and changes of 
figure, which we confider as tjie immediate occafions of 

thofe aftions, are alfo obferved to b« in the fame propor- 

bodies in the way pointed out by Sir Cbriftopher Wren 
(a method attributed by the French to their country¬ 
man Maiiotte, but really invented by Wren, and exhi¬ 
bited to the Royal Society of London the week after 
he communicated his theory of impulfion). - 4$ 

We mud alfo infer from thefe fafts, that the aftions Ex'enfive 

of bodies on each other are mutual, equal, and op polite. J^° 

This is really an inference from the phenomena, and o^e^ual ac- 
not an original or lird principle of reafoning. The ri- n and 
contrary is conceivable, and therefore not abfurd. in a&ion. 

the fame way that we can conceive a magnet repelling 
iron, without imagining that the iron repels the magnet, 

we may conceive a golden ball capable of impelling a 
leaden ball before it, without conceiving that the leaden 

ball will impel the golden ball. We do not find this 
cafy indeed; becaufe the contrary is fo familiar, that the 

one idea inffantly brings the other along with it. We 

apprehend it to be impoffible to demonffrate, that a 
leaden ball will not fiop as foon as it hits the golden 

ball, or vice verfa. But all our experience fhews us* 
that the preffures exerted in contaft are mutual, equal, 

and oppofite. The fame thing is obferved in the forces 
which conneft the parts of bodies. A quantity of land 
or water balanced in a fcale will remain in equilibria in 

whatever way it is ftirred about ; its parts always exert 
the fame preffure on the fcale : fo does a body fufpend- 
ed by a firing or refiing on the fcale, by whatever 

points it is fupported. This could not be if the particles 
did not exert mutual and equal forces ; nor could the 
phenomena called impuifions be what they are, if the 
preffures occafioned between the particles by the com- 
prefilons and dilatations were not mutual and equal. 

This law of aftion and reaftion mull be admitted as 

univerfal, though contingent, like gravity. Donbtlefs 
it refults from the properties which it has pleafed the 

great Artifi to give to the matter of which Fie has 
formed this world. There is one way in which we can 
conceive, moll diftinftly, how this may be a univerfal 

property of matter. If we grant the reality of attrac¬ 
tions and repulfions e diflanti, and fuppofe that every 
primary atom of matter is precifely fimilar to every 

other atom in all its properties, and that this affem- 
blage of properties confiitutes it a material atom; it fol¬ 

lows, that every atom exerts the fame attraftions and 

repulfions, or has the fame uniting and evafive tendencies, 
and then the law of aftion and equal reaftion follows of 
courfe. This is furely the very notion that any perfon 
is difpofed to entertain of the matter. And if mecha¬ 

nical force and mobility are the qualities which diftin- 
guifh what is material from mind or other immaterial 

fubftances, the law of equal and contrary reaftion feems 
nearly allied to the clafs of firft principles. 

Of all the phenomena that indicate this perfeft equa¬ 
lity of aftion and reaftion, the moil fufceptible of ac¬ 
curate examination is the famenefs or equality of aftion 
when the relative motions are equal. Now there is no 
phenomenon more certain than this. In confequence 

of the rotation of the earth round its axis, and its.revo¬ 
lution round the fun, it is plain that all our experiments 

and obfervations ate on relative motions only. Now, 

we not only find that the aftions oi two bodies fubjec- 
' . ted 
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fmpuMon. ted to experiment are equal when the relative motions 

v are equal, but we find that all our meafures of adion 

on a finale body are proportional to the apparent mo¬ 

tions which they produce. It requires precifely the 
fame force to impel a ball eaftward, weftward, fouth, 
or north, at i 2, or 3, or 6, or 9 o'clock : yet the real 

motions are immenfely different in all thefe cafes, and 
it is only the relative motions that have the proportions 

which we obferve. Another very important point de- 
ducible from our experiments is, that the fame preffure 
produces the fame change of motion, whatever may be 
the velocity. We know this by obferving, that when 
the mutual dimpling or comprefiion is the fame, the 
change of motion is the fame, whatever be the hour of 
the day. Ihis could not be it it required a greater 
p refill re to change the velocity jcoooo into 100001, 

than to change the velocity 1 into the velocity 2. Yet 

this is one of Leibnitz's great metaphyfical arguments 
for proving that the force accumulated, and now inhe- 

' rent> >‘n a moving body, is proportional to the fquare of 
its velocity. We beg that this may be kept in remem- 
brance. 

It mult be granted, that what we have already faid 
on the lubjedt of impulfion may be called an explana¬ 
tion ; for it deduces the phenomena from general and 

unqueftionable principles, and from acknowledged laws 
of Nature. The only principle ufed is, that a moving 
force is indicated, charatterifed, and meafured, by the 
motion which it produces. It is an acknowledged law 
of Nature, that preflures are moving forces ; alfo, that 
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moving: ^ forces appear in cafes where we obferve neither 
preffures nor impulfions, and which we call repulfions 
or evafive tendencies ; that thefe are mutual and equal : 
and we have (hewn, how a certain fet of changes of 
motion refult from them* and have Rated diftin&ly the 
whole procefs : we (hewed, that thefe phenomena are 
iirnilar to thofe of common impulfion ; and we then 

(hewed in what manner the motion of a body gives oc- 
ca/jon to the exertion of various moving forces, called 
elqflkity, cohefwn, See. and that this exertion mutt pro¬ 

duce motions fimilar to thofe produced by repulfions 
e diflanti; and, laftly, we inferred, from the perfedl 

famenefs of thofe refults with the*a&ual phenomena of 
impulfion, that thofe corpufcular forces are the imme¬ 
diate and only caufes of the changes called impulfions, 
and commonly aferihed to a peculiar force inherent in a 

49 moving body. 

\Vhy does From a colle&ive view of the whole, we think it clear, 

5he °Pinion tliat impulfion is the foie caufe of mo- 
to explain ^10n rs unwarranted. We fee that the phenomena of 
gravitation,impulfion are brought about by the immediate operation 
&c- by im- of preffure ; and we fee numberlefs inttances of prefigure, 
Pu Ilon • in which we cannot find the fmallett trace of impulfion. 

It is therefore a moft violent and unwarranted opinion, 

which aferibes to repeated unperceived impulfions all 
thofe folicitations to motion by which, or in confe- 
qlienee of which, the motions of bodies are affedfed by 
diftant bodies, or bear an evident relation to the litua- 
tion and dittance of other bodies ; as in the examples, 

of planetary defle&ion, terrettrialgravitation, magnetieal 
and ele&rical deflexions, and the like. There is nothing 
in the phenomenon of the preflfure of gravity that feems 
to make impulfion more neceffiny or more probable than 
in the preffure of elafticity, whether that of a fpring or 

of an. expaniive fluid. The admilfion of an unperceived 

fluid to cffedl thofe impulfions is quite unwarranted, Impulfion. 
and the explanation is therefore uuphilofophical, even '-v—' 
although we fhould perceive intuitively that an atom in 
motion will put another into motion by hitting it. We 

apprehend that this cannot be affirmed with any clear 
perception of its truth. 

On the whole, therefore, we nmft aferibe that con-ImpuIGon 
tented acquiefcence in the explanations of gravitation, ** fuppofed 
and other attractions and repulfions, by means of im-t0 be bcttc^ 

pulfe (if the acquiefcence be not pretended), to the fre-andnwe1 
quency and familiarity of impulfion, and perhaps to familiar, 
the perfonal (hare and interett we have in this mode of 
producing motion. We know that it is always obje&- 
ed that nothing is explained, when we fay that A. re¬ 
pels 13, or that B avoids A ; but we mutt fay in return, 

that nothing is explained, when we fay that A impels 
B by hitting it, or that B Hies away from the ttroke. 
Why fhould it not be allowed to ufe the term repelling 
power, when it is allowed to ufe the term impelling 
power, the force of impulfe, inertia ? All thefe terms 

only exprefs phenomena. Does the word body exprefs 
any more ? 

The maxim, that a body cannot a6i where it is not, It is not 
any more than when it is not, is a quaint and lively ex-better un~- 
preffion, and therefore has confiderable effe& : It may derilood> 
be granted ; for we apprehend that we understand fo 
little about when and where, that we cannot demonttrate 
the affirmative or negative in either cafe, and that they 
are on a par with refpedh to our knowledge of them. 

We can have no doubt, however, of the fa&, that our 
mind can be affe&ed by an external object that is mere¬ 
ly .recollected. And we apprehend, that we know no¬ 
thing of the difference between body and mind but what 
we have learned by experience. Body, for any thing 
that we a(furedly know to the contrary, may affedt, c£- 
be affe&ed by, a dlttant body, as well as mind may he. 
It is therefore worth while to pay fome farther atten¬ 

tion to the phenomena, in order to fee whether this ex¬ 
perience is fo univerfal and unexpected as is believed. 

As Mr Cotes, and many of Newton's difciples, are ac- 
cufed of explaining many phenomena by attraction and' 
repulfion which them opponents affirm to be cafes of 
impulfion ; it is not impollible but that ordinary obfer- 
yers, who have no preconceived theories, may imagine' 
impulfions to obtain in cafes where a more accurate in-, 
fpedtfon would convince them that no impulfion has 
happened. 

When we kiVk away a foot-ball, we confidcr It as aEnc/ulyi^. 
lort of folid continuous body ; yet we know that it'otheftmi-- 

mutt be filled with compretted air. It may not be im liarity o{ 

poffible to have it of Its round (hape without being, fo'ffnee^f 
filled: but we know that, in this condition, it would a root-balk 

not fly away from our foot by the ftroke ; we ihould 
only force in the fide which we kick, and the flaccid 
fkin. would lie at our feet. Bat when it is filled with 

ftrongly compreffed .air,' we can form to ourfclves 
a pretty diilmiH notion how it is made to move oft". 
Our foot prefies on a part of the (kin: this com- 
prefles the air againft the anterior part of the bag, and 
forces it away. If we reflea more ferioufly on the 
proccfs, we can Hill conceive it clearly enough, by 

thinking on a row. of aereal particles, reaching fi\;m the 
part ftruck by the foot to the anterior part, each touch- 
ing the other, and therefore forcing the anterior part 

forward* i he air is conceived to confift. of a number 
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Ir'pilfi m, of little fplicrule^ in con tad, each of which is com- 
^—*-' preHiBle1; and we thmk the operation ilhiftrated by 

fnopofing each to be like a little veficle or bladder. 

Tiffs we lieliWe to be the rifnal way of conceiving the 
rnpft’ftrion of ex pan five fluid's: But this will not agree 

at aM v. ?l v the known properties of air ; for it can be 
fir?r\Tv. derrioiiit‘*cited, that if fuch a* collection of elaftic 
vefidcsffie compreffed into the half of their ordinary 

bulk, every veflele will be changed from a fphere into 
a perfect cube, touching the adjoining cubes in every 

joint of its fix hides, and ftrongly prefled againft them. 
It can alfo be demonftrated, that if a leaden cube of 
one inch be included in the box, and placed with its 

ticks parallel to the Tides of the box, and the compref- 
fion be then made, all the little cubic veficles will ac¬ 

quire the fame pofition. If the box be now turned up- 
fide down, it can be demonftrated that the weight of 
tin’s leaden cube will not be fufficient for overcoming 

the reflftance of the compreffed cubes. kL liis compref- 

fed mafs will not be fluid, but will require a very* con¬ 
fiderable force to prefs the leaden cube through it, juft 

as we find fnch a force necelTary for moving a body 
through melted glafs: the particles no longer‘Aide ou 
each other like uncompreffed fpherules; each will re¬ 

quire about half of the compelling force, in order to 
overcome the fri&ion, or obftrudion like fridion, pro¬ 
duced in Aiding along the fur face of the contiguous 
cubes. But we know that air remains perfectly fluid, 
although vaftly more compreifed than this. This, there¬ 

fore, cannot be like the conftitution or form of air. 
Moreover, it is well known that air has been made ten 
rimes denfer than its ordinary ftate, and is then perfed- 
ly fluid. It has alfo been*made a hundred times rarer, and 

it -ftill remains perfedly fluid. In this ftate its particles 
muftbeten times farther removed from each other than in 

the former ftate, of a thoufand times greater denflty. Yet 
we know that this rate air is com preffed with a force equal 
to the weight of a ftratur/l of mercury -id of an inch in 

thicknefs, and that if fd of this preflure be removed, 
it will expand till it’is 150 times rarer than common 

air; that is,, there is fome force which pufties the 
particles ftiil farther from each other.; This force evi¬ 
dently extends beyond the tenth particle of air that is 

made ten times denfer than common air. Therefore 

the elafticity of air does not arife from the contad of 
particles, which are elaftic like blown up bladders, but 
from fome force which extends beyond the adjoining 

particles. There is no greater reafon, therefore, for 
fuppoflng, that the particles of air touch each other, 
than for fuppoflng that the two magnets touch each 
other becaufe they repel. A- row of magnets floating 

•on qUickfllver, and placed with their flmilar poles front¬ 

ing each other, and very near, will tend to feparate, 
and they require to be held in by a flop put at each 
end of the canal ; and if one flop be gradually \vitli- 

„ drawn the magnets will all feparate, and exhibit the 
*• general mechanical effects of a row of aerial particles 

itparating by the removal of preflure. 1 here|feems, 
therefore, to be the fame neceffity tor the operation of 
an intervening impelling fluid for producing this fepa- 

ration or elafticity cf the aereal mafs, as for feparating 

the magnets. 
vary The refult of thefe remarks feems to be, that the 

doubtful, impulsion *of a foot-ball is not brought about in the 

ay that is commonly imagined, by the excitement of 
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corporeal preflure,at the points of contad of the t\yo ImpalHon. 

foot balls. For we fee it almoft demonftrated, that the 
progreflive motion of. the* anterior part of oqe of the 

balls has been produced without contad. or, at leaft, 
by the intervention of repulfions acting at a diftance.— 
May not this obtain, even in the points in which we 
fuppofe the two balls adually to touch, in the ad of 

imp ul ft on ? o 53 
But farther —Every perfon has obferved the brilliant Many cares 

dew-drops lying on the leaves of plants. Every perfon 
acquainted with Newton’s optical difeoveries, mull be ~ ' 

convinced that the dew drop is not in mathematical 
contad with the leaf; if it were, it could have no bnk 
liancy. Molt perfoiis have obferved the rain drops of 
a fummer fhovver fall on the furface of water, and 

roll about for a few feconds, exhibiting the greateii 

brilliancy. They cannot, therefore, be in mathema¬ 
tical contad with the water. There muft be a fmail 
diftance between them, and therefore fome force which 
keeps them afunder, and carries the weight, that is, 
counterads the downward preflure of the rain-drop. 
We know that fome infeds with long legs can run 

about on the furface of water ; and if we lift them care¬ 
fully, and fet them on glafs, their feet do not wet it. 
Put a little fpirit of wine intOvthis water, and make it 
lukewarm, and the infed inftantly finks up to the 
belly, and cannot move about as before : Its feet will 
now wet a glafs. A well-poliflied fteel needle, even of 

confiderable flze, if perfedly clean and dry, will float 
on water without being wetted : It.is obferved to make 

a confiderable, depreflion 011 the furface of the water, 
juft as a heavy bar of iron would make when laid,on a 
feather-bed—the needle difplaces a quantity of water 

equal to itfelf in weight, yet does not touch it, for it 
is not wetted. If it be previoufly wetted, it will not 
difplace any water, and will not float. There is iome- 

tliing, therefore, which keeps the water.at a diftance 
from the feet of the infed, and from the needle,-exert¬ 
ing a certain upward preflure.;on,them. The preffure 

and the readion are indeed very fmail; but,they,would 
produce a very fenfible motion, if continued iufiiciently 

long in proper circumftances. Here would be a pro- 
dudion of motion, which moft perfoiis would call an 
impulfion—yet there would be no ftroke, no contad, 

and therefore no true impulfion. 
tWe now beg the reader to attend minutely to New¬ 

ton’s famous experiment with the objed glaffes of long 
telefcopes, which we have mentioned circumftantially 

in the article Optics, Encycl. xi 63—68. . 54 

When the upper glafs is very thiu and light, no co-Very re- 
lonr appears at the point of Con tad : but by pref-markable 

ling it down with fufficient force, we fliall have a black 
or unrefleding fpot in the middle, fui rounded by a fll-fa}feiy 
very ring, and then by a feries of rings of various co-teeming to* 
lours, according to the diftance between the parts oftouch. 

the glaffes where the colours appear. New tun has 

counted 50 of thefe rings. He fhews, by a careful 
computation from the known figure of the glaffes, that 

the differences between the diftances which exhibit 
thefe colours are all precifely equal, and that each is 
about of an inch. Therefore, fuppoflng that the 
glaffes are in mathematical contad where the unreflect¬ 

ing fpot appears, making one continuous mafs of glais, 
their diftance at the outermoft ring muff not be lefs 

than o{ an inch> or tts of an Therefore, 
v whep 
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without any appear- 
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Tmpulfion. when one glafs carries the other 

ance of colour at the middle, we nuift conclude\hat 
there is a repulfion exerted between the neareft parts, 

at a di(lance not lefs than of an inch, fuffictent 
for fupporting the upper glafs. It requires an increafe 

of preflare to produce the firft appearance of colour; 
and when the prelfure is dill more rnereafed, new co- 
lours appear in the middle, and the colour formerly 
there is now feen in a furrounding ring; thefe multi¬ 
ply continually, by new ones fpreading from a central 

fpot. A great prelfure at lafr produces the unrefka- 
ing fpot in the centre, which, unlike to all the colour¬ 

ed fpots which had'emerged in fucceflion, is friarply 
defined, and never round, but ragged, and it is imme¬ 

diately furroumkd by a bright filvery reflection. The 
ihape of this fpot depends on. the figure of the fur- 

laces ; for, on turning the upper lens a little round its 
•axis, the inequalities of the edge ol the fpot turn, in 
lome degree, with it. This feemingly trifling remark 

will be found important by the mechanician : A frill 
farther increafe of preflure enlarges the unrefle&ing 
ipot, and the dimeniions of all the rings—When the 
preflure is gradually withdrawn, the rings ihrink in their 
dimeniions, the unreflecting fpot difappears firft, and 
each ring in fucceflion contracts into a fpot, and va- 
mflies. Here we have, by the way, an explanation of 
the brilliancy of dew-drops : they come fo near, per¬ 
haps, that the neareft point reflects the filvery appear¬ 
ance—but they do not touch; the inftant that they 

touch a wetted part, making one mafs ol tranfparcnt 
^ matter, all brilliancy is gone. 

They repel Here then are inconteftible proofs of a force, be its 
«ach other;origin what it may, which keeps the glafles afunder, 

-and even caufes them to feparate ; which manifefts it- 

felf by withftanding preflure ; and therefore is, it (elf, a 
pielfure, or equivalent to a preflure—It varies in its in- 
tenfity by a change of diftance; but we have not been 
able to afeertain by what law. It mull not be mea- 

fured by the Ample variation of the external preflure ; 
for fince we fee that, even before any colour appears 

in the centre, the weight of the upper lens is fupport- 
ed, we muft conclude that the glafles are exerting at 
lead an equal force all around the circumference of the 
outermoft rir\g. It is evident, that the computation of 
the whole force, exerted over all the coloured furface, 
mull be difficult, even on the ftmpleft hypothefis con¬ 
cerning the law of repulfion ; we can only fay that it 
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IIlong a preflure. We then cut out of it, with a h rm^lfon. 
pidary’s hollow drill, a piece of } of an inch in diame- ' 
ter, and perfectly round, and we fqueezed it on the 

other by a rneafured preflure, till we produced a colour- 
leis fpot ol nearly ^th of an inch in diameter, with a 
lilvery margin. Computing from this, we thought 

ourfelvcs warranted to fay, that not lefs thau Boo pounds 
are neceffary for producing a black fpot of one inch 
fquare! 4 

Now, what is the confeqneuce of all this in the doc-And may 
trine of impullio/i ? Surely this :—If a lump of this*mPe* whh- 

g!afs ftrike another lump, and put it in motion, and ii?ut CoUch~ 
the mutual prdTure in the act of colliflon do not ex-"^ 
cced 700 pounds on the fquare inch, the motion has 
been pi educed without mathematical contact, and the 
production can no more he called impulie than the 
motion of the magnet in our firft experiment. The 
changes of motion have been the operation of moving 
forces, iimilar to the force of magnetifin ; and if a 

ftream of truly impelling .fluid be neceffary for pro¬ 
ducing the motion of the magnet, it is equally neeef- 
fary for producing the motion of the piece of glafs. 

It may be laid here, that we cannot compare impulf* 
and prelfure. A flight blow will fplit a diamond whrnh 
could fupport a houfe. A flight blow may therefore 

be enough for exciting all the preflure necefTary for pro- * 
ductiig mathematical contaCI. We muft here appeal to 

increafes by a diminution of diftance. It is very eafy 

to compute the increafe of external prelfure, which 
would fuffice if the repelling force were equal at all 
dfftances; or if it varied according to any Angle power 
of the diftances. We have tried the inverfe fimple, 

duplicate, aud triplicate ratio ; but the fa ft deviated 
Widely from them all. The repullion does not change 
nearly fo much as in the Ample inverfe ratio of the 
diftances, if the glafles be fuppofed to touch in the 
whole furface of the unrefletfting fpot. But we found, 
that if we fuppofe them ft par at ed, though at a diftance 
equal to forty times the difference of diftance at which 

the colours change, that is, of an inch, the pref- 
fures employed in the experiment accord pretty well 
with a repulfion inveritly as the diftance, but Hill with 

H very confiderable deviation in the great prelfures. In 
the courfe of a number of experiments, with a favour¬ 

ite pair of lenfes, we broke the uppermoft by too 
Suppl. Vol. I. Part II. 

what every man feels on this occafton. We doubt ex¬ 
ceedingly whether any perfon will think that, when 

one piece of glafs gives another a gentle blow, and 
puts it into motion, with the velocity of a few inches 
per fecond, a blow which he diftin&ly hears, there bus 
been exerted a prelfure at all approaching to 800 

pounds per fquare inch—We have fufpended a pair of 
lenfes, by an apparatus fo Heady and firm, that they 
could touch only at the centres of each furface; and, 
having placed ourfelves properly, we could fee, with 

fufhcient diftindlnefs, the momentary appearance of the 
coloured fpot at the inftant of colliflon. We faw this, 
with the fulleft confidence that it was of no coniider- 
able breadth in a moderate ftroke, and that it was very 
fenfibly broader when the ftroke was more violent. We 
did not trull our own eye alone, hut (hewed it to per- 
fons ignorant of plulofophy, and even to children, often 
without telling them what to look for, but afking them 
what they faw. From all the information that we 
could gather, none of the prelfures came near to what 
mull have been uecelfary for producing the black fpot. 
I ins could not be miftaken : for although the outer 
rings are but taint, there are five or iix near the centre 
which are abundantly vivid for affe&ing the eye by the 

momentary fkiffi. Befides, the dirnenfions of the lenfes 
and the weight of the metal cells in which they were 
fixed, were inch as muft have caufed them to fplit be¬ 
fore the black fpot could be produced in the centre. 

T<refe things being maturely considered, we imagine 

that few perfons will now doubt the juftice of our af Ah1 cc.p* 
fertion, that in all thefe examples, the motions have been 

pioduced without mathematical (or rather geometrical) violent 

contact—And we imagine alio, that few will refufe rokes’ 
granting that this is not peculiar to glafs, but obtains 
alio in the colliflon of other bodies. We have not 

thought of any method for putting this beyond doubt; 
but we have better reafons than, mere likelihood for 
being qt this opiniou. Every one acquainted with the 

5 J Newtonian 
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Impulfion. Newtonian diicoveries in optics, knows that this cu- 

t rious appearande of the coloured rings is the confe¬ 

rence of the action of tranfparent bodies on the rays 

of light, by which tliefe are bent atide from their rec¬ 

tilineal conrfe, and that’this deflexion takes place at a 

diftance from the diaphanous body ; a diftance which 

the fagacity of the great pHilofopher has enabled us to 

meafure. Now, it is known that metals and other opaque 

bodies produce the very fame deflcCtions of the rays, 

bending them toward tbemfelves at one diflance, and 

from them at other difiances; in (hort, attracting or re- 

pelling them as the diftance varies. Nothing but pre- 

poffeflion can binder a pCrfon from aferibing fimilar ef¬ 

fects to fimilar caufes, and, therefore, thinking it al- 

moft certain that this mutual repulfiou is not peculiar 

to glafs, but common to all folid bodies. 

To all this we may furcly add the celebrated expe¬ 
riment of Mr Huyghens; in which it is evident, that a 
fmooth plate of metal attra&s another, even although 
there be a fdk fibre fnterpoftd between them. (See 

Phil. Tratf n° 86.) Is it not highly probable, that 
at a fmaller diflance the bodies repel each other ? For 
we obferve, that metals, as well as tranfparent bodies, 

attraCt the rays at one diftance and repel them at an- 

57 other. 
Impulfion Surely our readers will now grant, that the produc- 

tl0n mot^on by impulfion, as diftinguifhed from the 

believed, production by aCtion e diftanti, is not lo familiar a phe¬ 

nomenon as was imagined, and that it may'even be faid 

to be rare in comparifon : for the inftances of modew 

rate impulfes are numberlefs. The claim of this mode 

of explaining difficult phenomena by impulfion, has 

therefore loft much of its force ; and we fee much lefs 

reafon for calling in the aid of invifible fluids, in order 

to explain the aCtion of gravity, magnetifm, and eleCtri- 

^8 city. 

Stillgreater But we have ftill more important information from 

doubts. Ob-tbe optical difeovery of Newton. Let the reader turn 

fervations aga;n tQ Optics, EncycL n° 65, and read the account 

bubble.^ phenomena exhibited by the foap-bubble. The 

bubble is thinner and thinner as we approach the very 

uppermoft point of it. It alfo exhibits numerous rings, 

which vary in their colour, in the fame order as in the 

fpace between the lenfes. Thefe rings come to view in 

the fame manner. Firft, a coloured fpot appears in 

the fummit of the bubble ; this becomes a ring, and is 

fucceeded J?y another fpot, as the bubble grows thin¬ 

ner in that part, by the gradual fubfiding of the wa¬ 

tery film* At laft a black fpot appears at top, well 

defined, but of irregular fhape, furrounded by a filvery- 

ring. This fpot, when viewed very narrowly, is ob- 

ferved to refleCt a very minute portion of light, with¬ 

out-feparating the differently colorific rays of which it 

confifts; but it contains them all, as may he proved by 

viewing it through a prifm. "After fome little time 

the bubble burfts. 

Surely we muft infer from this, that there is a certain 

thicknefs of the tranfparent plate which renders it unfit 
for the vivid reflection of light. Does it not legith 
mately follow from this, that the 11 nrefleCling fpot be¬ 

tween the lenfes ceafes to entitle us to fay, that they 
are lVcontaCt in that place ? All that we can conclude 
from its appearance is, that the diftance ftill between 
the glaffes is too fmall to fit the place for the vivid re¬ 
flexion of light. Thi* conclufion is rndifpu table. Were 
/V 

802 ] r 7 M P 
it refilled, w./are furnilWd with1 air inconteftitle proof Impulfion* 
by the fame bountiful hand. Nbvton aferihed the co- J 
lours to the reflection of the plate of air between the 

glaffes, and expeCted the ceffation of them' when the air 
is removed. His friend Mr Boyle had lately invented 
a commodious air pump. The trial was made, and 
young Newton found himfelf miftaken ; for the colours 
(till appeared, and he even thought them more brilliant. 
He then tried the effeCt of water, expeCting that this 

would diminifh their luftre. So it did ; and he found 
that the dimenfions of the rings were dimiiiifhed in the 
proportion of 4 to 3 ; namely, the proportion of the 
refradions of glafs and water. By this time Newton 
had difeovered the curious mechanical relation between 

bodies and the rays of light ; and his mind was wholly 
abforbed by the difeovery, and by the revolution he 
was about to make in the mathematical doCtrines of 
optics. Unfortunately for us, he did not, at that time, 
attend to the mighty influence which the difeovery 
would have on the whole of mechanical pbilofophy, and. 

therefore occupied himfelf only with fuch phenomena 
as fuited his prefent purpofe. A moft important phe¬ 
nomenon paffed unnoticed. In repeating Sir Ifaac 

Newton’s experiments, we found that the diameters of 
the rings decreafed in the proportion of 4 to 3 only in 
certain circumftances. When the upper lenfe was 
preffed on the other by a heavy metal ring, fo as to 
produce three or four coloured rings, we found that 
when water got between them, fometimes no colours 
whatever appeared; fometimes there was a ring or two, 
and the diameters were diminifhed in a much greater 
proportion than Newton had afligned. Well allured' 

of the extreme nicety of all his proceedings, we were 
much puzzled with this difcrepancy, and mentioned 
it to a moft refpe&able and intelligent friend, the late 
Dr Reid of the univerfity of Glafgow, a mathematician 

and naturaliit of the firft rank. He thought it not im¬ 
probable that the glaffes feparated from each other, 
lifting up the weight, by attracting the water into the 
interftice, in the fame manner that we obferve wood to 
fwell with moiftnre. We immediately got an apparatus 
which compreffed the glaffes by means of four icrews; 
and now we faw Newton’s proportion moft ftviClly ob- 
ferved. But in profecuting the experiment, we found 

that the introduction of the water always effaced a 
very fmall fpot. This happened after precautions had 

been taken to prevent all feparation of the glaffes. 
As the proportion of 4 to 3 has a relation to refraCtive 
power, although we have not been able to deduce it as 
-ar neceffary confequence, we neverthelels confidered it 

as a fufficient proof that the diftances of the glaffes had 
not changed by introducing the water between them. 
Therefore we think curfelves well entitled to conclude, 

that the difappearance of the black fpot was not owing 

to a feparation of the glaffes, which admits the water 
into the empty fpacc ; arid wc affirm, that before the 
entry of the water, there, was room for it in the place 
which refle&ed no light; that is, that althoughthe glaffes 
were preffed together with a very great force, they were 

not in contaCh 
It deferves remark, that in endeavouring to produce Remar£# 

the black fpot, when water is between the glaffes, we 
found great and unaccountable anomalies. Sometimes 

a moderate increafe of preffure produced it, and fome- 

timea we were not able to produce it by any preflure. 
Several 



rmpulfiojv Several Iet}fes were broken in the trial. We are led to 
'——v—' think that the thicknefs which gives the filveiy reflec¬ 

tion is much greater than the 8900th part of an inch, 
and that it is not the fame in all glades. But we were 
interrupted in thefe experiments, and indeed in all a&ive 

purfuits, by bad health, which has never permitted their 
renewal, The fubjedl is of great importance to the cu¬ 
rious mechanicians,, and we earneftly recommend it to 
their attention. 1 here is fomething very remarkable 
in the abrupt fenfation of the coloured reflexion. At 
a certain thicknefs all colours are reflected, without fe- 
paration, producing the whitenefs of filver. Tlie hnalh 

, eit diminution of it hinders the vivid reflection of all 

colours, and then there feems to fucceed a thicknefs 
which equally refle.&s a finall proportion of all without 
feparatfon. The fined polifli that can' be given to glafs 
in the tool of the artift, leaves irregularities which oc- 
cafion the irregular ragged figure of the fpot. It is 

worth trying, whether fmoothing the fur faces (both) by 
a ; foftening heat will remove this ruggednefs. If it does, 
without deftroying the fharp termination, it will prove 
the abrupt paffage from ejfe.to nonejfs. 

Tlie lafl remark to be made on this important expe- 
nment in optics is, that the diftauce between the glafl'es 
v liich is unfit for vivid reflection, cannot be determined 
by means of the other meafurable intervals. It may be 
equal to many of them taken together. The fame mull 

be granted with refpeCt to the thicknefs of tlie black 
fpot on the top of the foap bubble. We attempted to 
meafure this thicknefs by letting a drop (of a known 

weight) of fpmc of turpentine fpread on the furface of 
water. As it flo\yly enlarged in furface, it decreafed 
in thicknefs, and produced, in regular order, feveral of 

the more compounded colours of the Newtonian feries. 
But before it came to the 20th ring from the centre, it 
became very irregular and fpotty. 

Contact Is The inference to be drawn from this combination of 
nut proved the two optical faCts is remarkable and important. It 
in co 1 on. js^ that we have no authority for affirming that the 

v changes of motion by the colli lion of bodies is brought 

about by abfolute contaCl in any in fiance whatever. 
The glaffes are not in contaCl where there is vivid re¬ 
flection; and we have no proof that they are in contaCl 

in the black fpot, however great the compreflion may 
be. J 

It is hardly neceflary now to fay, that all attempts 
to explain gravitation, or magnetifm, or ele&ricity, or 

pVin°eravi fudl aPParei>t adl‘on at a dl*^nce by the impulfions 
tiition; ’of an ,unfeen duid> are futile in the greateft-degree. 

Impuifion, by abfolute contaCl, is fo far from being a 

familiar phenomenon, that it may juftly be queflioned' 
whether we have ever ohferved a fmgle inflance of it. 
The fuppofition of an invifible impelling fluid is not 
more gratuitous than it is ufelcfs ; becaufe we have no 
proof that a particle of this fluid does or can come into 
contaCl with the body which we fuppofe impelled by 
it, and therefore it can give no explanation of an aClion 

61 that is apparently e dijlanti. 

But impul- The general inference from the whole feems to be, 

explainedtllat’ ^ftead explaining preffure by impulfe, we muff 
by conti- no^ .onv uenve all irppulle from prefiure, but muft alfo 
rued pref- aferibe all prefiure to aftion from a diftance ; that is, 

fure’ to properties of matter by which its particles, are moved 
without geometrical contaCl, 

This, collection of fads confpires, with many .appear- 

particles JJlf r°rd m11"’ pr°Ve t!,at even the Impolite* 
particles of folid, or fenfibly continuous bodies, are not ' 

in contaCl, but are, held in their refpective fituatfons by 

the balance of forces whiqh we are accultomed to call 
attractions and repulflons. The fluidity of water under 
very ftrong compreflions (which have been known to 

comprefs n V7th of its bulk), is as inconf.ftent with the 
fuppohtion . .01 contact as the fluidity .of air is. The 

lhnuking ot a body in all its dimenflems bv cold, nay, 
even the bending ot any body, cannot be conceived with-' 
out allowing that Jome of its ultimate unalterable atoms 

change their diftances from each other. 1 he pheno¬ 

mena of capillary attradion are alfo inexplicable; with- 

out admitting that particles aft on others at a.diftance 
from them. 1 he formation of water into drops, the 
coalefcence of o,l under water into fpherical drops, or 
into circular fpots when on the furface, fhew the fame 
thing, and are mexphcable by mere adhefion. In fhort 

all the appearances and mutual admits of tangible mat¬ 
ter concur ,n /hewing, that the atoms of matter are en¬ 
dowed with inherent forces, which caufe them to ap. 
proach or to avoid each other. Tlie opinion of Bof- 

feHU le H-W1S ^ bh WCl1 fOU‘rded J tllat at M ieniible diftances, the atoms of matter tend towardeach 

other with forces mverfely as the fquares of the diltauccs, 
and that, in the neareft approach, they avoid each other 
with infupcralle force; and, in the intermediate diftan. 

ces, they approach or avoid each other with forces vary- 

ing and alternating by every change of diftance. . See 
the article Boscovich, Suppl, 
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Therefore 
impuifion 

nr f a,a thatJias been faid, we learn that phyficalPhjfical 
fenhble contad differs from geometrical contad, in contact er- 

tlie fame manner as phyfieal folidity differs from that 0fp’aine,J- 
the matbematic.au Euclid fpeaks of cones and cvlin- 

ders/landing on the fame bafe, and between the lame 
parallels. 1 liefe are not material folids, one of which 
wotdd prefs the other out of its place. Phyfical con- 
tad IS indicated, immediately and diredly, by our fenfe 
of touch ; that is, by exciting a preffure' on our organ 

of touch when it is brought fufficiently near. It is alfo -J 
indicated by impuifion 5 which is the immediate effed of 
he preffure oceahoned by a fnfficient approximation of 

the body impelling to the body impelled. I'he impnl- 

hon ,s the completion of the fame procefs that we de- 
cnbed in the example of the magnets; but the extent 

of pace and oftime in which it is completed is fo fmall 
that it efcapes our obfervation. and we imagine it to 
beTy contact and in an initant. We now fee that it 
is fmiilar to all other operations of accelerating or re¬ 
tarding forces, and that no change of velocity is inftan- 

taneous ; but as a body, in palling from one point of 
/pace to another, paffes through the intermediate fpace; 
io, in changing from one velocity to another, it paffes 

through all the intermediate degrees without the fmall- 
eit J alt us. 

And in this way is the whole dodrine of impuifion w. ,1 

brought within the pale of dynamics, without the ad-SZnj 

million of any pew principle of motion. It is merclv'abfurd‘tic*- 
the application of the general do&rmes of dynamics to 
cafes where every accelerating or retarding force is on- 
pofed by anothor that is equal and contrary. We have 

found that the, opinion, that there is inherent in a mu-' 

ving 0 y 2 peculiar force, by which it perfeveres in 
motion, and puts another in motiqn by fliifting into it 

Si 2 ' ' • ^ 



IMP [ ? 80+ I] ‘Hi M P 
Impiilfion. is asmfelefs as it is' inetinfiftefrt %itlr ’out nbtidns of mo- 
v - V tion and of movifig force's. rrhe impelled body is mo 

ved: by thV mfuperable ;rhpnliion' exerted by fcll atoms of 
matter* when brought fuffrciently near. The retarda¬ 
tion of the impellingbody does not arife from an inertia, 

or' refilling fluggifhnefs of the body impelled, but be¬ 
caufe this body alfoVepels any thing that is brought fuf- 

ficiently nrar to it. ’ We can have no doubt of the ex¬ 
igence of fuch canfes of motion. Kpvinga, expanfive 

fluids, cohering fibres, exhibit fuch a dive powers, with¬ 

out our being able to give them any other origin than 
the fiat of the Almighty, or to comprehend, in any 
manner whatever, how they refide in the material atom. 

But once wc admit their exigence and agency, every 

thing tlfe is deduced in the moll fimple manner ima¬ 
ginable, without involving us in any thing iocompre- 
henfible, or having any confluence that is incorfillent 

with the appearances. Whereas both of thefe obftruc- 

tions to knowledge come in our way, when we fnppofe 
any thing analogous to force inherent in a moving body 
folely becanfe it is in motion. It forces us to ufe the un¬ 
meaning language of force and motion palhng out of one 

body into another ; and to fpeak of force and velocity 

ns things capable of divifton and adual reparation into 
parts. The'force of inertia is'one of the bitter fruits 

of this mifconception of things. It is amnfmg to fee 
how metaphy ficians of eminence, fuch as 13 Alembert, 
endeavour to make its operations tally with acknow¬ 

ledged principle*. In his celebrated work on dyna¬ 

mics, the moil elaborate of .all his performances, he ex¬ 
plains how a body, whofe niafs is 1, moving with the 

velocity 2, mufl Hop another body whofe niafs - is 2, 
moving with the velocity r, in the following manner : 

He fuppofes the velocity 2 to confill of two parts, and 

that, in the inftant of collifion, one of the parts deftroys 
the motion of one half of the other body, and then the 
other part‘deilroys the motion of the other half. Ihefe 

are words; but in vain fhali we attempt to accompany 
them by clear conceptions. His dillindion between 

the force of inertia and what he calls the adive forces 
of bodies, fuch as the force of bodies which, ftrike 
each other in oppofite directions* is equally nnfufeep- 
ticle of clear conceptions. Adive forces (fays he) ab- 

forb a part ‘ of the motion; but when inertia take3 
part of the motion from the firiking body, this motion 

paffes wholly into the body that is ftrieken, none of it 
being abforbed or really, deflroyed. He demonilrates 

this by the equation A X # — x rr B Xx — b, which 
is a mere narration of fads, but no dedudion from the 
nature of inertia, nor even any eftablilhment of that na¬ 

ture by philofOphical argument. And in attempting 
to give Hill clearer notions (being fenhble that fome 

great obfeurity Hill hangs about it), he fays, u Inertia 

therefore, and properly fpeaking, is the mean of com¬ 

municating motion from brie body to another. Every 
body tefifls motion; audit is by refilling that it receives 
it ; and it receives pfecifely as much as it ddlroys in 
the body which ads on it” Siirely almofl every word 
of thi^ fentence is doing violence to the common life of 
language. ‘ What edn be mote iticomprehenfible than- 

that a body refills motion only when it'receives it ? 
Shoiild a'man be thought to refill being pufhed out of 
his place when he. aduaily allows another to difplace 

him, qnd nqt to fefiftSvheidhe'•firmly keeps his place ? 

All thefe difficulties and puzzling queftions vanilh when 

we giver over fpeaking of‘’inertia'as fomething diftih-laipulfion. 
guifliablc from nhe adive forces or caufes of motion i 
which we find in bodies, and diftingnilh by the names 
of elafticity, cohefion, magnetifm, eledricity, weight, 

&c. and which philofophers have claffed under one 
name, accelerating or retarding force, according as its 
diredion chances|o be the fame, or the oppofite to that 
of the motion under confideration. To fuppofe it a 

peculiar faculty by which a body maintains its condition 
of motion or reft, is contrary to every conception that 
we can annex to the words faculty, power, force. It 
is frivolous in the extreme to fay, that fnow has the fa¬ 
culty of continuing white or cold ; or that it refills be¬ 

ing united becaufe it melts, or becaufe heat mull be em¬ 

ployed to melt it. ^ 

The only argument that we know for giving thestrongeft* 

name force to the perfeverance of matter in its Hate of argument 

motion (or rather for aferibing this perfeverance to the^1^*^^ 

exertion of a peculiar faculty), which appears to de-pi>flt5on Qf~ 
ferve any attention, is one that we do not recoiled theforce with, 
exprefs employment of for this purpefe, namely, the a previous 

compofition of a previous motion with the motion which motlon» 

a known force would prodiice in the body at reft. We 
know that if a body be moving eaftward at the rate of 

four feet per fecor.d, and a force ad on it which would 
impel it from a ftate of reft at the rate of three feet per 
fecond to the fouth, the body will move at the rate of 
five feet per fecond in the diredion E. 36° 52' S. 
We know alfo, that if a force ad on this body at reft, 

fo as to give it a motion eaftward at1 the rate of four 
feet per fecond, and if another force ad on it at the 
fame inftant, fo as to give it a motion to the fouth at 
the rate of three feet per fecond, the body will move at 

the rate of five feet per fecond in the diredion E. 36° 
52' S. In this inltance, the body previously in motion 
feems to peftefs fomething equivalent to what is allow¬ 
ed to be a moving force. Why therefore refnfe it the 
name ? The anfwer is eafy. The term force has been 

applied, by all parties, to whatever produces a change 
of motion, and is meafured by the change which accom¬ 
panies its exertion. There is fome difference between 
the parties about the way of eftimating this meafure ; 
but all agree in making, not the motion, but the change 

of motion, the bafis of the meafurement. Now we Anfwere<! 
ftiewed, at great length, in the article Dynamics, that 
the change of motion, in every cafe, is that motion 
which, when compounded with the former motion, 

conftitntes the new motion. Did we take the new 
motion itfelf as the charaderiftic and meafure of the 
changing force, it would be different in every different 

previous flute of the body, and would neither agree 
with our general notion of force, nor with the know¬ 

ledge that we have of the adual preftures and other 
moving forces that we know. T. he foie reafon why 
the previous motion is equivalent with a force is, that 
the only mirk or knowledge that we have of a moving 
force is the motion which it is conceived to produce. 

The force is equivalent with the previous motion, be- 
canfe we know nothing of it but that motion ; and the 

name that we give it, only marks fome external thing to 
which it has an obferved relation. We call it magnetifm 
or eledricity, becaufe we obferve that a magnet or an 

eledrified body ’gives-occafiort to its appearance. -We 
never obferve the refiftaUcc of inertia, except in cafes 

where we know/from other eireumfhnces, that moving 
forces 
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toress inherent„-irv Bodies: are re,Uj, brought into aftw. gwtes the refults which .will make, this quantity a mini- Impair,on 
The..inertia of the balh whwh_liaa<bevAV moveti'by a rtimm, and/.furts^tUamhefe mujl ,be the laws of culJr-TY-' 
ftvoke_of another, iso inferred from the- dim„ipt|o(i..of Idiom, .Luckily, tfets ipvpftigatimi is extremely'fimple, 
tha others motion But this >s occafipned prec.fely and very neat and perlpicmms and it gives very eafy 
to the feme-way as-the diminution of the motion of the Elutions, lfor example, the unekiftic body A, mov£ 
magnet A m .the ftrft example ; an event which-every with. the velocity overtakes the' un’elaftic body 

niovmg^Vtith the- velocity b. Both move after the col* 

pillion with! |he velocity x~ This velocity, is. required 

To determine this, we mull make A + B X 

l\% a minimum ; or'A a1 — 2 A a x -f~ A ** + B x2 

— 2 B b x + B bx is a minimum. Therefore — 2 A ax 

+ 2 A * x + 2 R x x ~2B^=:o, or2Afl + 2B^ 
_ A I , . 1, : , AfZ-f-B^ 
2 7T'.* “r 2 x> anc* x — “T^“j as vve have 

already fhewn it to be. 

64 
Principle 

ef fmaileft 

action. 

Cl ^ . ,--|-7 T v** v V r\,| 

uuprepoiMed perfon aferihes to the repulhon qf B in 
the oppoftte dire&fon, and not to its. inertia.; * \> 

Wc truft that our, readers' are not difpltaM .with 
this detail of the procedure of Nature in the plienoWe- 
na of impulfion. It has been, prolix ; ?becaufe we.ap 
prebend, that the too fynoptical manner in which the 

laws of collifion have always? been delivered, leaves the 
mind in great qbfeurity concerning the connection of 
the events. . General fads have been; taken for philofo- 

phical principles and elementary.truths ; .whereas they 

were deductions from the fum total of our knowledge. 
They were very proper logical principles for a fy.nthe- 
tical difcuflion ; but their previous eftablifhment as ge- 
neral fads was necelfary. We have eftablifhed the two 
mot general fads from which the refult of every colli¬ 

fion may be deduced with the utmoft eafe. The firft 
is, that in the inflant of grented comprefiion, the com- 

■ i' . A a z±z B b 
mon velocity is = . ^ —; and we have fhewn that 

this is applicable to the collifion of nnelaftic bodies. 
The fecond is, that the change in perfe&ly elaftic bodies 
is double of the change in unelaftic bodies. The conferva- 
tio momentoruw, and the confervatio viriurn vivart/m, are 
alfo general fads ; or rather they are the fame mention¬ 

ed with, thofe above, confidered in another afped. They 

may all be ufed as* the principles of a fyntlietic treatife 
of impilliioB ; and they have been fo employed. Each 
has its own advantages. 

# Mr Maupertuis gives a treatife on the Communica¬ 
tion of Motion, that is, of impulfion or collifion, which 
has the appearance of being deduced from a new prim 
ciple, which he calls the principle of smallest ac¬ 

tion. He fuppofes that per fed Wifdom will accom- 
plifh every thing by the fmaileft expenditure of adion; 
and he chanced to obferve, in the equations employed 
in the common dodrine of impulfion, a quantity which 
is always a minimum. He choofes to confider this as 
the ekpreflion of the adion. 

.His principle or axiom, deduced from the perfed 
wifdom of God, is thus exprefTed : “ When any change 
happens in nature, the quantity of action iiecelfary for 
it is the fmaileft pofiible.” And then he adds, 

“ In mechanical changes, the quantity of adion is the 
product of the quantity of matter in the body by the 
fpace palled over, and by the velocity of the motion.” 
This is evidently the meafure adopted long before by 
Leibnitz (fee Phih Tranf vol. xliii. p. 423, &t.), a-nd 
it is equivalent to m v2 ; becaufe the fpace multiplied by 
the velocity is as the fquare of either. We refer t-o 
Dr Jnrin’s remarks on this paffage for proof that this 

The amiable and worthy author grew more fond of 
his theory, when he faw what he imagined to lie its in¬ 
fluence extended to an immenfe variety of the opera¬ 
tions of nature. Euler demonftrated, that the quan¬ 
tity called aftim by Maupertuis was a minimum in the 

planetary motions, and indeed in all enrvilineal motions 
in free fpace. But all the while, this principle of leafb 
adion is a mere whim* and the formula which is fo ge¬ 

nerally found a minimum has no perceptible connedion 
with the quantity of adion. In many cafes to which 

Maupertuis has applied it, the conclufions are in dired 
oppofition to any motion that we can form of the eco¬ 
nomy of adion. Nay,, it is very difputable whether it 
does not, on the contrary, exprefs the greateft want of' 
economy; namely, a minimum of effed from a given 
expenditure of powtfr. J». the cafe of rimpulfion, this 
minimum is the inatbematical refuli of the equality and 
oppohtiou of adion and readion. Maupertuis might 
have, pleafed his fancy by faying, that it became the 
infinite wifdom of God to make every primary atom 

of matter alike ; and this would have anfwered all hiY 
purpofe. 

There ftill remains to be confidered a^ very material E ^ 

circumftancen*n the dodriue of impulfion, which pro-intoth/dif- 

duces certain modification^ ofr the niofions that are ofinbution 

mighty pradical importance^ We have consented our. °JrimPuIfe 

fdves with merely ftaring the moving force that isfolnJ ‘that. 
broug.it into adlion in the points-of pliyfical contad; is ftruck. 
but have not explained.how this- produces the progref- 
iive motion of every pantiele.of the impelled body. and 
vvhat motion it really duo$ produce-in .the remote par- 

ticles. A body, Jbejiides- the general prpgreflive motion 
winch it receives from the blow, is cdmmonly obferved 

to acquire alfo a motion of rotation, by which it whirls 
round an axis. It lias not been fliewn, that when a- 
body has.received an impulfe by a blow in a particular 

direction on one point, it. will proceed in that diredion, 
or 111 what diredion it wi|l proceed. . Experience fhews' 
us, that this depends on circuinlla'nce'S not yet confider. 

ed. Xhe billiard pfeyer knows, that j,y .a ttrdke in one 
inn nn n nnlo „ __*n . t‘ ri * 

;■ a" —r—-s--y w. . a, muiaru piayCT Knows, that by ,a itroke in one 
is by no means a juft meafure of a6bpn ; and only ob- diredion .he c^n lnake bis antagonift’s. ball move in a 
ferve here, that vve can form no other notion of veloci- diredion extremely different ’ ' 

ty than that of a certain fpace deferibed in a given time. Thefe are queftions of great'intricacy amfdMcultv 
I he change produced ,s not the adual .lefcription of and-would employ volumes to treat kern prSv! 
a line, but the determination to that motion. It is in. We have already enlarged tbiY article till vve fear tliat 

we have exhaufted the., reader’s patience, 'and deviated 
rom the proportioni of room jultly allp\yab)e to imsul* 

RinM. rnnA tLr.o^1:'^ ^ ; '-ir 1 

this refpedf alone that the condition of the body is 

changed ;.and therefore the produdim v, and not msv, 
is the proper meafure of the adion. On the authority 

oi thisvzhaxira o£ divine condud, Maupertuis invefti- 
i-A 

Sion. Ayp, mult therefore limit our attention to j|ich‘ 
things oply. as,feem demcntffry> and. indifpenfably ne- 
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Impulsion. ccfTary for 3kufeful application of the dodrinc of im- 

lmm'' pulfion. 
With refped to the diredion of the motion produced 

by impulfion, the very example juft now borrowed from 

billiard playing, (hews that it. is important, and hy no 
means obvious. We are forry to fay, that we have no¬ 
thing to offer in folution. of this queftion that will be 

received by all as demonstration. It is comprehended 

in the following* .proportion, which we bring forward 
66 merely as a matter qf fad. 

Acftion of The direction of the ftroke or preflure exerted by 
bodies by two bodies in phyfical contad, is always perpendicular 
contad is to t|)C toucbjng furfaces. Of this truth we have a very 

eular to the diftind and pretty example and proof by the billiard 
touching table. If two balls A and B (fig. 2.) are laid on the 
furface. table in contad, and A is fmartly ftruck by a third ball 

C in any diredion C c, fo that the line a A, which 
joins the point of contad a with the centre A, may 

make an obtufe angle with the line AB, joining the 

centres of the two balls, the ball B will always fly off 
in the diredion ABF. The prelTure on B, which pro¬ 

duces the impulfion, is evidently exerted at the point b 
•of contad. and the diredion BF is perpendicular to the 
plane G£H, touching both balls in the point b. The 
primary ftroke is at a, and ads in the diredion a A* 

although C moved in the diredion Co Had A been 
alone, it would have gone off in the diredion a A pro* 
duced. But the force acting in the diredion a A is 

equivalent to the two forces a d and <7 A, of which 
d A prefies the ball on B at 7, and produces the mo¬ 
tion. In like manner, another ball F, fo laid that/B^ 
is obtufe, w’ill fly off in the diredion ED, which may 
even be opposite to C c. Thefe are matters of fad ; 

not indeed precifely fo, becaufe. billiard balls are not 
perfedly ejaftic, reftoring their figure with a prompti¬ 
tude equal to that of their comprelhon ; and alfo be- 
caufe there is a little fridion, by which the point a of 

the ball A is dragged a little in the diredion of C’s mo¬ 
tion. This may both give a twirl to A, and diniinifh 
its preffure on B. The general refult, however, is 
abundantly agreeable to the dodrines now delivered. 
But we wifii to Ihew on what properties of tangible 
matter this depends ; ?and although we dare not hope 

for implicit belief, we exped fome credit in what we 

fhall offer. 

Oemonftra- We have evident proof, that at a diftance which is 
tion. not unmeafureable by its minutenefs, and certainly far 

exceeds the 900th part of an inch, bodies repel each 
other with very great force. This diftance alfo far ex¬ 

ceeds the diftance between the particles, if thefe are 
diferete. Let mn (fig. 3.) be the diftance at which a 

particle repels another, and let P be a particle fituated 
at a lefs diftance than mn from the furface-AC of a fo¬ 
il'd body. With a radius PA, equal to m n, deferibe a 

fegment of a fphere ABC, and draw PB perpendicu¬ 
lar to AC. It is plain that every particle of matter 
in the fegment ABC repels the particle P, and that it 
is not affeded by any more. Let D be any fuch par¬ 
ticle. It repels P in the diredion DP. But there is 
another particle d fimilarly fituated on the other fide of 

PB. This will repel P with equal force in the direc¬ 
tion d P. Therefore the two particles D and 4/ will 
produce a joint, repulfion in the diredion BP. The 
like may be.faid of every particle and its correfponding 

9nc on the other, fide of.PB- Therefore the joint re- 

pulfion of all the matter in the fegment will have the pulfion. 
direction BP. It is plain, that the radius of curvature ~ 
of every fenfible figure may be confidered as immenfely 
great in companion of m n ; and therefore the propofi- 
tion is manifeft. 

This is a propofftion of very great importance to the 
art ill and the engineer, us well as to the philosopher. 
In all the connedions of engines and machines, the mu¬ 

tual adion is regulated by this fad. The mutual pref¬ 
fure at the contads of the teeth of wheels and pinions 
depend fq much on it, that it is eafy to make them of 
fuch a ihape that they (hall produce no force whatever 
that is of any fervice; and it requires a fkilled attention 
to their forms to obtain the fervice we want. This 

will be confidered with fome care in the article Ma¬ 

ch ive. 

Having thus difeovered the diredion of the real im- 
pnlfion, arid that it may be very different from that of 
the force exerted, we proceed to confider what will be 
the diredion and velocity of the motion, and whether it 

will be accompanied with any rotation. ^ 
Our readers are acquainted with the elementary me-a ftroke, 

chanical property of the centre of gravity. If a body whole ac- 

be fupported at this point by a force ading vertically 
upwards, and equal to the united weight of every par tJie centre 
tide of matter in it, it will not only remain at reft, but«f a pofi- 
v/ill have no tendency to incline to either fide; that is,tion of folid 

the upward force balances the weight of the whole.^f*^^ 
body, and the mechanical momenta of all the heavy 

particles balance each other, like the weights in theti0n. 
feales bf a fteelyard. That this may be the cafe, we 
know that if the weight of every particle be multiplied 
into the horizontal lever by which, it hangs (which is a 
line drawn from the particle perpendicular to a vertical 

plane pafTmg through the centre of gravity), the fum 
of all the produds on one fide mull be equal to the fum 
of all the produds on the other fide. Therefore, if 

we fuppofe the particles all equal, and reprefent each 
by unity, the fyms of all the perpendiculars, themfclves 
mull be equal. How is this balancing effeded ? Every 

particle tends downwards with a certain force. It mull 
therefore be kept up by a force precifely equal and op- 
polite. This muft be propagated to the particle by 
means of the conneding corpufcufar forces. The force 
propagated to any particle is eqftal and oppofite to the 

force ading on that particle, which it balanced ; and if 
not balanced, it would produce a motion equal and op¬ 
pofite to that produced by the other force. Gravity 
would caufe every particle to defeend equally ; therefore 
the force which, by ading on one point, excites thofe 
balancing forces on each particle, would caufe them to 

move equally upwards. And fince this is true in any 
attitude of the body, it follows, that a force ading in 
any diredion through the centre of gravity, will caufe 

all the particles to move in that diredion equally ; that 

is, without rotation. 
Hence we learn, that when the diredion of the ftroke 

given to any body paffes through the centre of gravity> 
the body will move in that diredion without any rota¬ 
tion. If the quantity of matter, or number of equal 

particles in the body, be my the moving power P will 
imprefs on each particle an accelerating force fy equal 

to the rath part of P. Therefore f = and P =r mf. 

An accelerating force is eftimated by the velocity u, 
which. 
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wh.ch « generates by aftrng uniformly durfrfg fome fome of the general fads mentioned above, by means rmpulfion. 

i.imp f nr ■* — 7’/ r — —i r> . ^ . 9* wb*ch we may reduce all the varieties to fome eafy v""~r" 1 
cafes. The mdft feryiceable general fads are: i. That 
the adiolis of bodies on each other depend on their re- 

Iative motions ;'and, 2. That the motion of the common 
centre is not changed by the cOllifion. Thefe enable 
us to reduce alt to the cafe'of a body in motion ltd. 

king another at reft. We have only to determine their 
relative motion by tbe proportion in Dvnsm ics, no 67. 
and then to fuperadd the common motion, which chan¬ 

ges the relative into the true motions. Thus if two 
bodies A and B (fig. 4.) meet in D, defcrihing the 
lines AD, BD, the collifion is the fame as if B had re¬ 
mained at reft, and A had come again ft it with the mo¬ 
tion AB. In the mean time, the common centre of 
pofition has deferibed CD. If the bodies are unelaftic, 
they remain united, and proceed in the line CD produ¬ 
ced toward E, and their common velocity will be repre- 

fented .by DE, equal to CD, if AD and BD reprefent- 

ddirect,ndif“r-fulic-** 

rr * srr 
lociues with which they approached it. Therefore 
draw aE6 parallel to ACB, and make Ea.Ei equal 
to CA and CL, and then D a and D b are the paths 
and velocities of the bodies. All this is abundantly' 
plain, and is a neceffary deduftion from the general 

principle, that the motion of the centre is not affefted 
by any equal and oppdiite forces which conned the 

ft'rike an mtermediate_bal]~lf falfo” perfedJ^elafldcl0 hof*o(*W™' ■ . 
which is lying in contad with C In manvcafls S , • u* ^ ls not Efficient for afcer- often9ac. 
» -11 u ■•'■'11 1' r. m,r C'. ln. mdn5r tdfes> the taming the refults of collifion which occur in many of compand 

the moft important cafes; It not only fuppofes that b.)' r™- 
AD and ED are txf.dly proportional to the velocitiestior' 
of A and B, but alfo that they meet, fo that the plane 
of mutual contad is perpendicular to the line AB, and 
that the ftruke on each is direded to its centre. Thefe 

time t, or v=ft, and/= -, and P .=* m y, and 

v = “ *• The fymbol / may be omitted, if'we reckon 

every force by the velocity which it can produce m a 

iecoud. 1 bus may all forces be compared with gra¬ 

vity, by taking 32 feet for the meafure of gravity. 
Tln-’n m v will exprefs the number of pounds which 
give a preffure equal to the force under confideration.1 
Thus it the force can generate the velocity 48 feet 
per lecoiid in too pounds of matter, by ading on it 

uniformly during a fecond, its preffure is equal to the 
weight of 150 pounds. 

When a body A, moving with the velocity a, over¬ 
takes or meets a body B, moving with the velocity b, 

and the line perpendicular to their touching furfaces 
paffes through the centres of both in 'the diredion of 

their motion, all the circumftances of the collifion arc- 
determined by the rules already laid down. This is 
called direct 

the a_ ^.. .lyuinwi, uc 

duced, as we have done it, from the adior. of accelera¬ 
ting forces. All that was faid of the changes of mo¬ 

tion produced in the magnets obtain here without any 
farther modification. 

We may juft be allowed to take notice of a curious 
obfervation of Mr Huyghens on the collifion ofperfed- 
ly claftic bodies. Inftcad of impelling the elaftic ball C 
by the ftroke of the elaftic ball A, we may caufe A to 

ftnke an intermediate ball B (alfo perfedly elaftic), 
which ,s lying in contad with C. In many cafes, the 

ta a r,ot ft,r fenfibly from its place, and C alone 
vvill fly off. Nay, if a long row of equal billiard balls 
he 111 contad, and one of the extreme halls be hit by 
another ball in the diredion of the row, only the re. 
mote ball of the row will fly off. All this is eafily feen 

and underftood, by confident them as bod esmini • a °n CaCh ,'S d,reaed to h.s centre' Tbefis 
repelling, and placed at the limits of their mutual' ^ circumftances will not always be combined, even in the 

tlon. Or even fuppofnie h m eMic l.T- °f {Ph,cAcaI b°dicS' The Sequence will be, that 

fmall diftance fro Mother : The bSfcn\,L7Z ^ fmy.ll diftance from each other : The ball employed to 
nrike the firft comes to reft, and the ftriken ball moves 
off with its velocity : It ftrikes the fecond ball of the 

row, and is brought to reft : The fecond ftrikes the 
third, and is brought to reft : And this goes on in 
ueceuion to the laft, which is the only one that can 

fly off. The curious obfervation of Mr Huyghens is 
that a greater velocity will be communicated by a lar<re 
hall to a fmall one, if we employ the intermedium of 
another ball of a fize between the two ; and that the 

velocity will be the greateft poffible when the interne- 

that of the bodies may fometimes be different. We 
mull therefore give a general propofition, which will, 
with a little trouble, enable the reader to determine all 

the motions which can take place, whether progreffive 
or rotative. 

Let the body A (% 5.), moving with the velocity GenSa] 
\ , in the diredion AD, ftrike the body B at reft. Eet theorem. 
F be the point of mutual contad, and /aFH a plane 
touching both bodies in F. Draw AFP perpendicu¬ 
lar to this tangent plane, and through G, the centre 
of pofition of B, draw PGC perpendicular to FP, and ,1; , ,f ° '“'■ iiitciine- 01 petition or JLS, d 

from the foppofi.io,, of fooeeBi.e Impolfi, 8 F ' PT‘ °f P"CU?“ 

..... . o- piuuiicea 
by the intervention of two, three, or more; mean pro- 
poVtionals. 1 

But the direaion of the ftrokei may not be the fame 
with that of the motion. This is called oblique im- 

pulse. The cafes of oblique collifions are extremely 
different, according to the directions of the motions; 
and. tbe .refults are, in many of them, far from being 

cbvious. But we have not room for. a particular treat- 

city V. 

The impulfe is made at the point F,.in the direction 
AF or FP, and the centre of pofition of the body R‘ 

will advance in the direction Gi, parallel to FP, the di¬ 
reaion of the effeaive impulfe. But becaufe1 this does 
not pafs through the centre G, the body will advance, 
and will alfo turn round an axis palling through G\ 

perpendicular to the plane of the lines GP, PF, and 

Tl W* mi ^ail 0urfdw ^ the’fpontarieou$°axis 
fome. 
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Impulfion, fome point C of the line PO, and will alfo be perpen- 
Vr dicularto the fame plane. All this has been demonftra- 

ted in the article Rotation, n° 94, &c. Complete 
the parallelogram AFHE. It is plain, that the mo¬ 
tion AH is equivalent to AE and AF. By the mo¬ 
tion AE, A only Hides along the furface of B without 
prefling it, or caifling any tendency to motion in that 
diredion, except perhaps a little arifing from fridton. 

„ It is by the motion AF alone that the impulfe is made. 
AF 

Therefore let d be r V X * anc* ^len ^ ^ v ma^ 

^ 1 be called the efficient impulfe of the body A in the pre- 
Effccient fent clrcumitauces, and the efficient velocity. This will 
velocity. be diminiihed by the collifion. Let x be the unknown 

velocity remaining in A after the collifion, or rather in 
the inftant of the greatefl compreflion and common mo¬ 
tion of the touching points of A and B, eflimated in 
the diredion FP, The effedive momentum loft by A 

mull therefore be A X v — * : but the fame mult be 
gained by B, and its centre G mull move in the direc¬ 
tion GI, parallel to FP, with this momentum.; and 

therefore with the velocity —--That this’ 

may be the cafe, the point of percuflion F mull yield 
•with the velocity becaufe the bodies are in contad. 
But becaufe C is the fpontaneons axis of converfvon, 
every particle is beginning to deferibe an arch of a circle 
round this axis. Therefore F is beginning to move in 
the diredion F^f perpendicular to the momentary ra¬ 
dius vedor CF. Let F^ be a very minute arch, de¬ 
scribed in a moment of time. Draw gf perpendicular 
to FP. Then F/is the motion Y g reduced to the di¬ 
redion FP, and will exprefs the yielding of B in the 
diredion of the impulfe, while G deferibes a I pace 

Ax*y — x „ „ j a m« There- equal to 
B 

and A deferibes a {pace x. 

_ A X v — ^ 

AX CP 

- v X B X CG ‘ 
» X B X CG + 

a mi .v = 
AX^-xX CP 

- x X 
AX CP 

B x CG 

wherefore 
B X CG 

X A X CP = v X A X CP, 

72 . 
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ed on by a force zz A X v — a: in the diredion FA. 
This mull be compounded with AxV, in the direction 
AH, in order to obtain the new motion of A ; or it 
may be found by compounding x, which is retained by 
A, with FH, which has differed no change by the col¬ 
lifion. The bodies will therefore ilparate, although 
they be tiuelattic : If they are elaftic, we mu ft double 
thefe changes on each. If B was alfo in motion before 
the collilion, the motion of A mull be refolved into 
two, one of which is equal and parallel to the motion 
of B : the other muit be employed as we have employ¬ 
ed the motidn All. 

Expressions Hill more general may be obtained for * 
and 11 ; namely, by' taking the formulae for the centres 
of couverfion and percuflion (Rotation, nv> 96, 99.) 

CG = 
r, P.r* and CP r L rl4*BX CP* 

B x GP’ a,lu ^ A “ B X GP 
where p Hands for a particle of matter, and r for its 
diilance from an axis palling through G perpendicular¬ 
ly to the plain of the lines GP and PF. In this way 

A -fpi 
we obtain >: zz v 

■ A'BGP* 
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fore Fg will exprefs x. Let P/> be the fpace deferibed in 
the fame time that Yg is deferibed. Draw/C, cutting 
GK in the point 1. GI is the yielding of the body B to 

the impulfe, and muft therefore be equal to -1. 

The triangles Yfg and CPF are fimilar ; for the 
angle CFP is the complement of Yfg to a right angle : 
It is alfo the complement of PCF to a right angle. 
Therefore Fg : Ff zz FC : CP. But F g : Pp zz 
FC : CP ; becaufe the little arches Y g, Pp have the 
fan e angle at C. Therefore P p zz Yf zz x. It is 
plain, that CG ; CP = GI : Yp. Therefore CG : CP 

A + B *fpr' + A-B-GP* 

It is plain from this propofition, that the progrefiive Change of 
motion of the body depends, not only on tlie momen-fmgreffive 
turn of the impelling body, but alfo'on the place where 
the other is (truck : For even although the original ino-^n the 
men turn of A be the fame, and the obliquity of the direction of 
ftroke, making v the fame, and the body (and confe-the tffec- 

r 0 uve flrcke 

qnently //>r2) alfo remain the fame, we fee that x and i/dTes l^10 
u depend on the ratio of CP to CG. Now C and PL e cclurefc 
are always on oppoilte lides of G : Coidequently, by 

nng the direction FP of the impuliion farther 
G, we diminifti CG and increafe CP ; and there- 

A-CP 

reinovm 
from 

fore in create the value of x zz v B CG F A-CP ’ 
and 

aild 

X X B X CG 4- A X CP = <v X A XCP, and 
A X CP 

x zz v X QQ ~A x CP 1 ^ie velocity remain¬ 

ing in A, eltimated in the diredion FP. 
And it, the velocity with which G will advance, is 

CP : CG = T, : GI, = . : * I. i. «,i- 

dent that A will change its diredion by the collifion ; 
For in the inftant of greatefl compreflion, it was read* 

confequently diminifh the value of AX v—xy to which 
B X u is equal. The greateft momentum of B is pro¬ 
duced when the diredion of the impulfe paffes through 
G, and no rotation is produced. Indeed we are led, 
by a fort of common fenfe, to exped this. 74 

This inveftigation is by no means a piece of mere Important* 
fpeculative curiofity. It is the folution of the greateft ^ 
problem in pradical mechanics. It is in this way thatftjanlhip, 
we muft proceed in computing the adions of the wind &c, 
and water on the fails and hull of a fnip. Were it 
not that many cirCumftances concur in determining fe¬ 
vered of the preparatory Heps, it is evident that the tali: 
muft be aim oft impracticable. But the preflure and its 
diredion are generally determined by experiment, with¬ 
out the trouble of computation ; and we are fehlorn fe¬ 
licitous about the fubfequent motion of the wind or 
water. . 7; 

There is another queftion in impulflon which is of|mpuHIon 
the Hr ft pradical importance—namely, when the im- on bodies 
pi life is exerted on the parts of a machine, where the confined 
body itruck is not at liberty to yield freely to the^P^/ 
ftroke, but muft Aide along fome folid path, or turn 
round fome axis, or take fome other conftrained mo¬ 
tion. The operations of mod engines depend on this. 
The operation of wedges, axes, and many cutting and 
piercing inftruments, and the penetration of piles, im¬ 

pelled 
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Tmp^Tiorn pellcd by a rammer, are all afcertained by the fame doc¬ 

trines. But the particular applications can fcarcely be 
elucidated by any claflilication that occurs to us, the 
circumftances of the cafe making fuch great difference 
in the refult, both in kind and degree. For example, 

in the fimpleft cafe that occurs, the driving of piles, the 

penetration of the pile depends, in the firft place, on the 
momentum of the rammer. If the mafs of the pile be 

negleded, the penetration through a uniformly refilling 
fubftance will be as the fqnare of the velocity of the 
rammer (Dynamics, Suppl. n° 95.), and its abfolute 

quantity may be determined from a knowledge of the 
proportion of the weight of the rammer to the reliflance 
of the earth.' But when we confider that we have to 

put in motion the whole matter of the pile, we learn 

that a great diminution of the effed mult take place. 
We ft ill can compute what this muft be, becaufe we 

have the fame momentum, with a velocity diminifhed in 
a certain proportion of the fum of the* matter in the 

rammer and pile, to that in the rammer alone.— An¬ 
other defalcation arifes from fridion, which continually 
increafes as the pile goes deeper and a ftill greater 

defalcation proceeds from the nature of the pile." If it 
is a piece of very dry ftraight grained fir, it is very 
elaftic, and acquires almoft a double velocity from the 
ftroke of a rammer of call iron. If it is moift and foft, 
Specially if it is oak, or other timber.of an undulated 
fibre, it does not acquire fo great velocity, and the pe¬ 

netration is very much diminifhed. It is probable that 
a pile, headed with moift cork, could not be driven at 

all. The writer of this article found a remarkable ef- 
fe& of the elafticity in the procefs of boring limeftone. 
When the boring bit was made entirely of fteel, and 
tempered through its whole length to a hard fpring 
temper, the workman bored three inches, in the fame 
time that anothey bored two inches with a bit made of 
foft iron ; and he would never ufe any but fteel bits, if 
they could be hindered from chipping by the hammer 

(which muft alfo be of tempered fteel throughout). 
This has hitherto baffled many attempts. A prettv large 

round head, like a marlin fpike, has fucceeded bell: but 
even this cracks after fome days ufc. The improvement 
is richly worth attention ; for the workman is delight¬ 
ed by feeling the hammer rife in his hand after every 
ftroke, and fays that the work is not fo hard by half. 

iV. B. The ftone cutters at Lifbon and Oporto ufe iron 
mallets. 

The cafe of impuhion made on part of a machine 

moveable round an axis has been confidered in the ar¬ 
ticle Rotation, Encycl. n° 72 ; where * is fhewn to 
t_ A * CPZ 
be — v X . But, in this formula, r de- 

Jpr* + A-CP* 

notes the diftance ofp from the point C, and not from 

Jrpr *n this formula, is B*CG*CP ; whereas, in 
the formula for a free body, where r is the diftance of 

a particle from G, L r* is = B-CG-GP. 

In the practical confideration of this queftfon. the 
reader will do well to confider the whole of that article 
with attention. Many circumftances occur, which make 
a proper choice of the point of impulfe, and the direc¬ 

tion of the tangent plane, of the greateft confequence 
to the good performance of the machine : and there is 

Sutri,. Vol. I. Part II. 
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Cmpulfion 
on ma¬ 
chines. 

nothing in which the fcientific knowledge ot the en¬ 
gineer is of more effential fervice to him. An en¬ 

gineer of great , pradiee, and a fagacious combining 
mind, colleds his general obfervations, and ftores them 
up as rules of future pra&ice. But it is ftldorn that 

he poffeffes them with that diftindnefs and confidence 
that can enable him to communicate his knowledge to 
Others, or even fecure liimfelf againft all miftakes ; 

whereas a moderate acquaintance with thefe elements of 
real mechanics, may be.applied with fafety on all occa- 

lions, becaufe arithmetical computations, when rightly 
made, afford the moft certain of all refults. 

There is a circumftance which greatly affeds the per. Great k>fs 
iormance oi machines which are aduated by iinpulfes, °f power 
namely, the yielding and bending of the parts. When1*? the 

the moving power ads by repeated fmall impulfiotis, it ind hefd- 
may fometimes be entirely confumed, without produ-ing of the 
cing any effed whatever at the remote working point materials, 
of the machine ; and the engineer, who founds his con- 

ftrudions on the elementary theories to be had in moft 
treatifes of mechanics, will often be miferably difap- 
pointed. In the ufual theories, even as delivered by 
writers of eminence, it is afferted, that the fmall eft im¬ 
pulfe will dart the greateft weight. But fince impulfe 

is only a continued preflure, and requires time for the 
trailfmifiion of its efled through the parts of a yielding 
folid, it is plain that the motion of the impelling body 

may be extinguifhed before it has produced compref. 
fion enough for exciting the forces which are to raife 
the remote paits of a heavy body from the ground. 

What blow with a hammer could ftart a feather bed? 
Much oftener may we exped, that a blow, given to 
one arm or a long lever, will be confumed in bending 

the whole of its length, fo as to bring the remote end 

into adton. Therefore great ftifFnefs, and perfed ela¬ 
fticity, both in the moving parts and in the points of 
fupport, are neceffary for tranfmitting the full, or even 
a coniiderable part, of the power of the impelling body. 
Perhaps not the half of the blow given by the wipers 

of a great forge or tilting mill to the fflank of the ham¬ 
mer is tranfmitted in the proper inftant of time to the 
hammer-head. Flie hammer, while it is toffed up by 
the blow, is quivering as it flies. Should it reach the 
fpring above it in the time of its downward vibration, 
it will not be returned with fuch force as if it had hit 
the fpring a moment before or after. A quarter of an 

inch will produce a great effed in fuch cafes. It is 
found, that the minute impulfes given to the pallets of 
a clock or watch lofe much of their force by the im- 
perfed elafticity of the pendulum or balance. We 

muft therefore make all the parts which tranfmit the 
blow to the regulating mafs of matter as continuous, 
hard, elaftic, and ftiff, aspoflible. The performance of 
ruby pallets is very feniibly weakened by putting oil on 

the face of them, efpecially in the detached fcapements, 
which ad partly by impulfe. A wheel of hard tem¬ 
pered fteel, working on a dry ruby pallet, excels all 

others. The intelligent engineer, feeing that, after ail 
his care, much impulfion is unavoidably loft, will avoid 
employing a firft mover which ads in a fubfultory man¬ 
ner, and will fubftitute one of continued prdlure when 
it is in his power. Phis is one chief caufeof the great 

fuperiority of overfhot waterwheels above the underfhot. 
We can now underhand how it happens that Gal- 

lileo, Merfennus, and others, could compare tbeimpulie 

5 K given 



IMP [ 8 
'^rpU^°n,i &1#ven by a falling body with the preffure of a weight 

in the oppofite fcale.of a balance, and can fee the rea- 
fon or the imrr\enfe differences, yet accompanied by a 

foit of regularity, in the refills of the experiments. Ga* 

lih o, Merkuinis, and Riccioli, Vbund them to be proofs 
that the forces of moving bodies are as their velocities ; 

becaufe the heights from which the body fell were as the 
i qua res of the weights darted from the ground. Grave- 
fande found the fame thing as long as lie held the fame 

opinion j but when he adopted the Leibnitzian meafure, 

he found many faults in the apparatus employed in his 
former iliuflrations, and altered it, till he obtained re- 
fults agreeable to his new creed. But any one who ex¬ 

amines with attention all that paffes in the bending of 

the apparatus, and takes into account the mafs of mat¬ 
ter which muff be dlfplaced before the oppofite arm 
lifes fo far as to detach the fpririg which gives indica¬ 

tion of the magnitude of the llroke, mu ft fee that the 

agreement is purely accidental, and may be procured 
for any theory we pleafe (fee Grave/anile's Nat. Phil. 
tranflated by Defaguiliers, vol. i. p. 241. &e.) The 

propofition, n° 95, Dynamics, fuffices for explaining 
every thing that can happen in fuch experiments. And 
it will fhew us, that although the motion of impulfioa 

is produced by p re flu re alone, yet impulfe is incompa¬ 
rable with mere preffure: It is not infinitely greater, 

but difparate. A weight (which is a preffure) bends 

a fpring to a certain degree, and will derange to a cer- 

tain degree the fibres of a body on which it preffes, be¬ 
fore it be balanced. The fame weight, falling on this 
fpring from the fmallejl height, will bend it farther, and 

may crufh or Oliver to pieces the body which would have 
carried it for ever. We fliall make fome further remarks 

on this fubjeft, of great praftical importance, under the 
word Percussion. 

78 
Oonclu The method which we have purfued in confidering 
<iion. the doctrines of impulfion, differs confiderably from that 

which has generally been followed ; but we truft that 

it will not be found the lefs inftru&ive. Although 

the reader ffiould not adopt our decided opinion, that 
we have no proof of pure impulfion ever being ob- 

fu ved, and that all the phenomena which go by that 

name are really the effects of preffures, analogous to 
gravity, he perceives that our opinion does not lead 

to any general laws of impulfion that are different 

from thofe which are acknowledged by all. We differ 

^ only, by exhibiting the internal procedure by which 
they are unquejlionally produced in a vaft number of 

cafes, and which takes place in all that we have feen, 
in fome degree. Our method has undoubtedly this ad¬ 

vantage, that it requires no principle but one, namely, 
that accelerating forces are to be eftimated by the ac¬ 

celeration which they produce. Even this may be 

confidered, not as a principle, but merely as a defini¬ 
tion—We get rid of all the obfeurity and perplexity 

that refult from the introduction of inertia, confidered 

10 } I M P 
as a power — a power of doing nothing 5 and we are Impulfion; 

heed from the unphiiofophical fiction (adopted by all the "V—' 
abettors of that do&rine, and even by many others) of 

conceiving the fpace, in which motions are performed, 
and bodies a£t, to be carried along with the bodies in 
it.— This furnilhes, indeed, in fome cafes, a familiar 
way oF conceiving the thing, by fuppofing the experi¬ 

ments to be made in a (hip under fail, and by appeal¬ 
ing to the faff, that all our experiments are made on 
the furface of a globe that is moving with a very great 

velocity. But it is an abfurdity in philofophy, and, 
when minutely or argumentatively uftd, it does not 
free us from cne complication of adlion ; for, before we 

can make ufe of this fubftitution, we mull demonflrate, 
that the actions depend on the relative motions only : 

And this, when demonstrated, obliges us to meafure 
forces by the velocity which they produce. 

As no part of mechanical philofophy has been fo 
much debated about as impulfion, it will furely be a- 

greeable to our readers to have a notice of the different 
treatifes which have been publilhed on the fubjeCt : 

Galilei Opera, T. I. 957. II. 479, &c. 

Jo, Wallifii TraCtatus de Percuffione. Oxon. 1669. 

Chr. Plngenius de Motu Corporum ex Percuffione. 
Op. II. 73. 

Traite dela Percuffion des Corps, parMariotte, Op.1.1. 
Hypothefis Phyfica Nova, qua phenomenorum cau- 

£x ab unico quodam univerfali motu in noftro globo 

luppofito repetuntur. Audi. G. G. Leibnitzio. Mo- 
guntise 1671.—Leibn. Op. T. II. p. II. 3. 

Ejufdem Theoria Motus Abftra&i. Ibid. 35. 
Hermanni Phoronomia. Amll. 1716. 

Difcours fur les Loix de la Communication de Mouve- 
ment, par Jean Bernoulli, Paris, 1727. Jo. Bern. 
Open IIL 

Dynamiqne de D’Alembertr 

Enleri Theoria Corporum folidonim feu rfgidorutn, 
ij6f. 

Borelli (Alphons) de Percuffione. 

See alfo M‘LauritPs Fluxions, and his Account of 
Newton’s Philofophy, for his Differtation crowned by 
the Acad, des Sciences at Paris.—Alfo Dr Jurin’s ela¬ 
borate differtations in the Phil. Tranf. N° 479.—Alfo 

Gravefande’s Nat. Philofophy, where there is a moft 

laborious colle£tion of experiments and reafonings ; all of 
which receive a complete explanation by the 39th Prop. 

Princip. Neutoni I. or our 11*95. Dynamics. There arc 

alfo many very acute philofophieal obfervations in Lam* 
hert's Gedanken iiber die Grundlehren des Gleichgefwichts> 
und der Bewegung. in the fecond part of his Gebrauch, 

der Mathematik.—Alfo, in the works of Kaeftner, 
Hamberger, and Bufch. Mufchenbroeck alfo treats the 

fubjeft at great length, but not very judicioufly. We 
do not know any work which treats it with fuch per- 

fpicuous brevity as IVPLaurin’s Account of Newton’^ 
Philofophy. 

END OF THE FIRST VOLUME. 
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